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Systematic, well-designed research provides the most effec-
tive approach to the solution of many problems facing high-
way administrators and engineers. Often, highway problems
are of local interest and can best be studied by highway
departments individually or in cooperation with their state

universities and others. However, the accelerating growth of”

highway transportation develops increasingly complex prob-
lems of wide interest to highway authorities. These problems
are best studied through a coordinated program of coopera-
tive research.

In recognition of these needs, the highway administrators

of the American Association of State Highway and Transpor-.

tation Officials initiated in 1962 an objective national
highway research program employing modern scientific tech-
niques. This program is supported on a continuing basis by
funds from participating member states of the Association
and it receives the full cooperation and support of the Federal
Highway Administration, United States Department of
Transportation.

The Transportation Research Board of the National Re-
search Council was requested by the Association to admin-

ister the research program because of the Board’s recognized -

objectivity and understanding of modern research practices.
The Board is uniquely suited for this purpose as: it maintains
an extensive committee structure from which authorities on
any highway transportation subject may be drawn; it pos-
sesses avenues of communications and cooperation with
federal, state, and local governmental agencies, universities,
and industry; its relationship to its parent organization, the

National Academy of Sciences, a private, nonprofit institu--

tion, is an insurance of objectivity; it maintains a full-time
research correlation staff of specialists in highway transpor-
tation matters to bring the findings of research directly to
those who are in a position to use them.

The program is developed on the basis of research needs
identified by chief administrators of the highway and trans-
portation departments and by committees of AASHTO.
Each year, specific areas of research needs to be included in
the program are proposed to the Academy and the Board by
the American Association of State Highway and Transporta-
tion Officials. Research projects to fulfill these needs are
defined by the Board, and qualified research agencies are

selected from those that have submitted proposals. Adminis-

tration and surveillance of research contracts are the respon-
sibilities of the Academy and its Transportation Research
Board.

The needs for highway research are many, and the Na-
tional Cooperative Highway Research Program can make
significant contributions to the solution of highway transpor-
tation problems of mutual concern to many responsible

groups. The program, however, is intended to complement .

rather than to substitute for or duplicate other highway re-
search programs.
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PREFACE

FOREWORD

By Staff
Transportation
Research Board

There exists a vast storehouse of information relating to nearly every subject of
concern to highway administrators and engineers. Much of it resulted from re-
search and much from successful application of the engineering ideas of men faced
with problems in their day-to-day work. Because there has been a lack of system-
atic means for bringing such useful information together and making it available to
the entire highway fraternity, the American Association of State Highway and
Transportation officials has, through the mechanism of the National Cooperative
Highway Research Program, authorized the Transportation Research Board to
undertake a continuing project to search out and synthesize the useful knowledge
from all possible sources and to prepare documented reports on current practices
in the subject areas of concern. _ .

This synthesis series attempts to report on the various practices, making

_specific recommendations where appropriate but without the detailed directions

usually found in handbooks or design manuals. Nonetheless, these documents can
serve similar purposes, for each is a compendium of the best knowledge available
on those measures found to be the most successful in resolving specific problems.
The extent to which they are utilized in this fashion will quite logically be tempered
by the breadth of the user’s knowledge in the particular problem area.

This synthesis will be of special interest and usefulness to highway designers,
researchers, and others concerned with pavement management. The report re-
views current practices of collecting pavement condition data for use in making
decisions on maintenance, rehabilitation, and reconstruction.

Administrators, engineer’, and researchers are faced continually with many
highway problems on which much information already exists either in documented
form or in terms of undocumented experience and practice. Unfortunately, this
information often is fragmented, scattered, and unevaluated. As a consequence,
full information on what has been learned about a problem frequently is not
assembled in seeking a solution. Costly research findings may go unused, valuable
experience may be overlooked, and due consideration may not be given to recom-

-mended practices for solving or alleviating the problem. In an effort to correct this

situation, a continuing NCHRP project, carried out by the Transportation Re-
search Board as the research agency, has the objective of synthesizing and report-
ing on common highway problems. Syntheses from this endeavor constitute an
NCHRP report series that collects and assembles the various forms of information
into single concise documents pertaining to specific highway problems or sets of
closely related problems.



Transportation agencies systematically collect data on pavement roughness,
distress, deflection, and skid resistance. This report of the Transportation Re-
search Board includes a discussion of the methods of collection, the use of the
data, and the problems encountered with various systems. The particular pave-
ment condition data collection programs of various-agencies are reviewed in the
appendixes.

To develop this synthesns ina comprehensnve manner and to ensure inclusion
of significant knowledge, the Board analyzed available information assembled
from numerous sources, including a large number of state highway and transpor-
tation departments. A topic panel of experts in the subject area was established to
guide the researcher in organizing and evaluating the collected data, and to review
the final synthesis report.

- This synthesis is an immediately useful document that records practlces that
were acceptable within the limitations of the knowledge available at the time of its
preparation. As the processes of advancement continue, new knowledge can be
expected to be added to that now at hand.
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SUMMARY

COLLECTION AND USE OF
PAVEMENT CONDITION DATA

Pavement condition data are collected to assist in making decisions on high-
way maintenance, rehabilitation, and reconstruction. The data are used to estab-
lish maintenance and rehabilitation priorities, to select maintenance and rehabili-
tation strategies, and to project pavement performance. The pavement condition
data collected by agencies can be grouped as follows: roughness (ride), surface
distress, structural evaluation (deflection), and skid resistance.

. Pavement roughness is defined as irregularities in the surface that affect the
ride of a vehicle. Equipment used to measure roughness includes the CHLOE
profilometer, car ride meter, and laser profilometer. Most of the agencies surveyed
used some type of car ride meter. Advantages of the car ride meter include
relatively low cost, ease of operation, ability to acquire large amounts of data,
adequate repeatability, and correlation of output with the pavement serviceability
index, which is a measure of a pavement’s ability to serve traffic. Disadvantages
include the need for frequent calibration, inability to measure pavement profile,
and relationship ‘of the data to operating characteristics of the automobile used.

Surface distress is a measure of pavement fracture, distortion, and disintegra-
tion. This information is obtained by surveying pavements and recording various
defects, such as cracking and rutting. Survey methods are usually subjective; a
rater uses a form to note location, extent, and severity of defects. Typically, 100
to S00 ft (30 to 150 m) are surveyed each mile (1.6 km). Variation in subjectively
obtained distress data can be minimized by having raters stop at the same location
each year, obtaining data every 1 or 0.5 mi (1.6 or 0.8 km), obtaining a consensus
of at least two raters for each segment, and keeping procedures as simple as
possible. '

- Structural evaluation involves determining the ability of a pavement to sup-
port traffic. Surface deflection measurements are commonly used to measure
structural adequacy. The three types of deflection measurements are static deflec-
tion, steady-state dynamic deflection, and impact-load response. Because of
the high costs, most agencies do not collect deflection data routinely; however,
these data are collected and used in detailed design and rehabilitation selection
processes. ) .

Skid resistance data are routinely collected by most of the agencies surveyed.
The data are used to identify pavements with low skid resistance; to plan pavement
maintenance and rehabilitation; and to evaluate surfacing materials, designs, and
construction practices. Locked-wheel or yaw-mode trailers are used to measure
skid resistance. ,

The amount of pavement network on which data are collected each year



ranges among the agencies from 10 to 100 percent for roughness, 40 to 100 percent
for surface distress, and 33 to 67 percent for skid resistance. The few agencies that
routinely collect deflection data do so on between 20 and 50 percent of their
- pavement networks. Annual costs of collecting pavement condition data for moni-
toring purposes range from about $12 to $50 per center-line mile ($7 to $15/km).

Problem areas encountered during data collection and analysis include equip-
ment (calibration and maintenance), personnel (training, motivation, and obtaining
sufficient staff), seasonal variation in data collection, and data processing. To
ensure effective use of the data, it is necessary to clearly define goals; document
benefits; have the support of top management; provide feedback to design, con-
struction, and maintenance to assure that data are usable; and establish a develop-
ment process that involves all users of the data.



CHAPTER ONE !

INTRODUCTION

NEED FOR PAVEMENT CONDITION DATA

Pavement condition data have been used in the past to
develop maintenance, rehabilitation, and reconstruction pro-
grams, generally on a project-by-project basis. The data were
used to determine the projects requiring maintenance and
the type of maintenance or rehabilitation required to correct
the observed deficiencies. These decisions were made on a
year-to-year basis at a time when resources (both manpower
and funds) were more plentiful than they are today.

During the 1940’s and 1950’s highway maintenance per-
sonnel relied heavily on visual inspections to establish type,
extent, and severity of distress, and on experience or judg-
ment to establish maintenance programs. Unfortunately, ex-
perience is difficult to transfer from one person to another,
and individual decisions made from similar data are often
inconsistent.

In the late 1950’s and early 1960’s the increased use of
roughness meters and deflection and skid test equipment
permitted objective data to be collected and used both alone
and with visual surveys to aid in making maintenance or
rehabilitation decisions. )

In the 1970’s highway personnel could no longer rely on

- the luxury of managing roadways solely on the basis of field
personnel experience. Because of limited resources-and in-
creased pavement deterioration, it was eSsential to develop
rapid, objective means to establish:

1. Projects in need of maintenance or rehabilitation.

2. Types of maintenance or rehabilitation' currently

required.

3. Types and schedule of maintenance or rehabllltatlon to
be undertaken in the future to minimize life-cycle costs (con-
struction, maintenance, and ‘user costs) or to maximize the
net benefit.

These decisions are difficult to make based on experience

alone. Consistent, repeatable, and meaningful pavement data,

are needed as input and feedback to a well-developed frame-
work to make the most cost-efficient decisions.’

At present, three specific applications for pavement data
can be identified. These applications have been grouped
under the term pavement management; however, each is
quite different:

1. To Establish Priorities. Data such as ride, distress, and

- deflection are used to establish the projects most in need of
maintenance or rehabilitation. Often only ride and/or dis-
tress data are used; at other times ride, distress, and deflec-
tion data are combined into a single rating. Skid resistance
data are often used separately. Once identified, the projects

in the poorest condition (low rating) will be more closely

evaluated to determine repair strategies.

2. To Establish Maintenance and Rehabilitation Strate-
gies. Data, such as type, extent, and severity of distress,
are used to develop an action plan on a year-to-year basis;
i.e., which strategy (repairs, surface treatments, cverlays,
recycling, etc.) is most appropriate for a given pavement
condition. .

3. To Project Pavement Performance. Data, such as ride,
skid resistance, distress, or a combined rating, are projected
into the future to assist in preparing long-range budgets or to

" estimate the condition of the pavements in a network given

a fixed budget.

These uses for pavement data differ somewhat from the
broader definition of pavement management developed by
Hudson et al. (/): **An all-encompassing process that covers
all those activities involved in providing and maintaining
pavements at an adequate level of service. These range from
initial information acquisition to planning and programming
of maintenance, rehabilitation and new construction, to the
details of individual project design and construction to peri-
odic monitoring of pavements in service.”’

Hudson et al. also state: ‘“‘A pavement management sys-
tem (PMS) is a tool that provides decision-makers at all
management levels with optimum strategies derived through
clearly established rational procedures.’’ By this definition,
the applications described above (establish priorities, select
maintenance and rehabilitation strategies, and project pave-
ment; performance) easily fall within the framework of a

. pavement management system (PMS).

A PMS permits determination of the action requnred when
it should be scheduled, and the road on which it is needed.
There is presently considerable interest in developing this
type of system (2, 3) to assist in: .

1. Optimizing use of available funds to maintain a network
of roads.

2. Preparing long-range budgets.

3. Estimating conditions of different pavements in the net-
work for a given budget. '

4. Evaluating the consequences of budget reductions and
deferred maintenance.

5. Scheduling future pavement maintenance activities.

6. Evaluating the performance of vanous pavement de-
signs, materials, etc.

PURPOSE OF SYNTHESIS

A survey of the current practices of a selected group of
states in the collection of pavement condition data for use in
maintenance, rehabilitation, and reconstruction decisions
was conducted. An attempt has been made to determine the



ways the data are used in managing work programs, and the

many aspects of funding, decision making, and effectiveness.

The extent of the use of pavement condition data and the
problems encountered are discussed.
Specific topics discussed include:

. Type of data collected.

. Methods of data collection.

. Use of the data.

. Sampling programs.

. Costs of data collection and processing.

WK -

6. Problems encountered.
7. Difficulties not resolved by the current collection
techniques.

This report is based on information obtained from the
transportation departments of Arizona, California, Florida,
New York, Pennsylvania, Utah, and Washington, and from
the province of Ontario, Canada, and the U.S. Army Con-
struction Engineering Research Laboratory (CERL) (U.S.
Air Force airfield pavements). Individual state practices are
described in more detail in the appendixes.

CHAPTER TWO

CURRENT PRACTICE

TYPES OF DATA COLLECTED

The agencies surveyed for this report collect the following
types of data, which are primarily used to assist in making
decisions on pavement maintenance and rehabilitation:

® Roughness (ride),

o Surface distress,

e Structural evaluation (surface deﬂectlon), and
e Skid resistance.

Table 1 lists the types of data collected by the nine agen-
cies in this study. Essentially all the agencies collect rough-
ness, distress, and skid data for monitoring pavement
conditions. Only one of the agencies collects deflection data
on a regular basis. ‘

TABLE 1

TYPES OF DATA ROUTINELY COLLECTED FOR MONITOR-
ING PAVEMENT NETWORK CONDITION

) Type of Data Collected
Agency

Ride | Distress Deflection Skid
Arizona DOT L o ®
California 0OT ® o ®
Florida DOT e | © ®
New York DOT ® @
Ontario MTC [ o
Pennsylvania DOT [ o o
U.S. Air Force (CERL)\ L
Utah DOT L o ] L
Washington DOT [ o o

§ = .
Very Good
Acceptable ? 4T
Good
Yes 3=
Foir
No 2=t
. Poor
Undecided {4
| Vvery Poor
Oude
Section Identification Rating
Rater: Date Time Vehicle

FIGURE 1 Individual.présent serviceability rating used
for the AASHO Road Test (4).

Roughness (Ride)

Pavement roughness is generally defined as irregularities
in the pavement surface that adversely affect the ride quality
of a vehicle (and thus the user). The activities associated with .
the AASHO Road Test (4) produced a more precise defini-
tion of roughness that is widely used at this time. The follow-
ing terms are relevant to this synthesis:

1. Present Serviceability Rating (PSR). *‘The judgment of
an observer as to the current ability of a pavement to serve
the traffic it is meant to serve.”’ The quantitative scale used
by the panels (observers) in the AASHO Road Test is shown
in Figure 1. The subjective scale ranges from 5 (excellent) to
0 (essentially impassable).

2. Present Serviceability Index (PSI). ‘‘ An estimate of the
mean of serviceability ratings made by a panel of judges.”
Usually this estimate is obtained with some type of equip-
ment that is correlated to panel ratings.



l._Maintenance or

I__ Initial
5 Construction Rehabilitation Event
-

Normally used range of
1k - minimum acceptable PSI

PRESENT SERVICEABILITY INDEX

TRAFFIC (Equivalent Axles or Time)

FIGURE 2 Concept of pavement berformance using pres-
ent serviceability index.

3. Performance. ‘‘The serviceability trend of a . . . [pave- .

ment segment] with increasing number of axlé applications.”’
Figure 2 further demonstrates this concept.

Although some equipment for measuring pavement rough-
ness existed before the AASHO Road Test was conducted,
the PSI concept greatly accelerated development in this area.

U.S. Bureau of Public Roads roughometer, the CHLOE pro-
filometer, and precise leveling. More recently developed
equipment includes: car ride meters [Mays meter, PCA
meter, Cox meter, New York, and Saab (recently developed
in Sweden)]; the surface dynamics proﬁlometer and the
laser profilometer (U.S. Air Force).

Current practices for ride evaluation, including the ride
measuring equipment used by the agencies surveyed, are
summarized in Table 2. This table is a modification and up-
date of similar information contained in the Tumwater Pave-
ment Management Workshop report (3). In addition, some
agencies, including those in Pennsylvania and Texas, use the
surface dynamics profilometer for calibrating Mays meters.

Of the nine agencies surveyed, seven use some type of car

" ride meter for measuring ride. The advantages of using ride

meters include:

e Relatively low cost.

e Simplicity and ease of operation.

e Capability for acquisition of large amounts of data
e Adequate repeatability.

e QOutput correlated with PSI.

Disadvantages associated with ride meters include:

® Relatively frequent calibration needed to assure repeat-
ability.

Some of the earlier equipment and techniques included the

TABLE 2

® Inability to measure pavement profiles.

CURRENT PRACTICE FOR RIDE EVALUATION

Agency

Comments

Arizona

Mays meter used to rate annually., Panel rating used
to develop a rideability index that 1s similar to PSI,

California

PCA meter used. Ride score (and other data) used in
identifying corrective work,

Mays meter correlated to CHLOE profilometer.

Florida Ride rating (RR) based on calibration for each
vehicle is determined.
Uniqué mobile vehicle response profiler used to monitor
New York PRI (similar to PSI). Entire system monitored annually.
Serves a central computer by analog tape.
Ontario Subjective rating of ride on a scale of 0-10.
Riding comfort index (RCI) is determined.
Pennsylvania Mays meter used on 100% of Interétate. expressways,

principal highways, and minor arterials annually

U.S. Air Force

Pavement surface profile of airfield pavements

(CERL) measured with laser profilometer.
Utah Cox meter used on 1-mi increments. Roughness reported
in form of serviceability (PCI). :
. Cox meter used on all sections to calculate ride score
Washington

as part of overall rating.




\

e Data are a function of automobile operating character-
istics [including shock absorbers and springs; gross
vehicle weight and distribution; tire pressure, wear, and
condition (balance and alignment); and the effects of
temperature and wind]. ’

Several agencies have placed Mays meters in towed trailers
to help overcome some of these problems.

Surface Distress

As shown in Table 1, surface distress data are collected
regularly by the agencies surveyed (except New York). In
describing agency practices, the following definition of

distress is used: ‘‘Any indication of poor or unfavorable -

pavement performance or signs of impending failure; any
unsatisfactory performance of a pavement short of fail-
ure’’ (5). .

Distress surveys are commonly grouped into three catego-
ries: (a) fracture, (b) distortion, and (c) disintegration. For
each category of distress data, it is necessary to identify
-individual distress types, corresponding amount and sever-

© TABLE 3
DISTRESS GROUPS (7)

/

ity, and locations. Detailed definitions for individual distress
types are provided by Smith et al. (6). Table 3 presents an
overview of this concept along with examples of the causes
of these types of distress.

The types of distress data collected by the agencies are
summarized in Tables 4 (flexible pavements) and 5 (rigid
pavements). As shown in Table 4, essentially all agencies use
some measure of cracking in evaluating flexible pavement
conditions. Specifically, transverse, longitudinal, and alliga-
tor cracking are measured by six of the nine agencies. Mea-
sures of generalized and block cracking are used to a lesser
extent. Most agencies measure rutting, raveling, patching,
and flushing. Corrugations, stripping (similar to raveling),
polishing, and potholes are measured to a lesser extent.

There appears to be less uniformity among the agencies
regarding the practices for collection of distress data to eval-
uate rigid pavement conditions. General measures of crack-
ing (primarily transverse, longitudinal, and comer), spalling,
faulting, settlement, pumping, joint separation, raveling,
popouts, scaling, and patching are the most common types of
data collected. A procedure for systematically collecting dis-

" tress data has been developed for NCHRP Project 1-19 (8).

Distress
Manifestation

Distress
Mode

Examples of Distresg Mechanism

Cracking

Fracture

Spalling —

Permanent
deformation

Distortion
. Faulting

) Stripping
S .
Disinte-
gration
Raveling
and
scaling

—Excessive loading

Repeated loading (i.e., fatigue)
Thermal changes

Moisture changes i
Slippage (horizontal forces)

- Shrinkage \

—Excessive loading

Repeated loading (i.e., fatigue)
Thermal changes

L Moisture changes’

—Excessive loading

Time-dependent deformation

- (e.g., creep)
Densification (i.e., compaction) .
Consolidation .
Swelling
Frost

—Excessive loading

Densification (i.e., compaction)
Consolidation.

—Swelling -

(i.e., loss of bohd)
reactivity
by traffic

—Adhesion
Chemical
“Abrasion

(i.e., loss of bond)
Chemical reactivity

Abrasion by traffic
Degradation of aggregate

~Adhesion

—Durability of binder




TABLE 4

TYPES OF DISTRESS DATA COLLECTED FOR FLEXIBLE PAVEMENTS*

Agency
Distress Distress .
Mode Type Ariz.|Calif.] Fla.[N.Y.| Ont. | Pa. [ USAF |[Utah | Wash.
Fracture Cracking
Generalized o (
Transverse o [ o ® | O ()
Longitudinal e ® ® ® e ®
Alligator o o o o o o
Block ® o [
Other L o o
Distortion Rutting o ® | O o O [ o o
Corrugations o [ o o
Disintregation |Raveling .0 | © o @) o o o
Stripping -0 o
Polishing o { ]
Other - Patching ® O ® | O e (o ®
Potholes ’ © L
Flushing - © L O @ ® o

a @Required; Qoptional; @ data collected on specific projects ohly.

~

The data in Table 6 indicate that measures of distress are
usually subjectively obtained instead of being collected with
distress detection equipment. Pavement, in lengths ranging
from 100 to 500 ft (30 to 150 m), is usually surveyed at 1-mi
(1.6-km) intervals. Research conducted in Texas verifies this
approach (9). Photologging, as a method for detecting dis-

tress, does not appear to be commonly used by the agencies

interviewed.

Typical recording methods are described in the appen-
dixes. The recording form currently used by the Washington
Department of Transportation (WSDOT) is shown in Fig-
ure 3. The form is primarily used to record the location,

extent, and severity of pavement distress. All types of dis-

tress measurements used for both flexible (bituminous) and
rigid (portland cement concrete) pavements are listed in this
single form.-A column for recording roughness counts ob-
tained from the ride meter formerly used in Washington is
also included in the form. Other agencies have also devel-

oped forms to accommodate specific evaluation procedures.
The agencies use various methods to condense distress.

data into useful information. One common procedure is to'
Jassociate deduct (penalty) points with specific distress type,

severity, and extent combinations. These points can then be
summed and subtracted from some upper limit or maximum-"
value (usually 100). A generalized relationship for this con-
cept was described by Shahin and Darter (10):

S S al,s, EU)]

Rating (distress) score = C — [
: . i=1 j=1

" where

C = initial rating (distress) number, and

a () = weighting factor or deduct points, which is a func-
tion of distress type T;, severity of distress S;, and
extent of distress E;; ‘

This basic concept is used by three of the nine agencies
reviewed [Florida, U.S. Air Force (CERL), and Washing-
ton]. Other procedures used by the individual agencies for
summarizing data are described in the appendixes.
Possible causes for variations in subjectively obtained dis-
tress data and subsequent ratings or distress scores were
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‘discussed by Mahoney and Lytton based on studies con-

ducted in Texas (9):

1. Rater error: The inability of a rater(s) to replicate an
evaluation on a given pavement.
2. Evaluation procedure change. [Any changes made in a
distress rating procedure can cause variations in the resulting

scores.]

3. Variation within a highway segment:

(a) Pavement distress variation within highway seg-
ments ofteén causes the rater difficulty in arriving at a

TABLE 5

TYPES OF DISTRESS DATA COLLECTED FOR RIGID PAVEMENTS,

‘
7

‘‘composite’’ rating which is representative of the whole
highway segment being evaluated.

(b) Pavement distress variation within highway seg-
ments also causes the evaluation to be somewhat depen-
dent upon where the rater stops to make the evaluation.

[This appears to be one of the largest causes of errors in

year-to-year evaluations for any highway segment.)

4. True year-to-year differences [for a pavement segment]:
Major maintenance [or rehabilitation] (such as overlays) and

ing

minor [or routine] maintenance (such as patching, crack seal-

, etc.) are performed annually on many pavement seg-

Age'ncy
Distress Distress -
Mode - Type Ariz. |{Calif.) Fla.|N.Y.| Ont.| Pa. USAF | Utah | Wash.
Fracture Cracking
General o @®° o o
Transverse o o | O e
Longitudinal o @ ' o
Diagonal ) o (
D ) ® o
Corner o L [ J
Other o
Spalling o | O | ® © o
Shattered Slab | L J o
Distortion Rutting o
Settlement o [ ) o o
Faulting o ® (] o [ o
"Pumping o ® L
Joint Separation o o @
Blow Up . e | O o o
" Warping o e
Disintegration | Raveling o’ o ®
: Popouts [ o [ ®
) Scaling o’ ) ) )
Polishing ]
Other Patching e O ® ® o [
Potholes [ ] ®

! b

3 composed of 1st, 2nd, and/or 3rd

stage cracking.

Evaluated by use of one distress type termed “surface deterioration."

v



 TABLE 6

CURRENT PRACTICE FOR SURFACE DISTRESS EVALUATION

Agency

Comments

Arizona

Primary evaluation consists of crack survey. Distress
compared with standard photos. Other distresszparameters
determined to be too time-consuming. 1000 ft° for each
1/3 mi is evaluated.

California

Structural defects such as cracking, rutting, etc., rated
for extent and severity. Entire state highway system rated
on a biennial basis.

Florida

Structural defects including rutting, cracking, and patch-
ing are rated for 100-ft as reoresentative of l-mi
sections. Defect rating (DR) is determined as part of
overall evaluation.

New York

Not made routinely. . )

* Ontario

Pavement condition rating (PCR) determined by rater as
set forth in manuals. 1- or 3-yr rating frequency.
Ride and distress combined to determine PCR.

Pennsylvania

Trained observer survey performed on a f1oat1ng
sample of the highway system,

U.S. Air Force
(CERL)

Pavement condition index (PCI) is determined based on
objective measurement of pavement distress. Sampling
(within a project) is used to expedite the condition survey.

Utah

Detailed evaluation of cracking, rutting, patching, wear;
weathering, etc.,on 500-ft of 1-mi sections made from
subjective analysis. Eleven parameters used.

Structural defects, such as cracking and rutting, measured
every other year, on a subjective bas1s, on a 200-ft section

N Washington

within each 1-mi section.

ments. Both types of maintenance can cause significant
annual changes [in recorded distress data. Additionally, pave-
ment distress, once present, increases with time if no main-
tenance or rehabilitation is performed.]

The year-to-year variation caused by the first three factors
listed above should be reduced or eliminated; the fourth fac-
tor is the only one that is actually desired. To reduce un-
wanted variations, a number of relatively straightforward
techniques have been suggested (9), including:

1. Each year the rater(s) should stop at the same location
within each segment (possibly keyed to mileposts). A mini-
mum permissible area should be evaluated at each stop.

2. The number of rating locations (stops) should be at a
frequency of every 1 to 0.5 mi (1.6 to 0.8 km).

3. The rating for each segment should be obtained by a
consensus of at least two raters whenever possible.

4. Rating procedures should be as simple as possible.

However, these techniques may not be equally useful to all
_ agencies that collect such information. The composition of
rating teams, rating frequency, available equipment, struc-

ture and condition of pavement network, and other factors
must be considered in utilizing these recommendations.

Structural Evaluation (Surface Deflection)

Structural data are not routinely collected for pavement
monitoring by most of the agencies surveyed (only one of the
nine still does so; see Table 1). However, several agencies
use surface deflection data in designing and selecting specific
rehabilitation strategies for pavement segments. The follow-
ing definitions are relevant to a discussion on- surface
deflection measurements:

® Structural Adequacy. ‘*The ability of a pavement to sup-
port traffic without developing appreciable structural
distress’’ (I1).

® Nondestructive' Structural Evaluation. ‘‘Consists of
making nondestructive measurements on a pavement’s
surface and inferring from these measurements in situ
characteristics related to the structural adequacy or
loading behavior’’ (12).

Surface deflection measurements are obtained by using
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FIGURE 3 Pavement distress recording form (Washington Department of Trans:portation).
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TABLE 7
CURRENT PRACTICE FOR STRUCTURAL EVALUATION (SURFACE DEFLECTION)

Agency Comments
. Annual Dynaflect deflections at three locations per mile as
Arizona routine measure up to 1980. Now only used for design pur-

poses. Recently purchased a falling-weight deflectometer.
California Dynaflect deflections used in design but not in monitoring
system.
Florida Dynaflect deflections for design and some monitoring
purposes. Recently used a falling-weight-deflectometer in
a research study.
New York Deflection data obtained for research purposes only.
Ontario Data collected on selective basis only. Both the Dynaflect
and Benkelman beam have been used.
Road Rater deflections used to evaluate selected sections
Pennsylvania that have reached terminal serviceability (f]ex1b1e

pavements only).

U.S. Air Force
(CERL)

No single device used.
evaluation is presently based on measurement of field
“CBR" and "K" values, and various other material properties.

Structural

Utah

Dynaflect deflection measurements used to predict remain-
ing 1ife based on projected 18-kip loads.
mile with temperature corrections (candidate projects are
tested more extensively for overlay design).

One test per

Washington

Benkelman Beam deflections used for selected locations, but
not for routine monitoring.

'

three types of nondestructive tests: static deflections,
steady-state deflections, and impact load response 12).
Some examples of equipment associated with these tests are:

1. Static deflections: Benkelman beam; traveling deflec-
tometer; and plate bearing test (ASTM D 1196).

2. Steady state deflections: Dynaflect; Road Rater equnp-
ment (several models); Waterways Experiment Station
(WES) (vibrators); and FHWA deflection van (Cox).

3. Impact load response: falling weight deflectometer.

The types of equipment listed above are fully reviewed in
Moore et al. (12) and Bush (/3).

Table 7 provides a summary of current practices for struc-
tural evaluation. Only one agency (Utah) uses surface deflec-
tion data for routine pavement monitoring. On an individual
project basis, surface deflection data are commonly collected
and then utilized in the detailed design and rehabilitation

‘selection process. Most agencies use the Benkelman beam
and the Dynaflect; however, at least three agencies have
used the falling weight deflectometer equipment since 1979.
It appears that surface deflection data are not routinely col-

lected networkwide because of the associated high costs. In -

1980 the Arizona DOT eliminated the collection of such
data by the Dynaflect for this reason (G. Way, personal
communication).

\

Skid Resistance

Skid resistance data are routinely collected by eight of the
nine agencies (the U.S. Air Force collects such data on a
project-by-project basis). The following definitions are rele:
vant to a discussion of agency practlces for the measurement

of skid resistance:

® Skid Resistance. ‘‘The force developed when a tire that
is prevented from rotating slides along the pavement
surface’’ (14). '

® Hydroplaning. Separation of the tire and the pavement
surface by water (15). This tends to occur when there is
an abnormally thick layer of water on the pavement and
vehicle speed is high.

® Pavement Texture. Generates resistance to sliding and
facilitates expulsion of water from the tire-pavement
interface. ‘

® Pavement Microtexture. Fine texture of a bituminous
concrete surface; provides adhesion component of skid
resistance (15).

® Pavement Macrotexture. Coarse texture of a bitumi-
nous surface; provides escape channels for water, thus
providing for a large amount of the tire area to remain in
contact with the pavement surface (15).

® Texturing. Surface of portland cement concrete includes

v
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TABLE 8

CURRENT PRACTICE FOR SKID RESISTANCE

Agency Comments
Arizona Mu-Meter used for 500-ft in each mile of entire system
on annual basis. .
California Measured periodically with lTocked-wheel trailer
manufactured by K. J. Law, Inc.
Skid resistance measured with locked-wheel trailer.
Florida Approximately 35 to 40% of Interstate and pr1mary
network evaluated each year.
Skid trailer covers entire system about every 3 yr,
New York Test is conducted every 0.1 or 0.2 mi. Data used
separately, mostly in connection with accident surveillance
and analysis.
Ontario Skid resistance measurements made on selective basis.
Skid resistance measured with locked-wheel trailer.
Pennsylvania Measurements made on every other 250-ft segment, or

approximately 10 tests per mi. Data evaluated
separately from other condition information.

U.S. Air Force

Mu-Meter used approximately every 5 yr.

(CERL)
Utah Mu-Meter used on wet pavement. O0.1-mi sections measured
at every milepost (closer intervals where low SN measured).
: Skid trailer measurements made with locked-wheel trailer
Washington manufactured by K. J. Law, Inc. High accident lécations

are checked; T1-mi sections are routinely measured every
other year. Data considered separately., °

both fine and coarse- texture. Fine texture (grittiness)
results from sand in the cement-mortar layer. Coarse
texture produced by surface irregularity resulting from
the method of finishing (15).

The primary»reason\'for collecting skid resistance data is to
prevent or reduce skid-related accidents. The agencies use
the data in the following ways:

1. To identify the pavement segments with low skid
resistance.

2. To plan pavement maintenance and rehabilitation.

3. To evaluate various types of surfacing materials, mix
design, and construction practices.

Generally, the single value used to represent skid resis-
tance data is skid number (SN). This number approximates
the term more commonly known in physics as the ‘‘coeffi-
cient of friction.”” It is not strictly correct to say that a pave-
ment has a certain coefficient of friction (or friction factor)
because friction involves two bodies. For pavement applica-
tions, these two bodies are the pavement surface and vehicle
tires—both of which are extremely variable due to such fac-
tors as pavement wetness, vehicle speed, temperature, tire
wear, etc. ASTM E 274 is a test standard used to provide a
standardized measure of pavement skid potential (or skid
number).

The forces required to calculate skid number are usually
obtained with a towed trailer equipped with standardized
tires (in accordance with ASTM E 274); however, other mea-
sures of skid resistance are also used by some of the agencies
interviewed. )

‘There are at least three principal methods for measuring
skid resistance: (a) locked-wheel trailers, (b) yaw mode
trailers, and (c) the British Portable Tester. These methods
are separately identified and the characteristics (physical and
operational features) of each procedure are listed below.

1. Locked-wheel trailers
" a. Most commonly used skid testing device.

b. Two-wheel trailer with test wheel locked and lock-
'ing force measured. Pavement surface artificially
wetted. '

c¢. Standard tire with seven circumferential grooves is
used.

d. Test speed is normally 40 mph.

e. Some state DOT’s have developed their own Skld
“trailers.

2. Yaw mode trailer
a. Commonly used, commercnally avaxlable device is
the Mu-Meter.



b. Two wheels turned in opposite directions to create
transverse forces to estimate skid resistance.

¢. Trailer travels in straight line without restraining
mechanism. : .

d. Both wheels cannot be in wheelpaths; thus may indi-
cate higher friction than locked-wheel trailer.

3. British Portable Tester

a. Can be used in laboratory or field.

b. Uses a pendulum with a spring-loaded rubber shoe.
Pendulum drops and shoe slides over surface to be
tested. Determines a measure of friction. Results
reported as British Pendulum Number (BPN)
(ASTM E 303).

c. Results have not correlated well with those obtained
with locked-wheel trailers. '

Table 8 provides a summary of the current methods for
collecting skid resistance data. As shown in the table, the
locked-wheel trailer is the most common device used by the
nine agencies surveyed for this synthesis, and the Mu-Meter
is second. However, locked-wheel trailers are by far the
most commonly used skid-resistance measuring device used
by state DOT’s throughout the country (/6).

Other information made available by the agencies sur-

TABLE 9
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veyed indicates that skid-resistance data are not usually used
directly with other pavement condition: data in making main-
tenance and rehabilitation decisions. Such data are generally
treated separately to eliminate or reduce the amount of pave-
ment with potential skid hazards.

SAMPLING PROGRAMS

The sampling programs used by the agéncies to obtain the
four types of data vary substantially; however, some com-
mon characteristics have been observed.

Roughness

The sampling programs used to collect roughness data are
summarized in Table 9. The amount of pavement network
sampled annually varies from 100 percent for Arizona, Flor-
ida, and New York to approximately 25 percent for Ontario.
(The Air Force does not coliect roughness data on a routine
basis.) Generally, because of the type of equipment used,
such data are obtained on a more-or-less continuous sam-
pling basis. It also appears that the use of mileposts is a
commonly used data reference method. All the agencies in-
terviewed, except New York, hand-reduce the data for entry

~into computer files. In New York, a fully automated data

SUMMARY OF SAMPLING PROGRAMS TO COLLECT ROUGHNESS DATA

Time Required
: to Obtain Sample Data Reduction and
Percent of Network Interval of Total Reference Storage
Agency Sampled Sampling Network Size System Methods
3 mo/yr Recorded on strip chart;
Arizona 100% annually Continuous 5200 mi - plan to convert to
! automated processing.
’ ' ; : Data hand-reduced,
California 100% biennially - g.zmooéglf:nrzl:nr? Milepost keypunched, and edited
’ before computer storage.
_ Data hand-reduced,
Florida 100% annually Continuous 237000 lane mi Milepost | keypunched, edited, and
v report published.
Network divided Data recorded on
New York 100% annually into 137,000 Applrg)g.og ﬁ?/yr - magnetic tape. All
segments ! processing automated.
3-yr or annueal Data stored in central
Ontario cycles; approx. - Appf;’;‘og ':]?/ yr - computer file.
25% annually ’
-1 10% of Interstate, _ Milepost Data hand-reduced,
Pennsylvania | expressways, and - or keypunched, edited, and
major and minor _ stationing | stored in computer file.
arterials annually ’
Not collected -
U.S. Air Force | on a systematic - - -
(CERL) basis - ..
’ 3 mo/yr Data hand-reduced,
Utah 50% annually Continuous 5 E70 yni Milepost keypunched, edited, and
' stored in computer file.
B 3 mo/biennium Data hand-reduced,
Washington 100% biennially Continuous 8000 mi | Milepost keypunched, edited, and
B ’ stored in computer file.
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reduction and storage system is used. The length of time
required to obtain roughness data appears to be approximate-
ly 3 to 5 months (not necessarily including processing time).

Surface Distress

The sampling used to collect surface distress data are sum-
marized in Table 10. The amount of pavement network
sampled annually varies from 100 percent in Florida to 8
percent in Pennsylvania. In California and Washington,
samplings are conducted biennially. Sampling intervals
" (number of rating stops) range from 1000-ft2 (90-m?) areas
every ¥4 mi (0.5 km) (Arizona) to 500-ft (150-m) (Utah) or
100-ft long (Florida) segments every 1 mi (1.6 km). Thus,
according to the information supplied by the agencies, sam-
pling intervals of 1 mi (1.6 km) or less appear to produce
adequate results, and distress data are recorded for pre-
selected lengths of pavement segments.

As in the collection of roughness data, the use of mileposts

TABLE 10

is the most commonly used data reference method. Essen-
tially all agencies that' collect this type of data use key-
punched cards to enter the information into computer files.
The time required to collect the data varies from 12 months
(Arizona) to about 4 months (Ontario), and is a direct func-
tion of the amount of the network sampled and the personnel
and equipment resources available.

Structural Evaluation

The sampling programs used to collect surface deflection
“data are described in Table 11. None of the agencies, except
for Utah, routinely collects this type of data for pavement
monitoring; instead, the data are obtained on a selective '
basis (project by project). In Arizona, the practice of collect-
ing deflection data for monitoring purposes has recently been :
discontinued (G. Way, personal communication). Sampling
intervals for monitoring range from 1 to 3 test locations every
1 mi. For design purposes, most agencies obtain data at

SUMMARY OF SAMPLINC PROGRAMS TO COLLECT DISTRESS DATA

Time Required
to Obtain Sample Data Reduetion and
Percent of Network Interval of Total Reference Storage
Agency Sampled Sampling Network Size System Methods
. 2 Data hand-reduced, then
. ' 1000 ft° area 12 mo/yr . : ’
Arizona 40% annually each 1/3 mi 6,200 l'gl Milepost ?itlc;red in computer
" Flexible: min.
300-ft section . . Data hand-reduced,
California 100% biennially per mi; rigid: i7m0<:)/(l)) 11221?::; Milepost |keypunched, and edited;
every panel with ’ then entered into computer
1st, 2nd, and 3rd file.
degree cracking-
. " | Data hand-reduced -
. 100-ft section - ooy,
Florida 100% annually per mile 33,000 lane mi - keypuncheq, edited, and
report published.
Not collected- -
New York on a systematic = - -
basis -
3-yr or annual Data stored in central
Ontario cycles; approx. - Applr; );03 rr:;)/y S - computer file,
55% annually ’ .
. - Milepost Data keypunched,
Pennsylvania | 8% annually - or edited, and stored
: - stationing |in computer file,
’ Principal airfield One sample Entered into
U.S. Air Forcel features sampjed unit = 20 - Physical automated file,
" (CERL) (runway, ete.) slabs (rlglg) features |then processed by
or 5000 ft _ computer.
(flexible)
. Data hand-reduced,
Utah 50% annually 5gg-rtr']tnseectlon : ;,;8/ ?an Milepost keypunched, edited, and
per. ' stored in computer file.
. . S Data hand-reduced,
Washington 100% biennially 200-ft'lsectlon 3 %‘%/(?(;e;'."um Milepost keypunched, edited, and
per mile ' ! stored in computer file.

8performed at intervals of 6 months to 5 years based on pavement conditions.
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SUMMARY OF SAMPLING PROGRAMS TO COLLECT STRUCTURAL EVALUATION DATA

Time Required
to Obtain Sample Data Reduction and
Percent of Network Interval of Total Reference Storage
Agency Sampled Sampling Network Size System Methods
Data hand-reduced from
T
Arizona 40% annually pg;'er:i}:sts 16?281(? /g;f Milepost goding form fpr storage
in computer file,
Not collected -
California .on a systematic . - - -
basis -
Not collected -
~ Florida on a systematic - - -
basis : ~
Not collected -
New York on a systematic - - -
basis © -
Deflection
measurements Data stored in
Ontario made on selective - 2501;nzgod;yl/yr - central computer
basis; approx. ’ file.
20% annually
Survey conducted on - Milepost Data hand-reduced,
Pennsylvania | pavements that - or keypunched, edited, and
have reached TSI : - stationing |stored in computer file.
(approx. 5%/yr)
Several bases -
U.S. Air Force | surveyed - - -
(CERL) annually -
~ ' Data hand-reduced
One test 5 mo/yr . 4 ce
Utah 50% annually every mile 5,570/¥ni Milepost keypuns:hed, edited, fmd
stored in computer file.
Not collected -
Washington on a systematic - - -
basis -

substantially shorter intervals. The data are generally hand-
reduced onto keypunched cards for computer storage.

Skid Resistance y

The sampling programs used to collect skid resistance data
are summarized in Table 12. The amount of a pavement
network sampled in a year varies from approximately 67
percent (Arizona) to 33 percent (New York). Most of the
other agencies sample pavement network annually at per-
centages that fall between these upper and lower values. The
sampling intervals vary considerably. Data are collected at
frequencies of 1 mi (1.6 km) or less. Because most agencies
use locked-wheel or Mu-Meter trailers, the length of pave-
ment actually tested ranges from approximately 250 to about
500 ft (75 to 150 m). Data reduction and storage procedures
include both highly automated systems (Arizona) and place-
ment on keypunched cards for entry into computer files.

COSTS

The costs of collecting and processing pavement condition
data include (a) program development costs (usually a one-

time or infrequent charge) and (b) data collection and pro-
cessing costs (an annual charge). .

Program Developmeni Costs

Determining program development costs is difficult. Fre-
quently the funds for developing data collection, processing,
and analysis systems may come from several sources and be
expended over several years. In addition, such development
work may be tied to other research-related topics, thereby
making it difficult to determine separate, distinct charges
associated with specific areas. Some agencies have devel-
oped programs using in-house personnel; whereas other
agencies have used consultants' (private and university).
Washington used consultants in early development work and
then switched primarily to in-house development. In Ari-
zona, a consulting firm has been employed throughout PMS-
development efforts.

Among the agencies surveyed for this synthesis, develop-
ment cost information was provided only from the USAF
(CERL) system ($162,000) and agencies in Washington
($250,000) and New York ($450,000). These costs have not
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been adjusted for inflation or scope and, therefore, are not
necessarily directly comparable. The development costs in
Washington amount to a one-time charge of about $30 per
mile ($19/km). About 20 percent of New York’s annual pro-
duction budget is devoted to continuing development.

Data Collection and Processing Costs

Data collection and processing costs tend to recur on a
fixed frequency of every 1 to 2 yr. The nine agencies were
asked to provide costs based on actual or estimated 1979
expenditures (approximate base year) in the following cate-
gories: personnel, travel, equipment, data processing, mis-
cellaneous, and indirect costs. The agency responses are
summarized in Table 13. Also provided in this table are the
approximate percentages of the total costs directly attributed
to the four types of data collected: roughness, distress, struc-
" tural (deflection), and skid resistance.

As shown in Table 13, the annual costs of obtaining pave-

ment condition data for monitoring purposes ranges from
“about $12 to $50 per center-line mile ($7 to $15/km). (Note
that the figures for Arizona include the cost of the discon-
tinued practice of collecting deflection data, which accounts
for one-half of the annual costs per mile.) The percentage of
the total costs attributed to each type of measurement is

TABLE 12

difficult to determine because the various agencies place dif-
ferent emphases on and use different methods for each type
of data collected.

USE OF PAVEMENT CONDITION DATA

Most of the agencies surveyed use pavement condition
data in one or more of the following ways:

1. To establish priorities (priority programming). Select-
ing projects to be done on a yearly basis.

2. To determine maintenance or rehabilitation strategies.
Selecting work (seal coat, overlay, recycling, etc.) to be done
on a project-by-project basis. ’

3. To predict performance. Projecting future pavement
performance in order to prepare long-range budgets or to
predict future pavement conditions given a fixed budget. +

The use of pavement condition data by each agency inter-
viewed is shown in Table 14. Immediately evident is the fact
that each agency does use the information in one or more
ways; thus the data are not just collected and then forgotten.
The following sections summarize the uses of the data by
the nine agencies surveyed. (See the appendixes for addi-
tional information.)

SUMMARY OF SAMPLING PROGRAMS TO COLLECT SKID RESISTANCE DATA

i Time Required
to Obtain Sample Data ‘ Reduction and
Percent of Network Interval of Total Reference Storage
Agency Sampled _Sampling Network Size System Methods
0.1-mi section 4 mo/yr ' Data stored on
Arizona 67% annually every mile (both 5200 ¥ni Milepost cassette tape; then
directions) ' : to computer file,
- Data hand-reduced,
California 50% annually - — - keypunched, edited, and
. 45,000 lane-mi entered in computer file.
40% annually for - ’
Florida Interstate and - 33.000 lane-mi - -
primary ’ <
Test done ever - .
New York 33% annually 0.1 to 0.2 mi y 16.880 mi - N -
Skid measurements 400 —da
Ontario made on selective - 1?230 m};/yr - -
basis; approx. 9%/yr . ’
50% annually Ten 250-ft - Data hand-redug:ed,
Pennsylvania | for Interstate sections every Milepost keypunched, edited, and
system mile - stored in computer file.
| Each base surveyed -
U.S. Air Force | approximately - - -
(CERL) every 5 yr -
Utah 50% annually 0.1-mi sc.action 3 mo/y L Milepost I?:;;uzac?gc;,eggic;%, and
every mile 5,570 mi stored in computer file.
1.5 mo/yr Data hand-reduced from
Washington 50% annually - 8 000 mi - paper tapes to coding forms;
’ then keypunched and edited.
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ESTIMATED COSTS FOR COLLECTION AND PROCESSING OF DATA (APPROXIMATE 1979 BASIS)*
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‘Agency Costs ($)
* Item '
.. b e C d USAF ' e
Ariz, . . . . . .
r Ca11f Fla N.Y Ont Pa (CERL) UFah Wash
Costs i : i
Personnel 190,000 - 48,800 | 132,000] 45,000 368,500 - 75,000 82,800
Travel 43,000 - 9,600 14,000| 6,000 84,000 - 5,000 18,890
Equipment 38,000 - 36,400 12,300( 90,000f | 103,000 - 8,000 29,400
Data Processing 12,000 30,000 24,000 - 10,000 9,000 - 5,600 -
Other 15,000 - - 42,000( 19,000 - - 800 -
Indirect Costs 15,000 - 18,200 - 15,000 238,600 - - 26,210
© Total Costs 313,000 372,700 | 137,000 | 200,300(185,000 803,100 | - 94,400 | 157,300
Mileage Surveyed
(center-line mileage 6,200 15,300 33,000 16,880 13,400 -9 - 5,070 8,000
unless noted) lane mi
Annual Cost/Mile: 50 24 - 12 14 - - 19 20
Data Type Percentage of Total Annual Collection and Processing Costs
for the Four Major Types of Measurements
Roughness 10 - - 100 - 3 - 20 28
Distress 25 - - - - - - 30 39
Structural (Deflection) 50 - - - - 25 - 30 0
Skid Resistance 15 - - - - 44 - 20 33

3costs are not directly comparable because

Beosts based on previous surveys that include costs of deflection data.

Cestimated costs for biennial survey.

c'Costs of pavement serviceability system only.
CEstimated costs.

fIncludes complete Dynaflect services.
gMﬂeage surveyed varies with type of data.

Arizona

Pavement condition data are used in Arizona for a variety
of purposes including priority programming, overlay design,
and performance prediction.

Priority programming entails the development of a priority
list of potential projects without initial concern as to the
specific type of rehabilitation or maintenance needed. Inten-
sive studies are then conducted to select the type of work
required. Each project is rated for condition, and a priority
score, which is a function of cracking, ride, deflection, skid
resistance, age, and average daily traffic, is calculated.

Dynaflect deflection data are used with the California
overlay design procedure to determine required overlay
thicknesses. Pavement designers also review ride and crack
data to determine the need for a leveling course and/or spe-
cial treatment to prevent reflection cracking. If the data indi-
cate poor highway ride, the designer may consider a 1- to

.3-in. (25- to 75-mm) leveling course. If cracking is greater
than 10 percent, specialized treatment such as rubberized
- asphalt or heater scarification may be included in the design.
A pavement management information system (PMIS) was

established in Arizona in 1975. The overall goal is to system-.

TABLE 14

of differences in scope of data collection programs.

PRESENT USES OF PAVEMENT CONDITION DATA

Establish Selection of

Priorities Maintenance-

(Priority |Rehabilitation |Performance
Agency Programming) Strategy? |Prediction
Arizona DOT [ ® o
California DOT o ®
Florida DOT ®
New York 0OT ® @®.
Ontario MTC [ ] o
Pennsylvania DOT o o
U.S. Air Force [ J o

(CERL)

Utah DOT ® o o
Washington DOT ® @ o

3 ncludes overlay design.
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atically manage the state pavement network at or above an
acceptable level and at a reduced cost. To accomplish this
task, both individual project and network optimization pro-
cedures are being developed. Currently the PMIS is well-
developed and being implemented on the project level.
Future development work will be oriented toward network
optimization. On the project level, previous condition data
have been used to develop predictive equations, which are
used to predict future roughness, cracking, skid resistance,
and, consequently, by means of utility theory, the optimal
strategy for each mile of highway for each year.

California

Pavement condition data are primarily used to assist in
determining candidate project locations and pavement reha-
bilitation strategies and in establishing priorities for these
projects. The information is further used to recommend pro-
gram levels to Caltrans top management. The selection of
specific rehabilitation strategies is keyed to preselected types
and measures of distress and ride quality.

Florida

Pavement condition data collected in Florida are primarily
“used for priority programming. The key procedure in accom-
plishing this task is the computation of various rating scores.
The scores are primarily a function of observed distress,
roughness, and other highway operational and physical char-
acteristics. Rating scores for all pavement segments are ad-
justed to a value ranging between 1 and 100 to establish
priorities for individual projects.

New York
The uses of ride data include:

1. Estabhshmg yearly priorities for maintenance and reha-
bilitation to serve as a basis for equitable distribution of
resources among the 10 regions;

2. Identifying past and future performance trends; and

3. Determining the effects of known maintenance actions
on these performance trends.

Distress and structural behavior (collected by regional
forces) are considered in explaining good and bad perform-
ance and in making decisions on the scope of the work to be
performed. Skid resistance and photolog systems exist
independently and serve other management and mventory
functions.

Ontario

Pavement condition data are used for priority program-
ming and the selection of rehabilitation and maintenance
strategies. Priority programming is a function of the pave-
ment condition rating (PCR). The PCR is used to determine
if a pavement section should be placed on a preliminary
program listing, and also to compile a list of projects to be
completed in the next 1, 2, or § yr. When the priority of a
specific project changes from a 5-yr to a 2-yr program and

then to the final program, the rehabilitation designs are ex-
amined and costs are determined. Decisions on specific proj-
ect designs are based on the availability of funds and other
factors. .

The pavement condition survey is used to identify struc-
tural deficiencies and thus is used in rehabilitation design.
This information has also been used in the identification of
maintenance requirements and the selection of corrective
measures.

The pavement management feedback and information
system (PAMFIS) currently being used in Ontario makes
design, construction, maintenance, and performance infor-
mation available on a project basis. In addition, an overview
of the pavement network can be obtained. Benefits of the
system include:

1. Use of rational engineering and economic procedures in
the development of plans and programs,

2. Ability to forecast highway network conditions as ﬁscal
direction and economic development change.

3. Ability to maximize the use of available funds.

Future PAMFIS development work will include procedures
to optimize the cost of rehabilitation of all pavements in this
network. The goal is to set priorities for projects by year with
specific rehabilitation design details.

Pennsylvania

Information from the data collection process is used to
identify pavements most in need of rehabilitation (or

resurfacing) and to perform overlay design analysis. Distress

data obtz;jned from trained observer surveys are used to
monitor statewide highway conditions, and as part of the
formula used to allocate a portion of the maintenance funds
to counties. Roughness data are used to obtain PSI values for
individual pavement segments. This information is then com-
pared to terminal serviceability index (TSI) values pre-
selected for various pavement categories (maintenance func-
tional codes) in order to identify pavements in need of
rehabilitation. After the initial segment identification, both
deflection and distress data may be used to assist in selecting
the proper overlay thickness or rehabilitation strategy.

U.S. Air Force (CERL)

The data are used primarily to determine the maintenance
and rehabilitation needs of airfield and highway pavements.
The resulting pavement condition index (PCI) is used in
selecting the appropriate strategy. Local base personnel
usually collect the appropriate condition data. The data are
also being used at USAF headquarters to develop a 7-yr
airfield pavement improvement plan.

Utah

The data are used for a variety of activities, including ‘
priority programming, establishing rehabilitation strategies,
and prediction of performance. Eventually the data will be -
used in a pavement management program.

Detailed data sheets and condition-versus-time plots are



generated for each pavement. Priority lists for each of the
four basic types of data are published. These documents
are used by district personnel to establish the type of main-
tenance or rehabilitation required for individual highway
segments.

Washington

In the past the data were used principally for priority pro-
gramming. However, with the amount of data now being
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acquired, performance history and future performance pro-
jections are being developed. These projections will be used
to prepare recommendations for scheduling future highway
maintenance and rehabilitation. The data will also be used to
tabulate rehabilitation strategies and total costs for a system
(or district) of pavements. This information will provide ad-
ministrators with the necessary information for planning and
budgeting in the overall maintenance of the state highway
network.

CHAPTER THREE

PROBLEMS WITH PRESENT DATA COLLECTION SYSTEMS

TYPES AND EXTENT OF PROBLEMS

Several types of problems encountered during the data
collection and analysis process have been reported, includ-
ing difficulties associated with equipment, manpower; sea-
son of year in which data are collected, and data processing.

Problems With Equipment

Table 15 summarizes_the problems reported by the agen-
cies regarding equipment. By far the biggest problems appear
to be equipment calibration and maintenance. The output of
the car ride meters varies considerably in relation to the
suspension of the car used. Most agencies have relied on test
sections to calibrate ride meters by using either a GM profil-
ometer or panel ratings. However, the test sections can also
vary from year to year (9). Arizona is presently experiment-
ing with a bump simulator to calibrate vehicles in the labora-
tory. Research at the University of Michigan (I7) indicates
that an easily constructed bump or roughness simulator can
be used in the field for ride-meter calibration.

Deflection devices, when used to monitor state road
systems, have caused problems. In Arizona, it was found
that the Dynaflect is not always precisely calibrated and its
weight and dynamic load can vary from machine to machine.
Downtime has also been a problem in the use of the Dyna-
flect. In Arizona, the cost of upkeep for two Dynaflects is
estimated to be about $20,000 per yr for parts and labor.
Similar expenses for maintaining Dynaflects have also been
reported in Utah. The other agencies use only deflection data

to establish overlay techniques and have not reported equip- .

ment maintenance to be a major problem.
There have been few reported problems with skid test
equipment. '

Manpower Problems

Table 16 summarizes the major manpower problems re-
ppned by the agencies. As indicated in the table, most of the

problems concern training, motivation of personnel, and ob-
taining sufficient staff.

For management systems requiring distress data, training
of personnel is necessary in order to eliminate subjectivity
and ensure consistent data (both extent and severity). In
Arizona, a cracking guide is used to ensure consistent data
(see Figure A-1in Appendix A); the rater observes the pave-
ment cracking condition and selects a photograph that most
closely matches the pavement condition. The agencies in
California, Florida, Ontario, Utah, and Washington also rely
on standard pavement condition evaluation forms. Washing-
ton reports that even though raters study color slides of all
types of distress and are trained on actual pavement sections
with veteran crews, ratings are often inconsistent.

Motivation of personnel was reported as a problem, partic-
ularly in collecting consistent data in an efficient manner. In
Arizond, employees who collect data currently work 4 10-hr
days per week. California reports that the repetitive nature of |
the job makes if difficult to motivate personnel. In New
York, data (primarily roughness) are collected and analyzed
with automated equipment, which eliminates some of the
repetitive nature of the job; as a result, there do not appear
to be any problems with motivation. Pennsylvania reports
motivation is difficult to achieve because of extensive travel
by personnel. ;

Obtaining sufficient staff to do the needed work is also
reported to be a problem in several agencies. Arizona has
difficulty in obtaining sufficient personnel to operate the
pavement management system. Florida reports frequent per-
sonnel changes, which may be the result of a lack of motiva-
tion among personnel. Ontario reports a shortage of man-
power to conduct surveys.

Season of Year for Collection of Data

The season of year during which pavement condition data
are collected has a significant influence on the data (distress,
ride, deflection, skid resistance) and thus on the decisions
based on the data.

!
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Arizona reports seasonal variations to be a problem in the
calibration of ride meters. There is a definite need for devel-
opment of a laboratory or other standard system for calibrat-
ing ride meters. Utah reports that temperature and/or sea-
sons of year affect ride and deflection data; methods are
presently being developed to treat these variations. Washing-
ton reports that selection of a uniform time of year is essen-
tial as ratings can vary with season of the year; biennial

TABLE 15
' EQUIPMENT PROBLEMS

surveys are usually started in March and completed in June.

Because of the short time period for producing reports,
ratings must be started as early as possible to develop the
budget for the following year. In Utah, the data collection
process is usually started in May so that reports can be ready
by November. Improved data collection and processing
techniques would considerably reduce the time required to
collect data and prepare reports.

Agency Ride Meters Deflection Skid Equipment
ARIZONA Ride-meter data varies Dynamic load for - No reported )
with car suspension, the Dynaflect varies equipment
or from year to year. from machine to mach- probliems.
Currently experimenting ine. Downtime has
with a laboratory been a problem. Back-
calibration device, up equipment is recom-
mended.

CALIFORNIA | Ride-meter data varies
from year to year.

FLORIDA Ride-meter data varies No reported
from year to year. Stand- equipment
ard calibration is needed. problems.

NEW YORK No problems with pre-

sent system. Year-to-
year variations with
car suspension account-
ed for through cali-
bration process.
ONTARIO Calibration of ride Used only when overlays
meters to ensure con- are needed and for mon-
sistent results. itoring on a selected
basis. No problems.
PENNSYL- No reported problems Road Rater is not used
VANIA with ride meters. on concrete pavements
or asphalt pavements
with cement-treated
base.

U.S. Air No problems No problems reported. No problems

Force reported. : : reported.

(CERL)

UTAH Ride equipment needs Dynaflect deflec- Mu-Meter must
to be calibrated tion equipment needs - be calibrated
periodically. to be calibrated peri- | periodically.

odically. Equipment
maintenance is a
problem.

WASHINGTON No problems No problems reported. No problems
reported. reported.
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AGENCY REPORTED PROBLEMS
ARIZONA (1} Training of personnel (inconsistent data)
(2) oObtaining sufficient staff
(3) Motivation
CALIFORNIA (1) Training of personnel (inconsistent data)
(2) Motivation
FLORIDA (1) Training of personnel (inconsistent data)
(2) Frequent personnel changes
NEW YORK (1) Training of personnel (data quality)
ONTARIO (1) Shortage of manpower to conduct surveys
: (2) Training of personnel (inconsistent data)
PENNSYLVANIA (1) Motivation
(2) Scheduling
U. S. Air Force (1) None reported
(CERL) .
UTAH (1) Training of personnel (periodic rev1ew)
‘ (2) Obtaining sufficient staff
WASHINGTON (1) Training of personnel (inconsistent data)

Data Processing
Problems have been noted in the following areas:

® Time requirements,

e Referencing techniques,

® Variations in pavement ratings from year to year, and
® Need for computer specialists.

Table 17 summarizes by agency the types of data process-
ing problems reported. Three agencies (Arizona, Ontario,
and Utah) report that the time required to process and report
the data needs to be shortened. Automation would definitely
shorten the time required for processing and improve the
chance for acceptability by management.

Referencing of data was reported to be a problem in Utah
and Washington. Difficulties can arise if the positions of
mileposts change because of road realignment. A milepost
equation in the computer program can alleviate this problem.

Pavement ratings can vary from year to year as a result of
equipment and/or procedures used. During the development
of the pavement rating system in Washington, variation of
data from one year to the next was found to be a significant
problem. This~has become less of a problem because of im-
proved equipment and procedures, but could cause difficulty
for an agency just beginning to develop a rating system.

Finally, several states (Arizona, California, Pennsylvania,

Washington) indicate that data processing requires a knowl-
.edgeable computer specialist. Other agencies indicate that
access to computer systems has been limited.

FURTHER OBSTACLES

Not all problems are associated with data collection and
processing. Additional difficulties occur in the areas of im-
plementation and communication.

Implementation

Collecting and processing data appear to be less of a prob-
lem than getting people to use the data in making decisions.
The most effective use of pavement data is made by those
aagencies that have the support of top-level management.
Without total support by management, any program would
be difficult to implement. Suggestions to ensure the effective

use of data include: A

1. Clearly define goals and objectives for the data collec-
tion effort or its elements.

2. Establish an organization to involve the needed disci-
plines (research, design, construction, maintenance, policy,
and programming).

3. Provide clear documentation of work achleved and
show the expected benefits.
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TABLE 17
DATA PROCESSING PROBLEMS

Agency Problems
i Arizona . (1) 'Excessive time requirements
(2) 'Need for computer specialist
California - (1) No brob]ems reported, but need a computer
specialist to manage data,
Florida (1) No problems reported
New York ’ (1) No problems reported
< Ontario (1) Data processing at central office causes access
. by regions to be slow
Pennsylvania (1) Need a computer speciélist to manage data.
(2) Independance of different units makes it diffi-
cult to coordinate all available data !
U.S. Air Force (1) No problems reported
(CERL)
Utah . (1) The time frame to get reports out is short
(2) Data processing would be improved if automated
(3) Milepost changes lead to difficulties in compar-
ing results from one year to another
; Washington (1) Aligning pavement ratings from year to year
(2) - Coordinating all data files
(3) Milepost changes can lead to difficulties

4. Budget properly to get work done (both time and
money).

5. Involve top-level management at an early date and ob-
tain a long-term commitment.

6. Obtain, update, and modify, as necessary, feedback to
design, construction and maintenance to assure that the data
are usable.

Communication

To attain early success, communication at all levels is
necessary. All parties in the development process must be
involved.

1. Involve the users of the information. Find out what
output is needed to make decisions and the level of detail
" required.

2. If the system is centralized, ensure that all districts and

divisions feel they are involved in the development of the

program.
3. Determine that the program is flexible and can accom-
modate changing attitudes. -

IMPACT OF PAVEMEN'¥ CONDIT‘ON DAfA ON
PAVEMENT MANAGEMENT COSTS

Although much effort has been devoted to the develop-
ment of data collection and processing procedures, little has
been done to show the impact of this effort on costs of pave-
ment management. '

In order to involve more people in pavement evaluation
(and pavement management), evidence is needed that pave-
ment data collection and processing systems have a positive,
beneficial impact. The existing systems cost from $200,000 to
$500,000 to develop and from $100,000 to $200,000 or more
per yr to operate. The savings that accrue to the agencies
from the use of such systems must be demonstrated. Only
two agencies (California and New York) require pavement
ratings for the allocation of maintenance dollars.

Answers are needed to the following questions:

® How can the impact of pavement condition data (or cost
effectiveness) be determined?

® Are existing systems affecting the management of pave-
ments in a positive manner? If so, what savings or bene-
fits can be expected?
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CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

The following conclusions are based on the current prac-
tices of a selected group of agencies for collecting pavement
condition data used in mamtenance and/or rehabilitation
decisions.

1. Most of the agencies surveyed collect ride and/or dis-
tress data to inventory road systems. Deflection data are
used routinely by only one of the nine agencies surveyed.
Skid resistance data are considered separately for safety.
The specific types and methods of data collection vary with
each agency.

2. Ride, deflection, and skid resistance data are collected
with equipment; distress data are obtained from visual sur-

veys. Most of the information is hand-processed for com- -

puter storage for use in making maintenance and/or
rehabilitation decisions. Of the agencies interviewed, only
New York has a fully automated data collection and process-
ing system (roughness).

3. The data are normally used to develop:

e Yearly work programs. The pmJects that need to be
maintained first. '

e Yearly action plans. The maintenance or rehabilita-
tion strategies needed for the identified projects.

e Future budgets to maintain pavements at a given
condition.

e Future condition given a fixed budget.

4. Most of the agencies evaluate pavement condition on'an
annual, biennial, or triennial basis.

5. The costs of data collection and processing range from
$12 to $50 per center-line mile ($7 to $15/km). Program devel-
opment costs range from $200,000 to $500,000.

6. Numerous data collection and processing problems
have been identified. Most can be overcome through careful
planning and good engineering. Perhaps the most significant
. problem concerns implementation. Implementation is not

possible without top-level management support and the
knowledge that the collected, processed, and reported condi-
tion data are meeting a genuine need in the management of
pavements.

7. The current practices with respect to the collection and
use of pavement condition data are dynamic and undergoing
constant change in an attempt to approach true pavement

-management. This trend is expected to continue.

RECOMMENDATIONS

For agencies about to embark on a program for the collec- '
tion and use of pavement condition data, the following proce-
dures are recommended:

1. Develop improved data collection processes. Reliable
high-speed methods are needed to reduce data collection
costs. New equipment should be fully automated to reduce
processing time. Rational decisions cannot be made without
meaningful data; data should be contmually evaluated in
order to attain consistency.

2. Develop rational sampling programs. It may not be
feasible to sample every road each year. If this is the case,
sampling programs should be developed accordingly.

-3. Keep data storage and processing as simple as possi-
ble. If pavement condition data are to be used effectively,
data processing should be simple and streamlined in order to
make the data available for decision making. The data must
be easy to access and easy to alter.

4. Develop useful prediction models. For systems requir-
ing prediction models, factors that affect performance should
be included. Prediction models developed by other agencies
are often not transferable.

5. Denfonstrate impact. An early indication of the benefits
of the developed system is important. This has been a weak-
ness in most agencies and may be one reason why more
agencies are not systematically . collecting and using pave-
ment condition data.

6. Encourage communication. The continued involve-
ment of and feedback between developers and users ensures
successful implementation of a system. Cooperation is the
key and must involve management, research, design, main-
tenance, etc. . \

RESEARCH NEEDS

The following topics are recommended for further re-
search and development:

e Development of high-speed cost-effective equipment to
enable consistent measurement of surface distress and pave-
ment deflection. '

e Improvement in the handling and processing of pave-
ment condition data.

e Definition and demonstration of impact of the use of
pavement condition data in an overall system.
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APPENDIX A

ARIZONA—CURRENT PRACTICE

The following information was obtained at a meeting with
George B. Way, John Eisenberg, and John C. Burns of the
Arizona Department of Transportation in December 1978,
and was reviewed by George B. Way in March 1980.

TYPES OF DATA COLLECTED

Four basic types of data are currently collected to monitor
approximately 6,200 mi of paved roadway (200 mi are port-
land cement concrete). The monitoring system includes the
following measurements of distress (J8): ride, skid resist-
ance, deflection, and cracking.

Ride
In 1972 the DOT began using a Mays meter to monitor the

state highway system. At the present time, the roughness of -

every mile of state highway is measured annually. It takes
about 3 months to physically inventory the entire 6,200 mi of
highway and an additional 3 months to interpret the data. The
roughness is recorded on a strip chart recorder that requires
considerable “data processing. Conversion to a micro-
processing unit is planned in the near future.

Skid Resistance

Since 1973 skid tests have been conducted with a Mu-
Meter—an English device that measures the side friction
force generated between the test surface and two pneumatic
tires set at a fixed angle to the line of drag. '

The output of the test is recorded on a strip chart. The
recorder image. represents the skid number sensed by the
device as it is dragged across the pavement. Tests are cur-
rently performed at each milepost of the state highway for a.
distance of about 500 ft. For each test the high, low, and
average skid numbers are determined and recorded. The
number is determined in both directions for all roads but only
for the inside wheel track of the outer lane of freeways. The
physical inventory requires about 4 months to complete; data
reduction and entry into computer storage require another 4
months. It is hoped that a more efficient method of convert-
ing the analog data to digital form can be implemented.

Deflection

The Dynaflect has been used to monitor deflection since
1972. This device is a dynamic force generator that imparts
* a1,000-1b oscillating load to two steel wheels. Five geophone
sensors are used to record the deflection. Each geophone
deflection is recorded on a coding form as the test is being
conducted in the field. The deflection inventory consists of
measuring deflection every 1 mi as well as every ¥3 mi; thus
three deflection tests per mile are recorded. The Dynaflect is
used in the outer wheel track of the outer lane in both direc-

tions. Approximately 2.5 yr is required to complete the de-
flection inventory for the entire state system. Coding work
takes approximately 3 more months. Starting in 1980, the
Dynaflect is to be used for design only.

' Cracking

A cracking and rutting survey was initiated in 1973. In this
procedure, at each milepost the rater selected a 1,000-ft2 area
and recorded cracking information in terms of area cracked-
and length and width of cracks. This process was laborious
and the resulting data log too complicated. No further dis-
tress inventories were attempted until 1977 when a new crack
rating guide was developed. This guide made use of informa-
tion generated during the course of a research project on
reflective cracking. In this project, cracked highways were
photographed, the percent cracking was determined by a .
method developed in the study, and a cracking guide was
developed that was used by raters to estimate percent crack-
ing. The cracking guide is shown in Figure A-1. To use the
guide, the rater observes the pavement cracking condition
and selects the photograph that most closely matches the
pavement condition. Two crews are capable of evaluatmg the
entire system within 4 months.

DATA REDUCTION AND STORAGE

Pavement inventory data are hand-reduced on standard
coding forms keyed to milepost, keypunched, and edited
before filing in the computer. Table A-1 summarizes the data
records since 1972. Research is under way to develop an
automated system for the Mu-Meter to record skid numbers,
location, and direction of traffic on a cassette tape. The data
would be directly entered into computer storage, thus re-
ducing the amount of hand labor necessary to complete the
annual inventory.

TABLE A-1

SUMMARY OF DATA RECORDS SINCE .
1972

Property . Number of Data Records
Ride 60,000

Skid 35,000

Deflection 69,000

(fracking 25,000

Rutting 5,000




FIGURE A-1 Cracking guide (Arizona).
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TABLE A-2

ESTIMATED COSTS

1978 - 79% 1979 - 80
Personnel ~ $190,000
Travel 43,000
Equipment Rental 38,000
Other 15,000
Data Processing 12,000
Indirect Costs 15,000

$260,000 $313,0000

about $42/mile  about $50/mile

3Breakdown of costs not available..

bEst‘imated breakdown for 6,200 miles:
50% Dynaflect, 15% skid resistance,
10% ride, and 25% distress.

The DOT has been able to complete the annual inventory
for ride each year. Inventories for skid, deflection, and
cracking have been fully completed for only 1 yr. Partial
inventories of these measurements range from essentially no
data to as much as 75 percent of the system.

The estimated costs for the data collection and data reduc-
tion are shown in Table A-2. Costs are calculated to be ap-
proximately $50 per mile. Approximately 50 percent of the
total costs is for Dynaflect measurements, completed on
about 40 percent of the roads; 15 percent is for skid, com-
pleted on about 75 percent of the roads; and 10 percent is for
the Mays meter, completed on 100 percent of the roads.
Future costs of inventory and monitoring of the roads are
expected to increase about 10 to 15 percent per yr. Seventy
percent of the funding is provided by the HP & R monies.

PROBLEMS ENCOUNTERED

1. The ride meter data vary considerably depending on the
suspension of the car used. Test sections were developed to
calibrate these systems, but even the test sections included

.some variations. As the cars change from year to year, this
expected difference is taken into account through the test

sections. The DOT is now exf)erimenting with a bump simu-

lator for calibrating vehicles in the laboratory.

2. The Dynaflect is not always calibrated, and its weight
and subsequent dynamic loading may vary from machine to
machine. Downtime has also been a problem with the Dyna-

flect. The cost of upkeep runs about $20,000 per yr for parts

and labor. Backup equipment is recommended.

- 3. The effects of seasonal variations on calibration can be
a problem, particularly with the Mays meter. These effects
must be considered and emphasize the need for developing a
laboratory system for calibrating ride meters.

4. Although training of personnel has not been a serious
problem, obtaining sufficient staff to operate the total system
has been an issue. With respect.to training, it is important to

eliminate rater subjectivity as much as possible and provide:

some method of motivating personnel to ensure that the data

are collected in an efficient manner. Workweeks of 4 10-hr
days have been suggested. :

S. It takes longer to reduce the data than to obtain the
data. The time period needs to be shortened if the data are to
be collected during the summer for use in planning the next
fiscal year’s budget.

SAMPLING PROGRAM

Approximately 6,200 mi of road are monitored each year.
Ride meters are uscd to monitor roads continuously on an
annual basis. The actual mileage and the portion of mileage
tested are given in Table A-3.

To collect skid resistance data, 500 ft per mile is tested
annually in both directions on two-lane highways and free-
ways (the outer lane only). About two-thirds of the total

‘system can be covered each year. For deflection and crack-

ing data, three tests per mile are conducted. Only 40 percent
of the total mileage is' completed each year.

TABLE A-3

NUMBER OF LANE-MILES MONITORED

Property Mileage Tested Lane-Miles
Ride Both directions for

freeways (outer lane only);

one direction for highways 7,200
Skid . Both directions, inside

wheel track, for highways and

freeways (outer lane only) 12,000
Deflection Outer lane, outer wheel a

track; 3 readings per mile 6,200
Cracking Three observations per

mile (1000-ft areag

6,200

aCur‘rent:]y used for design purposes only.

USE OF DATA

Priority Programming

For a number of years, pavement condition data were used
for programming purposes to develop a priority score for
maintenance and rehabilitation. The priority score currently
used is as follows:

. 100
Priority score = 40 log (cracking) + —— + Dynaflect
) Mays
meter

1000 ADT
—_ ¢+ —_—
Mu-Meter AGE + 500

(Thickness —2) +
Each project is rated for condition, and priorities are estab-
lished according to the above formula. This priority-ranking
formula has been used since 1972 to identify yearly needs.
Once identified, more intensive studies are undertaken to
assess what type of maintenance is needed.



TABLE A-4

PAVEMENT PERFORMANCE PREDICTION MODELS
@3) .

For New or In-Service Pavements

PSI = f (Region or Environment, Deflectioﬁ,
Age, Traffic)

For Overlays
PSI = f (Region or Environment, Heater

Scarification or Rubber Membrane,
Age, Deflection, Traffic, Thickness)

For All Pavements

SN = f (Age, Aggregate type, Region or Environ-
- ment, Traffic)

Overlay Design

For overlay construction, Dynaflect measurements are
used to determine the overlay thickness for a design period
of 10 to 20 yr.

_Designers review ride and cracking data to determine the
need for a leveling course and/or special treatment to prevent
reflective cracking: If a highway has poor ride quality, the
designer will probably design for a leveling course 1to 3 in.
thick. If cracking is greater than 10 percent, special treat-
ment, such as asphalt rubber or heater scarification, will
. most likely become part of the design.
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Pavement Management

Since 1975 the DOT has been developing a pavement
management information system (PMIS) on the basis that it
is possible, through a systematic management methodology,
to preserve the condition of state highways at or above an
acceptable level at reduced cost (/9-23). Previous condition
data are used to develop prediction equations through regres-
sion analysis. These equations predict future roughness (PSI)
and skid numbers (SN) from past conditions in addition to
traffic, age, region, and thickness (Table A-4). :

For a given level of pavement condition, these -equations
are used to determine the optimal action for each mile of
highway for each year. Utility theory is used to rank design
and maintenance alternatives. This technique allows the in-
troduction of intuitive judgments directly into the formal
analysis. The utility function is multi-attribute (safety, ride,
construction, or maintenance and user costs) and represents
tradeoffs between conflicting attributes or objectives; e.g.,
preference for improved riding quality at some acceptable
increase in cost.

This method of ranking design and maintenance alterna-
tives has been effective. Its greatest disadvantage is the
DOT’s unfamiliarity with utility theory. Most engineers are
more accustomed to making decisions based on cost.
However, the least costly alternative may not always possess
the greatest utility. The PMIS ranks alternatives that are in
agreement with the district engineers’ preferences 90 percent
of the time, which greatly enhances the acceptability of
the PMIS.

The PMIS is summarized in Figure A-2. The computer
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program developed produces feasible maintenance strate-
gies. The condition of projects would be monitored to check
* actual performance against the predicted performance. In
this way, prediction models can be continuously updated.

At the present time, the PMIS is being implemented on a
project-by-project basis and a network optimization system
is being developed (22). Where federal monies are involved,
the PMIS is not utilized to its fullest extent. However, for
nonfederal projects, the PMIS is being used as a decision tool
with increasing confidence and frequency.

FURTHER OBSERVATIONS

To make effective use of pavement condition data, support
of top-level DOT management must be obtained. Manage-

ment must be kept well-informed on why and how the data.

are used. Further, the following disciplines are essential to
the development of any pavement management system:

® Pavement design and performance,
® Management science, and
o Computer technology.

It is also recommended that the computer program be
modular and readily modifiable. District engineers need to be
familiar with the uses of pavement condition information and
to be aware that although the data cannot replace the judg-
ment of the experienced engineer, the pavement information
system can be used to increase the information available for
making rational decisions. Other suggestions include:

1. Developing a standard reference for ride;

2. Determining the effects of seasonal variation on mea-
surements, particularly ride quality;

3. Refining the relationship between maintenance costs
and distress type; and

4. Collecting as-built pavement data.

APPENDIX B

CALIFORNIA—CURRENT PRACTICE

The following information is based on meetings with C. D.
Bartell, Karl Kampe, and Fred Boucher of the California
Department of Transportation, and was reviewed by Karl
Kampe in April 1980.

TYPES OF DATA COLLECTED

Three types of data aré collected to monitor approximately )

47,000 lane-miles of roadway: ride, surface distress, and skid
resistance. Deflection measurements are made only on se-
lected roadway segments for design purposes.

Ride

Ride quality is measured on all lanes for both flexible and
rigid pavements. Bridge approach and leave slab ride ratings
are also measured. PCA meters are used for making all ride

measurements. The ride score for the traveled way is calcu-
lated as follows:

sum of PCA meter counts

- X vehicle factor.
50 x odometer length (miles)

Ride score =

Ride score is a significant determinant in California’s pave-
ment rehabilitation process.

Surface Distress

Distress is determined for both flexible and rigid pave-
ments. The extent and severity of the flexible pavement dis-
tress types (see Figure B-1) are determined in the field and
then keypunched for storage in a computer.

Surface Deflection

Surface deflection measurements, using the Dynaflect or
traveling deflectometer, are not performed on a systematic
basis.

Skid

Skid resistance is measured with a skid tester manufac-

“tured by K. J. Law, Inc.

DATA REDUCTION AND STORAGE

The data, which include project location, road type, traffic
characteristics, etc., are hand-recorded in the field, key-
punched, and edited before entry into computer storage.

The estimated program development cost was reported to
be $150,000. The estimated biennial cost for data collection
is approximately $373,000 ($12 per lane-mile for each bien-
nial survey). Table B-1 presents a detailed cost summary for
three recent surveys. All monies used to monitor highways
are derived from maintenance administration funds. No
federal monies are used.

PROBLEMS ENCOUNTERED

1. Dividing locations into uniform segments is difficult.
Flexible pavements are segmented on a job basis and rigid
pavements on a 1-mi basis.

2. The flexible and rigid pavement distress rating systems
are different; thus it is difficult to compare flexible pavement
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TABLE B-1
PAVEMENT CONDITION SURVEY COSTS (CALIFORNIA)

Center-Line . ) 1975-1976 1977-1978 1979-19§0
Miles Lane-Miles Survey Survey Survey
District Flexible| Rigid| Total |Flexible| Rigid | Total | P.Y. $ P.Y. $ P.Y. $
01 - Eureka 1,008 10{ 1,018 2,419 40| 2,459} 0.7| 14,000| 0.8| 25,900 0.4 14,400
02 - Redding 1,548 160 1,708 3,345 580 3,925{ 0.6| 11,000 0.6 20,000{ 0.5| 20,700
03 - Marysville : 1,104| 360; 1,464 2,706/ 1,510 4,216 1.0| 20,000 1.7| 50,000/ 1.1| 39,000
04 - San Francisco 1,087 330| 1,367 3,600| 1,750 5,350} 1.2 25,000| 1.3| 36,600/ 1.1| 36,000
05 - San Luis Obispo 884! 180| 1,064| 2,313 550 2,863| 1.0| 20,000 0.7 22,000| 0.6| 44,000
06 - Fresno 1,393| 390| 1,783 3,270{ 1,630| 4,900{ 1.2] 24,000| 0.8 24,200/ 0.8} 30,100
07 - Los Angeles 743) 730| 1,473 2,285 5,330/ 7,615| 4.2{ 83,000{ 3.5(125,300] 1.6| 47,000
08 - San Bernardino | 1,479| 150| 1,629 . 4,336 1,040 5,376 1.1} 22,000 0.3 12,000 0.7| 20,000
09 - Bishop 908 60 968( 2,016 230{ 2,246; 0.6| 11,000( 0.3} 9,500 0.4 9,600
10 - Stockton 1 1,321 280 1,601 3,115 1,170/ 4,285| 1.2| 24,000{ 1.0 35,000/ 0.7} 21,600
11 - San Diego 994( 260! 1,254{ 2,756| 1,560 4,316 1.2| 23,000, 0.6( 18,000/ 0.6| 16,000
Headquarters - - - - - - 2.5{ 50,000| 1.0/ 38,500( 1.1| 44,300
Data Processing - - - - - - 1.8] 35,000 1.5{ 29,500 1.3; 30,000
Totals 12,419|2,91015,329| 32,161{15,390(47,551{13.3(362,000| 14.1| 446,500} 10.9(372,700
8 Estimated cost (survey underway). P.Y. = person-years.

PRIORITY CATEGORY

ADT RANGE
PROBLEM TYPE 1,000 |
> 5,000 to < 1,000
5,000
MAJOR STRUCTURAL PROBLEM AND BAD RIDE _ .
2 Flex: Allig.B = 11-29% § Patch > 10% or Allig.B == 30% (:E:) (:::) (:::)
Al Rigid: 3rd Stg. Crk. =108 o
48
E MINOR STRUCTURAL PROBLEM AND BAD RIDE
Flex: Allig.B = 11-29% § Patching =10% (:::) (:::) (::::)
Allig.B =<10% § Patching >>10%
BAD RIDE ONLY
e o]fc
MAJOR STRUCTURAL PROBLEM ONLY
= Flex: Allig.B = 11-29% § Patch > 10% or Allig.B = 30% @ @ @
v Rigid: 3rd Stg. Crk. =10% _ -
. A
e | HINOR STRUCTURAL PROBLEM ONLY
Flex: Allig.B = 11-29% § Patching <X 10% @ @
Allig.B =< 10% § Patching > 10%

FIGURE B-2 New reconstruction program-priority system. Note: Ties are broken by $(1,000)/mi/ADT (e.g., unit cost per unit
of traffic service).
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FIGURE B-3 Defect evaluation procedure for flexible pavement.
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FIGURE B-4 De'fect evaluation procedure for rigid pavement.
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problems with rigid pavement problems (e.g., in making proj-
ect tradeoffs between rigid and flexible pavement problem
locations).

3. The use of visual observations, instead of a mechanistic
rating process, and the selection by raters of typical sample
sites produce some variance in data. (This is not considered
a serious problem.) .

4. Thorough training of personnel and periodic quality
monitoring are needed to ensure consistent data. The repeti-

tive nature of the job makes motivation of personnel difficult.
f

SAMPLING PROGRAM

Each lane-mile of both flexible and rigid pavements is sur-
veyed every 2 yr. It is estimated that approximately 30 lane-
miles of pavement can be evaluated daily by one rater. The
first statewide flexible pavement survey (about 30,000 lane-
mi) was conducted in 1969, and the first rigid pavement sur-
vey (about 15,000 lane-mi) was conducted in 1976.

USE OF DATA

The data are used primarily to select both candidate proj-
ect locations and approximate pavement rehabilitation strat-
egies for the state-maintained highway network (24, 25).
Summary reports are produced in both standardized and ex-.
ception formats. The standardized reports include:

1. Inventory of pavement conditions for each lane-mile of
pavement. )

2. Approximate rehabilitation strategy for each lane of a
pavement location.

3. Candidate location lists for all pavements requiring re-
pair or rehabilitation with generalized cost estimates.

4. Priority list of all rehabilitation locations for each dis-
trict (Figure B-2).

The selection of rehabilitation strategies is keyed to spe-
cific types and measures of distress and ride quality. An
overview of this procedure is shown in Figures B-3 (flexible)

~ and B-4 (rigid). The dominant strategy (the one that will

correct all defects) required by any one distress type is se-
lected. The selection of various rehabilitation strategies for
flexible pavements is shown for alligator/block cracking
(Figure B-5), longitudinal and transverse cracking (Figure
B-6), rutting (Figure B-7), raveling and weathering (Figure
B-8), and ride quality (Figure B-9). Corresponding rigid pave-
ment rehabilitation strategies are a function of distress or ride
data observed in the traveled way, bridge approaches, or
shoulder. Traveled-way rehabilitation strategies are deter-
mined by use of slab breakup, ride score, crack spalling, and
other factors (Figure B-10). Rehabilitation strategies for
bridge approaches and shoulders are shown in Figures B-11
and B-12, respectively.

FURTHER OBSERVATIONS

Future needs include: (a) a rapid technique for measuring
severity of faulting; and (b) rating of freeway ramps and
collection roads. )
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FIGURE B-5 Rehabilitation strategy for flexible pavement with alligator/block cracking.

\



“

{3 SEVERITY &

DO NOTHING
FILL CRACKS
DO NOTHING
FILL CRACKS

LONGITUDINAL _ TRANSVERSE

FIGURE B-6 Rehabilitation strategiés for flexible pavement with longitudinal and trans-
verse cracking.

FIGURE B-7 Rehabilitation strategy
for flexible pavement with rutting.

DO NOTHING
CORRECT RUTTING
SPECIAL REPORT FURNISHED TO DISTRICT
MAINTENANCE ENGINEER .

LOSS OF COARSE
AGGREGATE 2 25%.

—

SEAL .COAT OR
REJUVENATOR SEAL
THIN AC OVERLAY™

CORRECT DRIP TRACK RAVEL

#THIN AC OVERLAY =< 0.10° DENSE GRADED OR OPEN GRADED MIX

FIGURE B-8 Rehabilitation strategy for flexible pavement with raveling and weathering.
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FIGURE B-9 Rehabilitation strategy for flexible and rigid pavements based on ride quality.
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FIGURE B-11 Bridge approach maintenance and rehabilitation strategy for rigid pavement.
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FIGURE B-12 Shoulder maintenance and rehabilitation strategy for rigid pavement.

37



38

APPENDIX C

' FLORIDA—CURRENT PRACTICE

The following information is based on communications
with Larry Smith and Jatinder Sharma of the Florida Depart-
ment of Transportation, and was reviewed by Larry Smith in
Tune 198().

fYPES OF DATA COLLECTED

Four types of data are collected for flexible and rigid pave-
ments: ride, distress, deflection, and skid resistance (26-29).

Development of a pavement condition rating was initiated
in 1972. The Mays meter was chosen because of its speed,
ease of operation, low cost, minimum manpower require-
ments, and ability to be correlated with the CHLOE
profilometer. With the model currently used, a photocell
transmitter and strip chart recorder continuously records
pavement ride characteristics. The unit is placed in a Mays
meter trailer, which is towed by a pickup truck at normal
traffic speeds. A ride rating (RR) is calculated from the re-
sults. The RR equations are based on the CHLOE present
serviceability index values multiplied by 20 (original PSI
scale of 0 to 5 was expanded to 0 to 100) and- include a
relationship developed for each Mays meter trailer at a spec-
ified speed. The equation is of the following general form:

Y=a + bx
where

Y = ride rating (RR) = PSIgz x 20 (PSIszyz = PSI value
attributed to CHLOE slope variance),

a = regression constant for intercept (generally 100 or
less),

b = negative constant slope of regressnon line, and

x = Mays meter reading = MMR = Mays meter excur-
sions (in./mi) = [chart paper length (in.) X 6.4] +
segment length (mi). ‘

Surface Distress

Measures of pavement distress were developed by the
DOT in 1972. The rater visually selects a pavement section
at least 100-ft long and then measures or observes rutting,
cracking, and patching. The form used to record all measure-
ments of distress is shown in Figure C-1.

Rutting measurements are conducted in the outside wheel
path of the lane being evaluated. A 6-ft straight edge and ruler
are used at 25-ft intervals (longitudinally) in the sampled
segment, and average rutting is reported to the nearest 1/8-in.
interval. This measurement process is shown in Figure C-2.

Cracking measurements for flexible pavements are divided
into four classes:

Class Description
1 Hairline, minimum branching
1B Approximately 1/16-in. to 1/8-in. wide; slight

spalling, slight to moderate branching

2 Approximately 1/8-in. to 1/4-in. wide; moderate
- spalling, severe branching; formation of cells

3 Progressive class 2 cracking resulting in severe
spalling; chunks breaking out

The method used to measure all classes of cracking is shown
in Figure C-3. For distress measurements, -only the classes
1B, 2, and 3 are reported. The unit of measurement used in
this procedure is area. A percentage of cracking area is ob-
tained by dividing the cracking area by the total area in the
sampled pavement segment.
Patching measurements are made for the entire lane by the

same procedure used to evaluate cracked pavement areas.
Patching is classified by degree: '

Degree Description
Light Less than 50 ft? per 100-ft lane
Moderate 50 to 100 ft? per 100-ft lane
- Severe More than 100 ft? per 100-ft lane
Defiection

The Dynaflect is used to collect deflection data for both

flexible and rigid pavements. Deflection measurements are

used to estimate layer modulus and develop appropriate de-
sign sections.

Skid Resistance

A towed two-wheel trailer based on ASTM E 274-70 is
used to measure skid resistance. A skid number is calculated
based on skid testing conducted at 40 mph; skid numbers of
45 and above are considered desirable. Currently, approxi-
mately 40 percent of the Interstate and pnmary systems are
evaluated each year.

PROBLEMS ENCOUNTERED

1. Frequent personnel changes.
2. Subjective evaluation of classification of cracks.
3. Variability of Mays meter from year to year.

SAMPLING PROGRAM

The complete primary roadway network is evaluated an-
nually for both ride and distress. Approximately 40 percent
of the Interstate and primary system is evaluated for skid
resistance. The overall cost of sampling and data processing
is estimated to be about $4 per lane-mile or $137,000 per yr.
(See Table C-1.)

USE OF DATA .

The data are used for priority programming and identifica-
tion of projects needing further examination (29). A key ele-



Test Sect.

PAVEMENT CONDITION SURVEY

39

exceed 100%

CRACKING
+
-Defect
Value

100 —

' Ride Rating

— ]

X

' in excess of 1''. 15 -

RUTTING _ PATCHING

Defecf'
_ ‘Rating

g —

BASIC RATING

Defect Rating

L | =

FIGURE C-1 Pavement condition survey form.
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6.4
X s - -— 2 —
Excursions Ride '
in./mi. Rating
. —# Chart = :
DEFECT RATING
CRACKING RUTTING PATCHING
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TABLE C-1

ESTIMATED COSTS FOR
DATA COLLECTION AND
PROCESSING (1980)

E' 2.5 5.0 7.5

Distance in leet

FIGURE C-2 Method for measuring roadway rutting.

ment in the data utilization is the computation of various
rating scores.

First, a defect rating (DR) is calculated by a procedure in
which defect points are assigned to several combinations of
cracking area and class, average rut depth, and area of patch-
ing. These defect point combinations are given in Table C-2.
The defect rating is calculated as follows:

DR = 100 — = (defect points)

The ride rating (RR) is obtained by\ﬁse of the Mays meter and
is calculated as described previously. The defect rating and
ride rating are then combined to form the basic rating (BR):

BR = VRR x DR.

Finally, the basic rating is adjusted for average daily traffic.
The adjusted rating has a maximum value of 100.

The criterion used for determining the need for resurfacing
is an adjusted rating of 70 and below. In 1976 10 percent of
the pavements with an adjusted rating of 60 and above and
approximately 90 percent of the pavements with an adjusted
rating of 50 and below were resurfaced. In addition, a skid
number of 35 or less for a pavement segment indicates that
skid resurfacing treatment is required. To further aid in
establishing priorities for projects, an engineering rating (ER)
is determined, which is based on an operational rating (OR)
(a measure of the ability of a roadway to handle traffic) and
the adjusted rating [structural rating (SR)]:

ER = VOR x SR.

The ER is projected ahead to future years to aid in scheduling
planned improvements.

Information for each project, including location, length,

estimated cost, proposed work type, status of plans, etc., is
maintained in a project record system (PRS). PRS data are
combined with the pavement condition information to cal-
culate the change in ER (AER) for the scheduled year of
project construction. Then cost effectiveness (CE) is calcu-
lated to measure the benefit to be derived from the expendi-
ture of monies: ' :

CE = AER x ADT x length + project costs ($).

The project with the lowest initial ER, highest AER, and
largest CE becomes the project with the highest priority. The
project priorities determined are ranked by assigning values
ranging between 1 and 100.

Personnel $ 48,800
Travel 9,600
Equipment . 36,400
Nther (computer) 24,000
Indirect Costs 18,200
Total * $ 137,000
Mileage Monitored
(lane-miles) 33,000
Cost/Lane-Mile $4.15

TABLE C-2

DEFECT POINTS ASSOCIATED WITH
CRACKING, RUTTING, AND
PATCHING

Cracking Defect Points

Area Cracking Class

ﬂ 1B 2 3
25 5 7 10
50 10 15 20
75 15 22 30

100 20 30 40

" Note: Classes can be combined

(not to exceed 100%).

Rutting
Rut depth (in.) Defect Points

1/8 5

1/4 ' 10

3/8 15

1/2 20

5/8 25

3/4 30

7/8 ) .35

1 40
Patching
Degree of Patching Defect Points
Light 5
Moderate .10
Severe 15
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FIGURE C-3 Method for measuring cracking.

Dimenslions

.

Area
AeB 24" x 12' = 408 Sq. Ft,
c 108 x 1' = 10 Sq. Ft.
()] 18' x 12' = 216 Sq. Ft,
E 12 x 12* = 44 sq. Ft,
F 4L* x 1' = L4 Sq. Ft,
G 14 x 12' = 168 Sq. Ft.
TOTAL = 950 Sq. Ft. =
= 79% :
Class 3 Cracking .
Area DImensions
A 16" x 12' = 192 sq., Ft,
8 12' x 12' = 4k sq. Ft,
c ' x 12' = 168 Sq. Ft.
D 36" x 12' = 432 Sq. Ft,
TOTAL = 936 Sq. Ft., =
= 78%

1200 Yota! Sq. Ft.

1200 Total 'Sq. Ft.

1200 Total Sq. Ft,

184
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APPENDIX D

NEW YORK—CURRENT PRACTICE

The following summary of the current practice for the

collection and use of pavement condition data in New York >

(30, 31) was reviewed by Robert Weaver in May 1980.

TYPES OF DATA COLLECTED

User-serviceability data are collected annually on the
16,880 mi of pavement in the state. User serviceability is.
measured by the present rideability index (PRI), which is
defined as the ‘‘user-serviceability of the pavement surface,
at the posted speed, on the survey date.”” Secondary require-
ments for the pavement serviceability system (PSS) include
(a) survey completeness and frequency, (b) locational refer-
encing, (c) segmenting of the pavement network, and (d) the
system updaté cycle.

Ride

The design of the network monitoring system [Pavement
Serviceability System (PSS)] is shown in Figure D-1. The
major purpose of the PSS is the precise documentation, on an
annual basis, of the serviceability of network pavements in
order to measure pavement life and performance.

The state DOT specifies that a desirable measuring system
must have two basic characteristics: it must be extremely
stable and have excellent correlation with serviceability. The.
measuring system now used evolved from a long series of
trials with various approaches and refinements involving
panel ratings and the vehicle motion typical of car ride meter
devices. Repeatability and serviceability correlations were
used as tools in the refinement process.

The present sensing device, a DC differential transducer

mounted on the floor of a station wagon, electronically mea- -

sures all motion within the movement range of the rear sus-

pension. An electronically established datum reduces the

effects of varying vehicle attitudes caused by grades, pas-
senger movement, and varying loads. The transducer puts
out a continuous electronic analog of the interaction ampli-
tude of the vehicle response to pavement profile and speed.
An example of the amplitude versus time signal (vehicle re-
sponse profile) obtained from travel over pavement surface
is shown in Figure D-2. This complete signal is recorded and
used to establish the average serviceability of a finite length
of pavement. .
Integration of the amplitude-time profile allows characteri-
zation of the *‘energy of disturbance’’ present at the running
speed. The result is termed the survey ‘‘E-value,” expressed
in E-units per mile (Figure D-3). The ‘*E-value’’ obtained at
the survey speed for a given test vehicle is converted into a
serviceability index called the PRI (Figure D-4). The calibra-
tion of physical systems to measured serviceability is ac-
complished using the concepts presented in Weaver (31).
Once calibrated each test vehicle would have a set of 18

curves to turn an energy value into PRI at a posted travel
speed (Figure D-4).

Skid

" Skid data are collécted only to corroborate the need for
correction of excessively slippery pavement at a high acci-
dent frequency location.

Distress and Deflection

Distress and deflection data are not currently collected in
the state, nor are there any plans to do so. Since 1975 the
annual monitoring of network serviceability has provided .
direct measurements of pavement surface life and perform-
ance. Statewide collection of distress data is not considered
necessary. )

SERVICEABILITY STANDARDS
FOR SYSTEM CALIBRATION.

MEASURING SYSTEMS & VEHICLES -
2 SELECTION, CALIBRATION,
CHARACTERISTICS, & MAINTENANCE

3 IN-VEHICLE AUTOMATED SURVEY
DATA COLLECTION SYSTEMS

i DATA ANALYSIS, EDITING AND
QUALITY CONTROL SYSTEMS

Y

DATA BASE MAINTENANCE
5 | & MANAGEMENT

FIXED REPORT GENERATION SYSTEMS.
DYNAMIC [INQUIRY HANDLING SYSTEMS.

FIGURE D-1 Pavement serviceability system.
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FIGURE D-3 Method for determining an E-value (30).
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Additional Data

Knowledge of any preventive or corrective maintenance
performed relative to survey dates is vital to the prediction of
future serviceability and the performance and benefits of the
various alternatives. Plans are being developed to involve
resident engineers in relating mainténance activities to ser-
viceability trends. There are also plans to relate factors such
as climate, gradeline, drainage, soil type, and traffic to pave-
ment performance.

DATA REDUCTION AND STORAGE

An automated system is used to obtain error-free data

rapidly at the lowest possible cost. The design criteria for’

in-vehicle systems included: high-speed, nonstop surveys;
long maintenance-free life of equipment; stability of opera-
tion; full analog recording of survey data to avoid loss of data
through digital recording; and operation on low power from
standard vehicles. These systems were custom designed and
built for the specific application. Data are recorded on cas-
settes, each containing up to 80 mi of survey data. The infor-
mation is transferred to a mini-computer (DEC 11/40), digi-
tized, integrated to get the E-value, and then transferred to
" the terminal to sequence and order the data. There is no
coding or keypunching. .

The costs for data collection, data reduction, and services
to data users are presented in Table D-1. Total system oper-
ating costs are calculated to be $8.47 per mile in 1977-1978,
$9.62 in 1978-1979, and $12.00 in 1979-1980. The following
costs are not included:

o Equipment amortization.

e Vehicle calibration [required when a new test vehicle
goes on-line and continues until it is replaced ($25,000)].

e Development costs before 1975.

The entire program is state funded.

TABLE D-1
SYSTEM OPERATING COSTS*

1977-78 1978-79  1979-80
‘Field Suryeys $ 51,960 $ 71,574 --
Reduction, Analysis, -
and Data Base
Formulation 48,047 67,197 --
Support, Administra-
tion, Continuing
Development 37,122 15,200 --
$737,129 §153,971 $200,350
Manpower (man-yr) 7.89 6.43 -~
Test Vehicles 2 2 --

aDeve1opment costs: $450,000.

PROBLEMS ENCOUNTERED

The data collection process appears to be an efficient and
well-managed program. Through careful engineering, system
design, and testing, many problems facing other agencies
appecar to have been eliminated. The typical problems of
vehicle calibration and measurement stability over time have
been reduced. The complete serviceability monitoring of an
entire network demands total objectivity and up-to-date in-
formation on factors that affect serviceability or location
referencing. Severe shortcomings in existing record keeping
with respect to location referencing, pavement construction
details, and maintenance history have been encountered.

SAMPLING PROGRAM

All state routes are surveyed annually between May and
November. The resulting data files consist of about 120,000
segments, each determined by physical field references. The
smallest pavement segment measured is about 0.008 mi long,
and the average segment is 0.129 mi long. Several years of
experience with surveys has indicated that any partial sam-
pling program of pavement condition makes assessment of
network pavement condition difficult, and that practical use
of the data for project selection would be severely limited to
those pavements actually surveyed.

USE OF DATA

The uses of the data collected in the Pavement Service-
ability System have been expanding since 1975 when the
annual surveys were initiated, despite the lag in development
of supporting computer systems to facilitate use of the data.
At the network level, annual summaries of data provide a
rough indication of

1. The changes in network serviceability (a significant fac-
tor in funding for preventive and corrective pavement work);
and )

2. A more equitable distribution of resources among the 10
regions based on pavement condition at the project level (the
data are needed to establish priorities for resurfacing or pave-
ment reconstruction).

Trend analyses of PRI are used to estimate the time of
rehabilitation. Roads with a PRI of 2.4 or less are considered
deficient and those with a PRI of 1.5 or less are considered
essential for maintenance. Computer reports for each survey
are used to graph serviceability versus time for analysis and
review before projects are submitted for approval.

The use of the PRI has resulted in improved justifications
for maintenance and rehabilitation. Documentation of the
need for initiating a project is required when the PRI is ac-

"ceptable (i.e., above 2.4). For example: rehabilitation of

pavements with adequate serviceability, but having high
maintenance costs, can be funded only if the maintenance
costs are adequately documented; and rehabilitation of pave-

. ments with a high accident rate resulting from rutting or low

skid resistance must be justified by documentation of safety
considerations.



FURTHER OBSERVATIONS.

This system is one of the simplest and most effective for
gradually establishing on a year-to-year basis the connection
between the serviceability of pavements and the following
issues:

1. How much money is needed?

2. Where is it needed?

3. Is enough being spent to keep up with our pavement
needs?
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4. Is-it being spent wisely?
The system is effective because:

1. There is top-level management support.

2. Serviceability is measured in a rapid, simple, and useful
manner, and is adequate for defining performance in the
state. ’

3. Experience with public protests concerning both pre-
mature and overdue rehabilitation of pavements conform to
that predicted by PRI (Figure D-5).
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NOTE All PRI values are dependent on travel speed which is taken tc be the posted
speed; both PRI and User Attitudes vary with travel speeds. ’

FIGURE D-5 Use of present rideability index (PRI) in effective management (32).



APPENDIX E = .

ONTARIO—CURRENT PRACTICE

The following information is based on communications
with W. A. Phang of the Ontario Ministry of Transportation
and Communications, and was reviewed in August 1980.

TYPES OF DATA COLLECTED

" Four types of data are currently collected for flexible and
rigid pavements: ride, surface distress, deflection (flexible
only), and skid resistance (33-36).

The ride quality of the pavement is determined by the,

riding comfort rating (RCR), which is based on a subjective
0 to 10 scale. A rating of 10 represents a perfectly smooth
pavement, whereas 0 indicates rough, essentially impassable
road. To determine the RCR value for a pavement segment,
the rater drives the segment at a speed of 50 mph. The RCR
is then estimated to one decimal place according to the fol-
lowing scale: .

Ridihg Comfort

Rating Description
10-8 : Excellent
8-6 Good
64 Fair
4-2 Poor -
20 Very poor

Roughness measurements may also be obtained by a car
ride meter and are usually calculated in terms of inches per
mile.

Surface Distress

The distress visually observed on the pavement surface is
specified using uniform descriptions for frequency and sever-
ity of various distress types. There are three groups of
distress types: surface defects; distortion or permanent

deformation; and cracking. These distress categories are

shown in Figures E-1 and E-2, which are the recording forms
used for flexible and rigid pavements. Emphasis has been
placed on developmg clear work and picture descriptions of
the various distress types to aid the rater.

The pavement condition rating (PCR), a numeric value, is
determined from the ride and distress information, which
includes descriptions of riding quality, distortion, and dis-
tress. These PCR ranges are listed in eight possible stages for
flexible pavements (Figure E-3) and in six stages for rigid
pavements (Figure E-4). For each stage there is a general
description of the desired maintenance or rehabilitation level
with an estimate of when such work should be performed.

' Deflection

Deflection measurements are made on a selective basis to
assess pavement strength. Both the Dynaflect and Benkel-

man beam have been used in this process. The data are
presented in.a standard format that includes the mean plus
two standard deviations (¥ + 2s).

Skid Resistance

Skid resistance measurements are made on a selective
basis similar to that for deflection measurements. A brake-
force trailer and stereo photographs have been used to col-"
lect data at high-accident locations, monitor suspect pave-
ment segments, and verify the effectiveness of treatments.

PROBLEMS ENCOUNTERED

The major problems associated with the data collection.
process include:

-® A wide range of subjecti\.'ely obtained distress observa-
tions and ride comfort ratings; and
o Sensitivity of system to inaccurate ride comfort ratings.

The major problem associated with sampling is the training of
personnel. Other problems include: (a) equipment calibra-

- tion; (b) shortage of manpower to conduct surveys; and {(c)

data processing at central office, which hinders quick ac-
cess by regions.
—
\

' SAMPLING PROGRAM

The pavement condition rating (PCR) surveys are_con-
ducted in each of the five regions by two or three raters.
Generally, these surveys are accomplished during the late
spring and early summer. Four regions conduct surveys on a

‘3-yr cycle; one region surveys pavements annually. The data

are stored in a central computerized file and are retrievable

. by each region by means of remote terminal. In addition, a

hard copy of the data is maintained by each region.

The first step in the procedure for surveying specific pave-
ment segments is to drive the segment at 50 mph to assess
ride quality. The rater then returns driving along the shoulder
at a slow speed (not to exceed 30 mph) to evaluate cracking
and other ‘distress types. The rater may stop to examine in
detail particular distress types.

The data collection and reduction costs are summarized in
Table E-1. -

USE OF DATA

The data are used for priority programming, rehabilitation,
design, and development of maintenance programs. A com-
prehensive pavement information system aids in the use of

" the data.

The objectives of the Pavement Management Feedback
and Information System (PAMFIS) include:



1. Management. Provides .pavement information to ad-
ministrators and engineers for making decisions on various
pavement design, construction, maintenance, and rehabilita-
tion programs (see Figure E-5).

2. Design. Provides history of performance information
on in-service pavements to guide decision making and judg-
ment on various pavement design problems.

3. Construction. Provides feedback information to eval--

vate and improve specifications, tests, techniques, and
requirements for highway construction in light of in-service
pavement performance (e.g., ride data are used in monitoring
construction quality).

4. Pavement Research.- Provides feedback information
necessary for verifying, analyzing, and continuously improv-
ing design, performance, and cost models. Provides acces-

- sible and reliable information for pavement investigations
and analyses. )
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TABLE E-1

ESTIMATED COSTS l-'"OR DATA COLLECTION AND
ANALYSIS®

1978 - 79 1979 - 80
Personnel $ 40,000 $ 45,000
Travel 5,000 6,000
Equipment? 70,000 /" 90,000
Other 12,000 19,000
Data Processing 10,000 10,000
Indirect Costs * 12,000 15,000

$ 149,000 $ 185,000

3Based on 21,500 km.
bInc]udes complete Dynaflect services.
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FIGURE E-1 Flexible pavement condition evaluation form (35).
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The PAMFIS was developed in 1971-1972 with the goal of
establishing a comprehensive pavement performance evalua-
tion scheme. Pavement projects were selected for which de-
sign, construction, and subsequent pavement performance
information was to be organized, checked, stored, analyzed,
and retrieved through a computerized process.

The data collected and stored in the PAMFIS are classified
as follows:

1. Design Data. Includes layer types, thicknesses, ex-
pected performance history, and costs.

2. Construction Data. Includes cross-section data, ma-
terials sources and types, quality of materials and construc-
tion, and some quality-control measurements.

3. Maintenance Data. Includes subjective evaluation of
maintenance type and extent.

4. Performance Evaluation. Includes pavement strength,
roughness, skid resistance, condition rating survey of
cracks, ride quality, and traffic (Figure E-6). .

Using the data described above, PAMFIS can provide pave-
ment administrators, designers, and researchers with rele-
vant reports and information on numerous projects.

Priority Programming

The pavement condition rating (PCR) is used to determine
whether a pavement section should be placed on a prelimi-
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FIGURE E-2 Rigid pavement condition evaluation form (35).



A Guide for the Estimation of Pavement Condition
Rating-and Priority for Flexible Pavements

Reconstruct within 2 years

0-20

Pavement is in poor to very poor
condition with extensive severe
cracking, altigatoring and dishing.
Ridability is poor and the surface
is very rough and uneven.

Reconstruct in 2 - 3 years

20- 30

Pavement is in poor condition with
moderate alligatoring and extensive
severe cracking and dishing.
Ridabitity is poor and the surface
is very rough and uneven.

Reconstruct in 3 - 4 years

30- 40

Pavement is in poor to fair condition
with frequent moderate alligatoring
and extensive moderate cracking and
dikhing. Ridability is poor to fair
and surface is moderately rough and

-uneven.

Reconstruct in 4 - 5 years or
resurface within 2 vears
with extensive padding

40- 50

Pavement is in poor to fair condition
with frequent moderate cracking and
dishing, and intermittent moderate
ailigatoring. Ridability is poor to

fair and surface is moderately rough
and uneven. e

Resurface within 3 years

50 - 65

Pavement is in fair condition with
intermittent moderate and frequent
slight cracking, and with intermittent
slight or moderate alligatoring and

. dishing.-Ridability is fair and surface

is slightly rough and uneven.

Resurface in 3- 5 yéar§

65-75

Pavement is in fairly good condition
with frequent slight cracking, slight
or very,slight dishing and a few areas
of siight alligatoring. Ridability is
fairly good with intermittent rough
and uneven sections.

Normal maintenance only

75-90

Pavement is in good condition with

frequent very slight or slight cracking.

Ridatility is good with a few-slightly

. . N
rough and uneven sections.

No maintenance required

90- 100

Pavement,is in excellent condition
with few cracks. Ridability is
excellent with few areas of slight .
distortion.

FIGURE E-3 Guide for estimating pavement condition rating for flexible pavements (35).
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nary program listing for further consideration. Projects are

listed according to when the project is scheduled (1, 2, or §

yr). As the priority of a specific project changes from the 5-yr

to the 2-yr program and then to the final program, rehabilita-
tion designs are examined and costs calculated. Decisions on

‘specific project designs are based on availability of funds and

such factors as regional equity, regional development policy,

and general public acceptability.

Rehabilitation Design

The pavemeht ‘condition survey is used to identify struc-
tural deficiencies based on the types of observed distress. .
For example, the presence of alligator cracking indicates the

need to upgrade the structural capacity. Rutting not accom-
panied by cracking of the asphalt surface may be attributed
to instability of underlying layers. For such areas, overlay’
thickness is designed using nondestructive testing instru-
ments such as the Benkelman beam or Dynaflect.

Maintenance Activities

The pavement distress manifestations currently recorded
are too detailed for maintenance purposes. A maintenance
manual is planned that will include descriptions of distress
types, such as “‘slight,” *‘moderate,’’ and ‘‘severe." Inspec- .
tions will be conducted and the data used only as required to
plan immediate and short-term maintenance activities.

Reconstruct within 0-20 Pavement is in very poor conditicn
2 years. with severe cracking and stepping.
Frequent badly broken and tilted slabs.
Ridabiiity is very poor. Extremely
rough and uneven throughout.
Reconstruct in 20 - 40 Pavement is in poor condition with
2 - 3 years. severe cracking and stepping. -
Intermittent badly broken or tilted slabs.
Ridability is poor. Very rough and-
uneven throughout.
Cut relief joints if 40-50 Pavement is in fair to poor condition
necessary. with moderate to severe stepping at
Resurface within cracks and joints. Ridability is fair
2 years. - to poor and the surface is moderately
rough and uneven throughout.
Occasional blow ups may occur.
Surface moderately polished by
traffic.
Cut relief joints if 50-75 Pavement is in fair condition with
necessary. moderate stepping at cracks and joints.
Resurface in Ridability is fair and the surface is
2 - 5 years. slightly to moderately rough and uneven
throughout. Occasional blow ups may
occur. Surface moderately polished by
traffic.
Grooving or resurfacing 75-90 Pavement is in fair to good condition
to restore skid ‘ ' with slight stepping at cracks and joints.
resistance if necessary. Ridability is fair to good with intermittent
Otherwise normal slightly rough sections. Surface slightly
maintenance only. polished by traffic.
Normal-maintenance 90 - 100 Pavement is in good condition with
only. Repair joint little cracking between joints.
- seals as necessary. intermittent slight stepping at joints.
o Ridability is good. Skid resistance is
satisfactory. :

FIGURE E4 Guide for estimating pavement condition rating for rigid pavements (35).
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APPENDIX F

PENNSYLVANIA—CURRENT PRACTICE |

The following information is based on an interview with
Gaylord Cumberledge and John Hopkins of the Pennsylvania
Department of Transportation in June 1978, and was re-
viewed by John Hopkins'in June 1980. ' '

TYPES OF DATA COLLECTED

Approximately 45,000 mi of roadway are monitored. Pave-
ment condition measurements include evaluation of ride
quality, structural capacity, and skid resistance. Trained ob-
server surveys are used to obtain data on surface distress.

Skid Resistance

Skid resistance data are not used directly in the manage-
ment program. Roads with poor skid resistance are con-
sidered separately. The measurement of skid resistance is
performed using a single locked-wheel trailer according to
the specifications given in ASTM E 274. Skid tests are per-
formed on pavements suspected to be inadequate (Figure
F-1). The length of test (wheel lockup) is about 250 ft. Test
data are taken 10 times per mile and indexed according to
stationing and/or mileposts.

Skid resistance of
the pavement is suspected
to be inadequate.

. Test pavement
for skid resistance,

Is skid resistance adequate?

See SUBSYSTEM 3 -

Yes Evaluation of Structural
Capacity and Distress.
. Y
No - Are riding quality and/or
structural capacity suspected

to be inadequate?

[

Review pavement Yes

at a later date.

and Distress,

See SUBSYSTEM 2 -
Evaluation of Riding Quality
and/or SUBSYSTEM 3 -
Evaluation of Structural Capacity

FIGURE F-1 Subsystem 1— Evaluation of skid resistance (/6).
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Test pavement for /
riding quality.

its class;

Is riding quality among the

worst 5% of highways in > Yes
ie., is
PSI < TSI?

"

No

See SUBSYSTEM 3 -
Evaluation of Structural
Capacity and Distress.

NO }ee

Are skid resistance and/or
structural capacity suspected
to be inadequate? -

\

Review pavement

at a later date. Yes

and Distress.

See SUBSYSTEM 1 -
Evaluation of Skid Resistance
and/or SUBSYSTEM 3 -
Evaluation of Structural Capacity

FIGURE F-2 Subsystem 2—Evaluation of riding quality (/6).

Ride

A program for gathering roughness data using the BPR
roughometer was initiated in 1965. Beginning in 1968 a ver-
sion of the PCA meter, the Autoflect, was used to collect the
data; this was replaced in 1973 by the Mays meter. The
Mays meter is inexpensive and has the advantage of provid-
ing continuous logs of the pavement surface along with
synchromzed distance increments and landmarks. Correla-
tions between the three devices and the GM profilometer are
performed to provide a consistent data base.

Ride evaluations are currently performed each year on all
pavements in maintenance functional classes A, B, and C,or
on approximately 15,000 center-line mi. The data are indexed
according to stationing and/or mileposts (Figure F-2).

Deflection

Road Raters are used to measure the deflection of flexible
"pavements. Dynamic loads are superimposed over static
loads to produce the desired test. The Road Rater has the
advantages of requiring low maintenance, operating at high
speed, and being easily transportable. No structural testlng is
presently performed on rigid pavements.

Structural capacity testing is performed on pavements that
qualify for resurfacing as determined by skid resistance
and/or ride quality tests. In the deflection survey, the type
and amount of distress are determined. The data are used

only to temper the decision on the type of maintenance
needed. A computer program is used to convert the actual
deflection measurements to the conditions in spring months
(weakest time of the year). Once the 18-kip axle load equiva-
lencies are determined, overlay thickness can be designed to
reduce deflections to acceptable levels (Figure F-3).

Surface Distress

Trained observer surveys are performed semiannually on
a floating sample of about 4 percent of the highway system (a
total of 8 percent annually). Trained professionals physically
inspect conditions on samples of highway sections in each of
the state’s 67 counties (37).

DATA REDUCTION AND STORAGE

Ride and deflection data are hand-reduced on the coding
form by stationing or milepost, keypunched, edited, and
stored in the computer. A pavement condition information
sheet is also completed.

The estimated costs of data collection and data reduction

.are given in Table F-1. These costs are based on a sampling

of approximately 20 percent of the highway system for ride
and 5 percent for deflection and skid resistance. The sam-
pling is funded by HP & R funds (90 percent) and the state (10
percent). The annual cost of the trained observer surveys is
approximately $320,000. N
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Structural capacity of
the pavement is suspected to
be inadequate.

Yes

- Does pavement have cement

concrete base or surface?

!

Pavement is to be overlaid .
using current practice. No e

!

Test pavement for structural
capacity and make distress
observations,

No

Is structt;ral capacity

adequate for the overlay

*1 Yes

design period?

Design overlay for

the traffic that will
be- imposed. Yes

1

Are skid resistance and

1

riding quality adequate?

!

Is recommended overlay
-thickness too thick for
field conditions?

Review at a
later date.

No

l-les

|

Overlay pavement with
recommended thickness.

1

Place surface treatment

or overlay to improve

skid resistance and/or
riding quality.

Conduct an economic
analysis to overlay or
reconstruct pavement.

FIGURE F-3 Subsystem évaaluaﬁon of structural capacity and distress (/6).

PROBLEMS ENCOUNTERED

1. Deflections are not measured on rigid pavements or on
flexible pavements with cement-treated bases.

2. Personnel problems include scheduling and motivating
personnel to travel statewide.

3. Improved communication among the several units in-
volved in the management program is essential.

5. Independernice of units makes it difficult to coordinate

all available data (traffic; road log, etc.).
S. Accurate 18-kip axle loading is required.

SAMPLING PROGRAM

The data collection process is performed on an annual
basis. The sampling program includes the following steps:

1. District personnel subjectively rate pavements in each

maintenance functional code (MFC). Pavements considered
to be in the lowest 5 to 10 percent of their class are nominated
for objective evaluation. ,

2. Roads selected by the districts are rated with the Mays
meter. The PSI is calculated from this sampling.

3. Roads falling below the terminal serviceability index
(TSI) are then evaluated using the Road Rater.

Skid resistance measurements are a separate area in the
sampling progran. Skid tests are performed on the Interstate
highway system every 2 yr. Ten 250-ft sections per mile are
evaluated. ’

USE OF DATA

The information from the data collection process is used
primarily to program the pavemients most in need -of
resurfacing.
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Programming MFC B = Other expressways and principal highways
. ) . g . . . MFC C = Minor arterial highways
The highway system is divided into five categories using MEC D = Collector highwag;‘s y
the maintenance functional code (MFC) system established MFC E = Local access highways
by the FHWA:

Roughness data are used to calculate the PSI of the test
sections. The acceptable level of riding quality has been
MFC A = Interstate highways established by plotting PSI distributions for individual MFC

’

TABLE F-1 .

ESTIMATED YEARLY COSTS FOR TESTING OF PRESENT PAVEMENT CONDITIONS ($) (38)°

Testing For Testing For Testing For
Item Description Skid Resistance. Riding Quality- Structural Strength
1. Sa]ariés and Nagesb
aj Eng%neering &
Supervision. 35,000 35,000 ! . 35,000
. b) Technicians 108,500 93,000 31,000
c) Personnel for
Traffic Control 31,000
Subtotal $143,500 ~ $128,000 $97,000
2. Equipment Rental
a) Test Equipment
(depreciation - 5 yr) 85,000 . 6,000 12,000
Subtotal $85,000 $6,000 © $12,000
3. Travel (
a) Lodging 8,000 9,000 . 6,000
'b) Subsistence 5,000 - 4,000 4,000
c) Mileage - Mays Meterv§17¢/mi;
Skid (40¢/mi .
Road Rater (40¢/mi) _ 17,000 17,000 - 14,000
Subtotal $30,000 $30,000 . $24,000
4, Reports i
(including computer costs) 3,000 3,000 3,000
Subtotal $3,000 : $3,000 $3,000
5. Benefits -
a) 64.76% of Salaries . 92,900 82,900 62,800
Subtotal $92,900 $82,900 ) $62,800
TOTAL® $354,400 1$249,900 $128,800
$208/mi $25/mi $99/mi

%The cost of operating the core drilling function is not included in these cost estimates.

bTechm‘cians are assigned to the various testing areas as the work load shifts. Work force
required for each unit consists of one Soils Engineer IV, eight for skid resistance, seven
for serviceability, five for structural strength, and one drill operator.

Cpersonnel are reassigned to other work in winter and during slow periods. Time did not
permit accounting for these costs. Thus the actual cost for pavement condi;ion testing is
lower than these estimates. " :
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categories. The minimal level of acceptable ride quality, re-
ferred to as the terminal serviceability index (TSI), has been
defined as the 95 percent PSI level for each functional code:

MFC ISt
A 3.30
B 2.20
C . 3.00
D 2.50
E 2.20

The use of the 95 percent PSI level for the TSI is arbitrary
and reflects funding and construction availability. The TSI
values can be increased or lowered when these factors

change. The TSI concept ensures that the available funds will

be spent on the pavements most in need of repair in each
MFC category.
Overlay Design

Both deflection and distress data are used in determining
the required overlay thickness. A computer program is used

to design the thickness of structural overlay required to re-
duce deflections to acceptable level. The design analysis is
performed primarily on the basis of deflection measurements’
and the design number of 18-kip equivalent axle loads.

Maintenance Management

The results of the trained observer surveys are a major
factor in the procedure for allocating maintenance funds to
the counties. The data from the trained observer surveys are
used also to monitor the statewide condition of the highway
system.

FURTHER OBSERVATIONS

The following procedures are essential in an effective
system:

® Keep the system simple and implement in'stages.

® Provide good communication among all work units.

o Use the data collected (this provides evaluators with job
motivation).

APPENDIX G

U.S. AIR FORCE—CURRENT PRACTICE

An airfield pavement condition evaluation procedure has
been developed for the U.S. Air Force by the U.S. Army
Construction Engineering Research Laboratory to assist in
the development of maintenance and rehabilitation (M & R)
needs for the airfield pavements maintained by the U.S. Air
Force. The following information was obtained from commu-
nications with Dr. Mohamed Shahin (U.S. Army Construc-

tion Engineering Research Laboratory) and from various

technical papers and reports (39-41).

TYPES OF DATA COLLECTED

A primary source of information used for determining air-
field pavement condition is visually determined distress data.
The pavement condition index (PCI) is calculated using the
distress data from 15 distress types for concrete-surfaced

" pavements and 14 distress types for asphalt- or tar-surfaced
pavements. The PCI score ranges from 100 (no distress) to 0
(highly distressed) and is used to quantify the pavement
structural integrity and surface operational condition. The
PCI and the resulting pavement condition rating (excellent,
very good, good, fair, poor, very poor, or failed) closely

L.

agree with the collective judgment of experienced pavement
engineers. The PCI and condition rating also highly correlate
with the level of needed maintenance and rehabilitation.

- The airfield pavement condition rating procedure is based
on factors called condition indicators:

1. Operational surface indicators
a. Roughness . '
b. Skid resistance by hydroplaning potential
c. Foreign object damage potential
2. Structural indicators
a. Structural integrity
(i) Cracking
(ii) Distortion
(iii) Disintegration
b. Load carrying capacity
3. Other indicators ‘
a. Rate of deterioration
b. Amount of previous M & R applied

The above pavement condition indicators are related to ob-
servable pavement distress as shown in Figures G-1
(asphalt-surfaced pavements) and G-2 (jointed concrete
pavements).



OBSERVABLE DISTRESS IN
ASPHALT SURFACED

PAVEMENT
LOAD CARRYING
i SKID FOD* CAPACITY AND RATE OF DETERIORATION
ROUGHNESS RESISTANCE POTENTIAL STRUCTURAL AND MAINTENANCE
' HYDROPLANING INTEGRITY REQUIREMENTS .
POTENTIAL :
CORRUGATION BLEEDING gk%ﬁn . 'AIELIGATOR ALL DISTRESS
DEPRESSION POLISHED AGG. CKIN CRACK
RAVELING/ RUTTING gggs%ﬁ“ DEPRESSION
WEATHERING DEPRESSION PATCHING
JT. REF. CRACKING
RUTTING RUTTING
PAVEMENT SLOPE LONG. & TRANS. . )
SHOVING OF CRACK SLIPPAGE CRACK
ASPH. PVT. 4 BLOCK CRACK
SWELL OIL SPILLAGE
RAVELING 7 LONG. & TRANS.
WEATHERING CRACK )

(

FIGURE G-1

pavements (39).

SLIPPAGE CRACK

* Foreign Object Damage (FOD) to Jet Engines.

Pavement condition indicators as related to observable distress—for asphalt-surfaced

S
OBSERVABLE DISTRESS IN
) CONCRETE SURFACED
PAVEMENT .
LOAD CARRYING RATE OF
SKID RESISTANCE/ FOD* CAPACITY AND ° DETERIORATION
ROUGHNESS HYDROPLANE POTENTIAL STRUCTURAL AND MAINTENANCE
POTENTIAL INTEGRITY REQUIREMENTS
BLOWUP . SETTLEMENT OR BLOWUP CORNER BREAK ALL DISTRESS
SETTLEMENT OR  FAULTING CORNER BREAK  LONG. & TRANS.
FAULTING SURFACE SLOPE "O" CRACK CRACK
SHATTERED SLAB JT SEAL SHATTERED SLAB
CRACKING DAMAGE PATCHING
SPALLING POP OUTS PUMPING
SCALING SPALLING '
SPALLING

* Foreign Object Damage (FOD) 'to Jet Engines.

FIGURE G-2 Pavement condition indicators as related to observable distress—for concrete pave- |

" ments (39).
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Specifically,,the PCI is a function of the following:

1. Type of distress,
2. Severity of distress, and
3. Density of distress (area).

The formula used to calculate the PCI is a function of deduct
points:

PCI=C—[

where

p M
> > a(l,S;,Dy)| X F(tg)

i=l j=1
4
PCI = pavement condition index,

C = constant depending on desired maximum scale
value (normally 100),

a() = deduct weighting value depending on distress
type T;, level of severity S;, and density of dis-

~ tress Dy,
M; = number of severity levels on the ith type of dis-

tress,
F(tq)= adjustment function for multiple distresses that
varies with total summed deduct value (¢) and
number of deducts (¢q),
number of types of distress,
J = number of levels of severity, and
p = total number of types of distress pavement type.

DATA REDUCTION AND STORAGE

All information is stored and fully processed in a computer.
program.

The costs associated with the sampling and data process-
ing for a typical U.S. Air Force base are not well-docu-
mented. The development costs associated with the PCI
. concept were reported to be $161,700.

PROBLEMS ENCOUNTERED

No significant problems exist in the data collection system.

SAMPLING PROGRAM

Individual pavement features (runway, taxiway, etc.) are
defined as those pavement sections (within runways, taxi-

ways, and aprons) with consistent structural thickness and'

materials and identical construction (type and time), and
subjected to similar amounts and types of traffic. The PCI of
a feature is sampled by the following procedure:

1. Pavement feature is divided into sample units. Sample
unit for concrete pavement is approximately 20 slabs, and for

i

asphalt, approximately 5,000 ft? surfaced pavement (Step 1,
Figure G-3).

2. Sample units are inspected and distress types along
with corresponding severity and densities (areas), are re-
corded (Step 2, Figure G-3).

3. For each distress type recorded, deduct values are
determined (Step 3, Figure G-3).

4. Total deduct value is determined by adding all deduct
values in sample unit (Step 4, Figure G-3).

5. Corrected deduct values are determined (Step S, Figure
G-3).

6. PCI for sample unit is calculated. -

7. Overall PCI for a feature is determined by averaging the
PCI's from all sample units inspected.

8. Pavement condition rating (verbal description) is deter—
mined (Step 8, Figure G-3).

After the overall PCI rating is determined, a condition eval-
uation summary is made in accordance with the form shown
in Figure G-4.

The recommended minimum sampling frequency is every
S yr. The PCI and evaluation summary (Figure G-4) are’
determined at shorter intervals for project justification or if
the pavement is deteriorating at a rapid rate.

USE OF DATA

The data are used primarily to determine the maintenance
and rehabilitation needs of airfield pavements. Possible
maintenance and rehabilitation strategies are divided into
three general categories:

1. Routine M & R: Consists of performing preventive
and/or localized maintenance and rehabilitation by such
methods as crack sealing, joint sealing, and application of fog
seals and rejuvenators.

2. Major localized M & R: An extensive form of localized
M & R, which includes partial-depth or full-depth patching,
slab replacement, slab undersealing, and slab grinding. The
area of a feature within this category is generally greater than
3.5 percent of the total surface area.

3. Overall M & R: Includes the entire pavement feature.
Load-carrying capacity is usually improved, and such strate-
gies as overlaying, recycling, and total reconstruction are
included. .

Figure G-5 shows the ranges of PCI within each mainte-
nance and rehabilitation category (zone), based on the opin-

‘ions (without knowledge of the PCI values) of experienced

engineers with respect to the required-maintenance and reha-
bilitation activity for numerous pavements. Figure G-6
shows the variations of the PCI along a runway feature.
Specific routine or major maintenance and rehabilitation al-
ternatives for various types of existing distress and asso-
ciated severities are given in Tables G-1 and G-2.



STEP 1. DIVIDE PAVEMENT FEATURE INTO‘SAMPLE UNITS.

STEP 8.  OETERMINE PAVEMENT

STEP 2. INSPECT SAMPLE UNITS: DETERMINE DISTRESS TYPES CONDITION RATING

AND SEVERITY LEVELS AND MEASURE DENSITY.

OF FEATURE.
e Light LBT PCI RATING
/ / /. Crocking ‘ 100[
: — Medwm Alhigotor EXCELLENT.
85
- ypl//uv‘__tt. Rl 7 e VERY GOOD
STEP 3. DETERMINE DEDUCT VALUES _
70
L8 T Cracking Athgotor
100 100 6000
W w 55
2 = FAIR
g g
- - -~
3 EL 40
S @ POOR
o [a]
. |
¥ . 1 0 / 1 —_
. %JOENQTY PERCENT 100 +  TOIDENSITY PERCENT 100 25 © .
{Log Scole) {Log Scale} -~ . VERY POOR
. : ) )
STEP 4. COMPUTE TOTAL DEDUCT VALUE (TDV)a+b o L FAILED

STEP 5. ADJUST TOTAL DEDUCT VALUE
100

q 3 Number of entnies with )
deduci values over 5
points

]
!
!
1
i

CORRECTED
o DEDUCT VALUE

©

TOV:=as+d 100 . 200
TOTAL DEDUCT VALUE

STEP 6. COMPUTE PAVEMENT CONDITION INDEX (PCI)=100-COV FOR EACH SAMPLE UNIT
INSPECTED ) -

STEP 7. COMPUTE PCl OF ENTIRE FEATURE (AVERAGE PCI'S OF SAMPLE UNITS).

FIGURE G-3 Process for determining the PCI of a pavement feature (39).



Overall Condition Rating= PCI ,
Excellént, Very Good,(Good) Fair, Poor, Véry Poor, Failed.

Variation of Condition Within Feature - PCI

2. Localized Random Variation (Yes,) Mo

b. Systematic Variation

&= E

. Rate of Deterioratioh of Condition - PCI

a., Long-term period (since
construction)
b. Short-term period (1 year)
4.‘ Distress Evaluation

a. Cause

Normal,

(Load Associated Distress

Climate/Durability Associated
Other( A&/ )Associated Distress

_ b. Moisture Accelerated Distress
5. Load Carrying Capacity Deficiency
6. Surface Roughness

7.  Skid Resistance/Hydroplaning
(runways only) ,

a. Mu-Meter

- b.. Stopping Distance Ratio

c. Transverse Slope

8. Previous Maintenance

—%

3¢ percent deduct values .

.&’

‘Minor,

58)percent deduct values

_6 percent deduct values

Minor, {((Modératey\ Major

'

‘Moderateyy Major

"~ No hydroplaning probiems

are expected

Transitional : .
Potentional for hydroplaning
very high probability

No hxdroglaning antici?ated
otential not well define
Patential for hydropTaning

Very high hydroplaning

potential .
Poor,  Fair, Good, Excellént

Low, Normal,

FIGURE G4 Airfield pavement condition evaluation sur"nrhary @9). Note: Circled items refer to the field

case study.
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FIGURE G-6 PCI profile along runway feature (39).
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TABLE G-1

RECOMMENDED PREVENTIVE AND LOCALIZED M & R METHODS FOR JOINTED-CONCRETE-SURFACED AIRFIELD
PAVEMENTS (39) ‘

. Slab
Doing Crack Joint Partial-Depth Full-Depth Slab Slab Slab Jacking
Type of Distress Nothing Sealing Sealing Patching (bonded) Patching Replacement  Undersealing Grinding Grouting

Blowup LorM* H* H*
Cornerbreak L L, M, MorH

Longitudinal, L, M, H® H H
trangvoroo, og H
or diagonal
cracking
D-cracking
Joint-seal damage
Small patches
(<0.46 m?)
,Large patches
(>0.46 m*)
Pop-outs
Pumping
Crazing and
sealing
Settlement and
faulting
Divided slab L, M, : MorH .
! orH ! ¢
‘L.orM ‘L, M, Mor H* M or H*
- . orH
Corner spalling L . LorM MorH

o

| L® MorH MorH H
MorH*
M MorH'. - H'

Mor H* H' H

MorH H

(20N B S 2 o o
2

H . MorH MorH

Shrinkage cracking
Joint spalling

c >

Notes: 1 m? = 10.8 fr?. .
A = type of distress that has only one severity level; L = low-severity distress; M = medium -severity distress; and H = high-severity distress.
*Must orovide expansion joint.
PAllow crack to continue through patch except when using asphalt concrete. ¥
*Seal all joints and cracks. '
°Joint seal local areas. Vd
*Replace patch.
'Only when surface is unacceptable.
*1f caused by keyway failure, provide load transfer.

\

TABLE G-2

RECOMMENDED PREVENTIVE AND LOCALIZED M & R METHODS FOR ASPHALT- OR TAR-SURFACED
AIRFIELD PAVEMENTS (39)

'Partial-, Full-  Heating Fog Application
Doing Crack Depth Depth Skin and Sand Sealing' Application of Aggregate
Type of Distress Nothing Sealing Patching Patching Patching Rolling (emulsion) of Rejuvemtor Sealing Coat

Alligator MorH MorH LorM
cracking . ,

Bleeding

Block cracking L, M, . - L LorM
orH '

MorH MorH

Corrugation .
MorH MorH MorH

Depression
- Jet blast
Joint reflection
cracking orH
Longitudinat L, M,
and transverse . orH
cracking
Oil spillage
Patching
Polished
aggregates
Raveling and
weathering
Rutting
Shoving
Slippage
cracking
Swelling

L~ LorM

Corrrc o

A
L, M, H 1
H

LorM L MorH

‘MorH MorH " MorH
MorH

N S Lok
=

«

MorH

Note: A = type of distress that has only one saverity level; L = fow-severity distress; M = medium-severity distress; and H = high-severity distress,
*Requires prior app: | i
®Replace patch.

Y d pa g



APPENDIX H

UTAH—CURRENT PRACTICE

The following information is based on a meeting with Dale
Peterson, Douglas Anderson, and Dale Davenport in De-
cember 1978, and was reviewed by Douglas Anderson in
April 1981. .

TYPES OF DATA COLLECTED

Pavement condition data are collected on both a subjective
and objective basis, and include: ride, distress, deflection,
and skid resistance. ‘
Ride

The Cox meter is used to measure roughness data. The

meter is mounted in an automobile to measure the relative -

vertical movements of the rear axle. The data are used to
determine the present serviceability index (PSI):

PSI = 4.18 — 0.007(RC)°% — 0.01 \/ C + P — 1.34RD?
where

RC = summation of roughness count/mile,
C = ft? of cracked area/1,000 ft? of paved surface,
P = ft? of patched area/1,000 ft? of paved surface, and
RD = average rut depth in inches measured at the deepest
part of the rut.

Ride evaluations are made in one direction on primary and
secondary highway's and in both directions (outer lane) on
freeways. '

The data are coded on forms, analyzed, and then listed in
order from the roughest to the smoothest highway sections
on the basis of the average PSI along the section (Figure
H-1). A list of sections ranked by minimum PSI within each
highway section is also provided by the program (Figure
H-2). This list pinpoints short, rough areas, such as patched
areas. Finally, a serviceability listing is generated to identify
those sections that have reached the terminal serviceability
index (TSI) specified for that section (2.5 for highways, 2.0
for low-volume roads) (Figure H-3).

Surface Distress

Subjective evaluation of pavement distress is performed
by pavement evaluation crews. A visual inspection of 500 ft
in each mile is conducted. The pavement parameters that are
surveyed and the rating scales used are shown in Figure H-4.

From ' the field survey a combined distress index is com-
puted as follows: '

CA+2M + L +T)
T

Distress index =

where

A = alligator crack rating,

M = map crack rating,

L = longitudinal crack rating, and
T = transverse crack rating.

[
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Based on this analysis, a list of pavements in each mainte-
nance district, from the most distressed to those with no
apparent distress, is provided annually (Figure H-5). As indi-
cated above, pavement cracking alone is considered in the
listing; emphasis is placed on alligator and map cracking, as
these distress types are usually associated with a more ad-
vanced state of deterioration. .

Deflection

Structural adequacy is evaluated by measuring deflection
with a Dynaflect. Two Dynaflects are used for the annual
deflection inventory, which consists of measuring deflection

State Beg. Start End End

No.ICo ooutef e | Termini  |M.P Termini  |m.p, {ndex
i [18|E02 [ 8.40 [Saltair 105.49SLC Airport _ [13.89] 1.9
{216 106]0.35 |sct. srR-131 4.38|a1h No.Bounifui | 4.73] 2.3
3 [i18] 171 | 1.75 |Redwood Road | 8.16luer. SR 1-15 | 9.91| 2.7
a |18] 201 | 0.79 luct. 1-15 17.64ldct. SR-271  |18.43{ 2.7
5 |18| 186 | 1.00 JEast End US-40 [ 0.00[2500 West 100 29
6 18] 171 ] 5.30 Jset. sR-m 0.00/4000 West 530| 3.0
7 |22| EO2 | 3.60 |Coaiville 167.72|Echo Dam 171.32] 3.0
8 |18|270| 0.75 |East End 1-15 | 0.00}ist. W. Railrood | 075| 3.0
9 [18] 201 | 2.03 [Redwood Rood [15.61}dct. 1-15 17.64 3.1
10[18] 071 | 1.00 [praper west | 2.82[11,400 south | 382] 3.1

FIGURE H-1 PSI average ¢2).

No.|Co. 333':2 Length TeBuangi.ni S;A'.ur:.' TeErr:':ini 5{‘3. Index
1 [18[e02 | 8.40 [sattair 0549SLC Airport . [I13.89] 1.2
2| 6|106[0.35 |uct. SR-131 4.38(41h No.Bountiful | 4.73| 2.3
318|171 | 1.75 [Redwood Road | 8.16]Jct. SR 1-15 991| 2.4
4 18| 171 | 5.30 [uct. SR- 5.30/4000 West - | 5.30| 2.5
5 (18] 201 | 0.79 [dct. 1-15 17.64}Jct. SR-271 18.43| 2.7 |
6 |22|E02 | 3.60 [Coalville 167.72)Echo Dam . 171.32( 2.8
7 18 {186 | 1.00 {East End US-40| 00012500 West 1.00| 2.9
8 |18 201 | 2.03 |[Redwood Road |1561 |Jet. I-15 1764 3.0
9 [18{270]| 0.75 [East End 115 | 0.00|ist. W. Railroad | 0.75] 3.0
10 (181071 | 1.00 |Draper West 2.82|11,400 South | 3.82] 3.1
FIGURE H-2 PSI-minimum 42).
Nofco oo lLangth] o8 h TE:::inl e | Pst[Ts
1 [18]eo2] 8.40 [saitair 0549{sLC Airport  [13.89] 1.9 [ 2.0

FIGURE H-3 PSI failures ¢2). .



11 to 15 per Sq. Ft.

More than 15 per Sq. Ft.

1- Non-uniform

FIGURE H-4 Field sheet for surface rating systems.

Transverse Longitudinal Map S1ipperness l )
Cracking Cracking Cracking | & Bleeding | Polishing Rutting [Spalling [|Roughness| Patching
5=None 5.0=Good,
5=None (0-50 Ft. 5=None 5.0=Good, | Coarse 5=None 5=None S=Very 5=None
Per Mile) Coarse Angular or Slight Smooth
4=Slight 4=1 to 4% ) _
(Less than| 4=Slight of the Sur-}] 4.0=Fair, | 4.0=Fair,
10 Cracks | (50-500 Ft. | face Crack-| Granular |Rounded B=1/16" to | 4=Slight H=Smooth | 4=Slight
Per Mile) Per Mile) ‘ed 1/8"
3=Moderate | 3=Moderate | 3=5 to 10% 3.0=Aggre- 3=Moderate,
(100 to 500 (500-2000 of the Sur-l 370=Slight|gate Slight- 3=1/8" to Some - )
Ft. Between| ‘Ft. Per face Crack-| Bleeding {1y Polished 1/4" Aggregate | 3=Fair {3=Moderat=
Cracks) Mile) ed Removed
2=Severe 2=Severe 2=11 to 40% 2.0= 2.0= 2=Poor,
(30 to 100 (2000-3500 of the Moderate Aggregate Aggregate
Ft. Between| Ft. Per Surface Bleeding Polished 2=4 to %" | Eroded % 2=Rough | 2=Severe
Cracks) Mile) Cracked Moderately Way Through
Material
1=Very 1=Very 1=More than 1.0= 1.0= 1=Eroded :
Severe Severe 40% of the | Bleeding | Aggregate 1=More ICompletely | 1=Very | l=Very
(Less than | (More than Surface Badly Polished than %" Throggh Rough Severe
30 Ft. Be- 3500 Ft.) Cracked Severely Material
tween Cracky) -
CONDITION OF CRACKS
OPENING ABRASION MULTIPLICITY
5- HAIRLINE OR FILLED  5- NONE 5- NONE
4- 1/16 to 1/8 inch 4- Slight Wear at Edge 4- Few Assoc.
Hairline Cracks -
3- 1/8 to 1/4 inch 3- Some Aggregate Removed . 3- Map Cracks with
Trans. Cracks
2- 1/4 to 1/2 inch 2- Eroded 1/2 Way Through Mat. 2- Alligator Cracks
with Trans. Cracks
I- greater 1/2 inch 1- Eroded Through Mat. 1- Associated Cracks
: - Dishing Out
CONDITION OF SURFACE
WEAR WEATHERING
5- NONE - Mat. Uniform 5- NONE - Mat. Original
Dark Color
4- Slight Agg. Showing 4- Slight - Mat. is Color
in Wheel Path of the Agg. (not protuding)
3- Moderate Agg. Showing 3- Moderate - Agg. Protrudes
Protruding up to 1/16 inch. ~ Across Whole Mat.
2- Severe Agg. Showing 2- Cracks Due to MWeathering
Protruding one 1/16 inch.
1- Abrasion More Then 20% Agg. 1- Agg. Kicked out 20% Uni-
Kicked out in W. P. formly Across Pavement
POPOUTS UNIFORMITY
5- Less Than 1 per 3 Sq. Ft. 5- Good
4- 1 to 5 per Sq. Ft. 4- Streaked
3- 6 to 10 per Sq. Ft. 3- Cracks Sealed
2- 2- Blotchy




No.[Co [aoete [Lenath Toreni Y4 Termin P [index
1 118|186 1.00 |[East End. US-40| 0.00{2500 West . 1.00} 1.0
2 [18| 071 { 1.00 [Draper West 2.82|11,400 South 382| I1.O
3| 6}106]0.35 |Jct. SR-131 4.38[41h. N. Bountiful | 4.73] 1O
4 118|171} 1.75 [Redwood Road | 8.16Jct. SR I-15 991]3.0
518|171 ]15.30 [Jct. SR-1It 0.00{4000 West 5.30| 3.3
6 [18]201 | 0.79 |Jct. I-IS 17.64|Jct. SR-271 18.43| 3.6
7 |22| €02 | 3.60 |Coalville 167.72|Echo Dam 171.32| 3.7
8 |18] 201 | 2.03 |Redwood Road (1561 |Jct. I-15 1764 3.8
9 {18 |EO2 | 8.40 |Saltair v 105.49/SLC Airport 113.89] 4.2
10[18|270| 0.75 |Edst End'I-15 0.00{Ist. W. Railrood | 0.75| 5.0

FIGURE H-5 Distress analysis (42).

.on one segment of each mile. A maintenance engineer may
request a second analysis to obtain more extensive data in
weak areas. Deflection parameters used to estimate the
strength of the surface and base layers are the Dynaflect
maximum deflection (DMD), the surface curvature index
(SCI), and the base curvature index (BCI). The data are used
to estimate years to failure. For comparison purposes, the
remaining life prediction has been converted to a 1 to 5 rating
similar to that used in the PSI and distress analysis:

Years to Structural
Failure Rating -
>10 5.0
8-10 4.5 .
6-7 4.0
) 3.5

. 4 3.0
3 2.5
2 2.0
1 1.5
0 1.0

An example of the structural analysis output for a given
district is shown in Figure H-6.

Skid Resistance

The Mu-Meter is used to estimate the friction number by
pivoting the testing wheels to an angle with the line of move-
ment at 40 mph and measuring the resulting friction force
generated. The friction numbers range from 0 to 100. Values

No. Co. g.':a:g Length T::ngini - f}."é’ TSrnr:inl 5?'3. index
T Tie | 201 | 2.03 |Redwood Road | 1561 [Jct. I-15 1764] 1.0
2 lis| 270 | 0.75 |East End 1-15 | 0.00)ist. w. Railrood | 0.75] 1.0
3 |18|e02 | 8.40 [sotair l0549lsLC Airport  [1389] 1.5
4 18] 201 [0.79 fsct. 1415 17.64ct. SR-271 1843} 1.5
5 [22]e02 [ 3.60 |Coatvilie \6772Echo Dom 17132] 3.5
& |18 171 | 1.75 |Redwood Road | B.18luct. SR 1-15 | 991] 45
1716|106 | 035 |oct. srR-131 4.38[ath. N. Bountiful | 4:73] 45
8 |18]186 | 1.00 |gast End US-40| 0.00[2500 West 100| 4.5
9 |1s| 171 | 5.30 fuct. SR 0.004000 West 530| 5.0
10{18] 071 | 1.00 [praper west | 2.82[1,400 Soutn | 382| 5.0

FIGURE H-6 Structural analysis (¢2).
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below 35 are considered to indicate a need for pavement
surface improvement.

Areas 0.10-mi long are tested every mile in each section.
Any areas that appear to be slippery are also tested. Two lists
are provided to the maintenance people: the average friction
numbers in each section (Figure H-7); and the minimum
values in each section (Figure H-8). The minimum ranking
can identify a slippery area, such as a bleeding patch, that
might otherwise be lost in the average.

No.(Co. :L?.:i Length TeBr:?I.ni il'l?s Tsr"rglni SI"g Index
I [18[071 | 1.00 [Droper west 282,400 South [ 3.82[29
2 [18] 270 0.75 [East End 1-15 | 0.00|Ist W. Railrood | 0.75| 3 3
3 (18] 186 | 1.00 |East End US-40| 000[2500 West 1.00[ 35
4 |22[€02 | 3.60 [Coalvitte 167 72Echo Dam 171.32| 4 3
5 118|171 | 1.75 |Redwood Road | 8.16 [Jet. SR t-15 991{49
6 |18] 201 | 203 |Redwood Road 1561 |Jct. 1-15 17.64| 51
7 181171 | 5.30 [yct. SR-11 0.00{4000 West 530 56
8 |18 E02| 8.40 |Saltair 10549|SLC Airport  [13.89] 58
9 |18]| 201 | 0.79 [yct. 1-15 17640ct. SR-271  [18.43] 63
10| 6/106 {0.35 Juct. SR-13I 4.3841h. N. Bountiful | 4.73] 70
FIGURE H-7 Skid average (42).

NoJCoamtelLena | Termini Wo | remni e [ndex
1 [18]071 | 1.00 [Oraper west | 282{11,400 South | 3.82[ 29
2 118} 270 0.75 |East End 115 | 0.00|Ist. W. Railroad | 0.75] 30
3 18| 186 | 1.00 |East End US-40] 0.00[2500 West 1.00| 33
4 [18[171 | 5.30 |uct. SR-111 0.00/4000 West 5.30| 33
5 |22|E02 | 3.60 [Coalville 16772{Echo Dam 171.32] 41
6 [18] 171 | 1.75 |Redwood Road | 8.16[Jct. SR I-15 991| 49
7 |18|€02 | 8.40 jSattair 10549{SLC Airport  [13.89 49
8 |18] 201 | 2.03 [Redwood Rood |1561 |Jct. I-15 17.64| 50
9 [18] 201 | 0.79 |uct. I-15 I764lct. SR-271  [18.43) 53
10| 6] 106 | 0.35 |Jct. SR-131 4.38[4th. N. Bountiful | 4.73] 62

FIGURE H-8 Skid minimum (2).

Overall Rating

A combined rating, calculated by using the PSI, structural
index, and distress index, is used in establishing maintenance
priorities. The friction number is a surface problem and thus
is not directly related to the other forms of distress.

A final index (FI) is calculated as follows:

FI = 0.47 (F, (PS)** + F, (SD)*S + F, (DD)'3]

where
PSI = present serviceability index,
SI = structural index, i '
DI = distress index, and
F,, F,, F, = weighting functions (Table H-1).

The overall rating (FI) obtained by this inethod is shown in
Figure H-9 along with the other ratings.



TABLE H-1

WEIGHTING FUNCTIONS USED TO ESTABLISH FINAL INDEX*

FUNCTIONAL CLASS F1 LOngAADTb F3 F1 MEDFI-'[ZIM AAD;3 R ngg AADTF3
1 0.45 0.25 0.30 0.50 0.20 0.30 0.55 | 0.15  0.30
2 0.40 0.30 0.30 0.45 0.25 0.30 0.50 0.20 6.30
3 0.35 0.35 .0.30 0.40 0.30 0.30 0.45 0.25 0.30
4 0.30 0.40 0.30° 0.35 0.35 . 0.30 0.40° 0.30 0.30
5 0.25 0.45 0.30 0.20 0.40 0.30 0.35 0.35 0.30

31f speed limit is
by 0.05.
F1 and F3 are reduced by 0.05.

bAnnua1 average daily traffic,

Detailed Data Sheet.

For each pavement section tested, a printout is generated
showing the condition of each mile with respect to ride,
distress, structural adequacy, and skid resistance (Figure
H-10). This printout provides detailed condition information
related to each type of data, furnishes a profile of condition
for use by design and maintenance personnel and predicts
the remaining life of the section.

DATA REDUCTION AND STORAGE

The pavement inventory data are hand-reduced on the
coding forms by milepost, keypunched, and edited before
filing in the computer. The computer system (Univac 1160)
sorts, merges, records, and ana]yzes incoming field data. The
system combines these data with traffic information, and, by
means of statistical and empirical methods and equations,
lists based on structural adequacy, surface friction, service-
ability, and surface distress are developed. ‘

The estimated costs for data collection and reduction are
_ summarized in Table H-2. The costs are calculated to be

greater than 40 mph, F1 is increased by 0.05 and F2 is reduced
If percent heavy trucks is greater than 5%, F2 is increased by 0.1, and

about $15 to $20 per mile for monitoring 4,130 center-line mi
of primary and secondary roads and 940 center-line mi of
Interstate highway.
The cost breakdown for types of measurement is estimated
. as follows:

Measurement %
Deflection 30
Distress 30
Ride 20
Skid 20

All funds for data collection and analysis processes are
derived from the state.

PROBLEMS ENCOUNTERED

1. The teams required to obtain data, particularly distress
data, must be well-trained, which requires that the rating
scale (Figure H-4) be well-defined and that field personnel
undergo training and periodic review.

2. The effects of temperature and/or season of year on ride

NolColoioteliength| — Be9 . I rermini | MP. linao [Structiistress| PS.1 Sl?(vi%
I [6106 | 035 [t SR-131 438[4th No. Bountiful| 473| 2.4 |40 | 1.0 | 23 | 70
2 | 18]E02 | 8.40 [Saitair 105.49/SLC Airport  |389] 24 | 10| 4.2 | 19| 58
3 [18| 201 | 0.79 {vet. 1415 17.64)Jct. SR-271  [18.43| 24 | 1.0 | 36 |27 |63
4 |18]186 | 1.00 |East End US-40 | 000[2500 W. tool 25|40 | 1o |29 ] 35
5 [18] 201 | 2.03 |Redwiood Road  [15.61]Jct. 1-15 1764 26 | 1.0] 38 |31 | 51
6 |18] 071 | 1.00 proper West | 2.82[11,400 South | 382| 2.7 | 5.0 | 1.0 | 3.4 | 29
7 |18] 270| 0.75 [East End 1-15 | 0.75(1st W. Railroad | 0.75) 2.8 | 1.0 | 50 | 30| 33
8|18} 171 | 1.75 |Redwood Road | 8.16|uct. SR 1-15 991/ 29 | 40| 30 |27 |49
9 [22|€02 | 3.60 [coalville 67.72|echo Dam 713230 | 30| 37 [30] a3
10|18} 171 | 5.30 [det. SR-m 0.00{4000 West 530/ 32 | 50| 33 | 30| 56

FIGURE H-9 Final summary table ¢2).
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FIGURE H-10 Printout showing condition of each mile with respect to ride, distress, structural adequacy, and skid resistance.
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TABLE H-2

ESTIMATED COSTS FOR DATA COLLECTION AND
ANALYSIS

1978 - 79 1979 - 802
PERSONNEL  $ 77,000 $ 75,000
TRAVEL 4,500 5,000
EQUIPMENT 7,800 8,000
OTHER 500 800
DATA '
PROCESSING 1,400 5,600
'$ 91,200 $ 94,400
$17.99/mi® $18.62/mi®

3gstimated through June 30, 1980.

l:'Based on 4,130 roadway-miles tested on primary and
secondary roads and 940 center-line miles on
Interstate highways.

and deflection data must be accounted for to ensure adequate
data. .

3. Ride and deflection equipment need to be periodically
calibrated. ,

4. The time period for getting out the reports is short.
Normally, data collection is started in May in order to pro-
duce reports by November.

5. Data processing efforts would be improved if the
system were automated.

6. Equipment maintenance is a problem A ready supply
of parts is needed. Equipment maintenance can be reduced
by preventive maintenance.

7. Milepost changes lead to difficulties in the comparison
of results from one year to another.

SAMPLING PROGRAM

Currently approximately 4,630 mi of primary and second-
ary roads and 940 mi of Interstate highway are monitored
every 2 yr (about 50 percent of the roadways is checked each
year). Both portland cement and asphalt concrete pavements
are evaluated.

To realize the greatest benefit from the program, the fol- .

lowing criteria are used to select projects for evaluation in
any given year:

1. Control sections that are tested every year to insure
data consistency,

‘2. Pavements that had an index of below 3.0 for any type
of data (deflection, distress, ride, or skid) for the previous
year,

3. Sections that are requested for testing by district per-
sonnel, and

4. Pavements that have not been tested for 3 yr

Ride and deflection are evaluated in one direction for
primary and secondary roads and in both directions on In-
terstate highways (outer lane only). Ride is recorded con-
tinuously, whereas deflection measurements are taken only
.once per mile. Distress is evaluated over a 500-ft section in
each mile, and friction measurements are taken over a 0.1-mi
section in each mile. _

The information is coded, keypunched, and stored on the
central processor (Univac 1160) for use in establishing main-
tenance priorities and rehabilitation strategies.

USE OF DATA

The data are used for a variety of activities, including
priority programming and establishing rehabilitation strate-
gies, and will eventually be used for pavement management.

Priority Programming

Each year data on serviceability, distress, structural ade-
quacy, and friction number are plotted with previously
gathered data to obtain an indication of the change in condi-
tion with time (Figure H-11). The data are also used to cal-
culate, at any time, a combined rating or final index (FI),
which does not include friction number. The final index and
other indexes are shown in Figure H-9, which provides dis-

4
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FIGURE H-11 Pavement condition' versus time (42).
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trict personnel with information on the relative condition of
the sections in each category for making decisions regarding
needed maintenance.

Establishing Rehabilitation Strategies

The data, along with local experience, are used by district
"personnel to establish the type of maintenance and rehabilita-
tion (seal, overlay, etc.) required.

Pavement Management

A system is currently being developed that will combine

data bases, including traffic volume and accident, mainte-'

nance, construction, road life, and pavement evaluation data
within a pavement management system. (43).

FURTHER OBSERVATIONS

The pavement evaluation system is designed to provide
pavement information in the form required by the various
districts and divisions for effective management of the pave-

ments. The pavement condition data have application in the
following areas:

® Pavement rehabilitation programs,

® Pavement surface maintenance,

® Monitoring pavement performance,

¢ Improving pavement designs,

® Improving pavement performance,

® Programming funds,

® Planning short- and long-range improvements, and
o Budgeting funds.

The proper management of pavements is expected to pro-
duce dividends through savings to the state and the highway
user.

The general flow of information related to pavement per-
formance and needs is shown in Figure H-12. The figure also
shows the relationship among the various districts and divi-
sions involved with pavement management.

The state is embarking on an extensive pavement rehabili-
tation program. The pavement evaluation system should be

. of particular benefit in this area by providing information that

can be used in establishing priorities for improvements and in
selecting the mc;st promising rehabilitation procedures.

APPENDIX |

WASHINGTON—CURRENT PRACTICE

The following information is based on meetings in No-
vember 1978 with R. V. LeClerc, Materials Engineer; Art
Peters, Assistant Materials Engineer; Tom Nelson, Pave-
ment Management Engineer; Newton Jackson, Pavement
Design Engineer; Bob Gietz, Special Projects Engineer; and
Keith W. Anderson, Assistant Special Projects Engineer, of
the Washington Department of Transportation.

“The information was reviewed by Tom Nelson in March
1980.

TYPES OF DATA COLLECTED

The pavement management system is based on the concept
that the present serviceability of a roadway should be a com-
bination of two factors: (a) the quality of the ride provided by
the roadway; and (b) the severity of pavement distress or
_ failure. This information has been collected on 8,000 mi of
state highway for the past 13 yr.

Ride

The ride score is obtained by objective evaluation. A Cox
"meter is mounted in a vehicle to measure rear axle deflec-
tions along a pavement profile. The ride score (R ,) is based
_on a scale of 0 to 9 (a score of 0 indicates a ‘‘glass’’ smooth

ride and a score of 9 indicates a very rough nde) and is
calculated as follows:

12

Asphalt concrete pavement: R, = (%) -1
12

Bituminous surface treatment: R, = (%) -1
12

Portland cement concrete: R, = (C:)_OM) -1

where

"CPM = counts per mile from the meter.

One vehicle is used to evaluate the 8,000 mi of state high-
way every other year. All roughness data are physically re-

‘corded on coding charts for each project and later stored in

the main computer for data analysis.

Distress

Distress is evaluated subjectively by judging the severity
of pavement distress, and objectively by measuring the ac-
tual extent of a distress. Evaluations are performed by two-



man teams. Charts displaying the values of defect deductions
for flexible and rigid pavements are shown in Figures I-1 and
I-2, and the field rating data form is shown in Figure 3
(Chapter 2). The defect deductions are used to determine a
structural rating calculated as follows:

Sg=100-z:D
where: i
Sg = structural rating, and
£ D = sum of defect deductions.

\

To keep the sum of defect deductions on any rated pave-
ment below 100, adjustment values are used as follows.

Total Negative Values Adjusted Values

<90 No adjustment (same value)
91-94 91
95-105 93
106-115 : . 95
116-125 97
126-140 98
>140 99

This adjustment is used because only comparative ratings are
desired when pavements have reached the above levels of

deterioration and the rankings of roadways for priority pro-

gramming will not be affected.

Overall Pavement Rating

After completion of the pavement survey, the data are
keypunched, audited, corrected, and adjusted to true road-
way lengths. The final rating is calculated as follows:

R, "
Final Rating = SR(I - —> .
10
The individual ratings are summarized by pavement type

within the length of roadway.

Other Data

~ Roadway friction data are collected using a K.J. Law test
vehicle. The data are not currently used in making pavement
. management decisions, but will probably be used in the fu-
ture. Deflection data are infrequently collected with a
Benkelman beam, and are used for individual project overlay
design; however, the data are not used in making pavement
_ management decisions.

SAMPLING PROGRAM

A ride and pavement condition survey is conducted once

every 2 yr on the 8,000 mi of pavement that make up the state .

highway system. One ride vehicle and four two-man rating
teams from the headquarters’ Planning and Survey Section
‘make the evaluations. Each team walks the ‘‘middle’” 200 ft
of each subsection (1 mi or less), measures and notes each
defect, and then applies the resulting evaluation to the entire
subsection.

Uniform recognition and classification of pavement dis-
tress are essential. All raters are trained in the recognition of
defects and the use of the rating sheets. The teams rate a few
preselected sections of roadway. Ratings are compared and
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TABLE I-1

PROGRAM COSTS (1978-1980)

DATA COLLECTION AND PROCESSING

Personnel $ 82,767
Travel 18,884
Equipment rental
(including calibration) 29,400
Subtotal §$ 131,051
Indirect costs @ 20% 26,210
Total $ 157,261/8000 mi
= $20/mi

$ 250,000/8000 mi
= $31/mi

PROGRAM DEVELOPMENT

a mutual decision is made on the type and extent of the
defects noted. Each team spends at least one-half day with a
trainer rating. the regular sections of roadway to further en-
sure consistency of evaluation.

DATA REDUCTION AND STORAGE

The ride and pavement condition data are hand-recorded
on the coding form (see Figure 3 in Chapter 2) by milepost,
keypunched, and audited before filing in the computer. The
data have been collected since 1967.

The estimated costs for the data collection and data reduc-
tion are summarized in Table I-1. Also given are the esti-
mated program development costs. .

PROBLEMS ENCOUNTERED

1. Even though raters study color slides of all types of
distress, train on actual pavement sections, and work with

“ veteran crews, by far the biggest problem is subjectivity in

the evaluations by personnel. Tésts given to check consist-
ency of evaluation among the teams produced discouraging
results. After the first two surveys were conducted, it was
recognized that requiring the efforts of two people from each
district for over 3 months was too much of a drain on some
offices. Currently, the entire operation is conducted by the
headquarters’ Planning and Survey Section.

2. Changes or modifications in defect deductions, distress
evaluation, equation parameters, or vehicles used to mea-
sure roughness result in inconsistencies when previous sur-
veys are compared to the current survey.

3. Milepost updating has created some minor problems.
Two types of milepost have been used: control and route
mileposts. If either of these are changed because of realign-
ment of routes, the data need to be adjusted. Thus all data
banks must be accessible.

-USE OF DATA

The data collected have previously been used primarily for
priority programming; however, sufficient data have now
been acquired for developing performance history for use in
pavement management.
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Priority Programming

The data from the pavement condition survey are currently
used by the Priority Programming Section to prepare recom-
mendations for scheduling future highway construction and
maintenance. Pavement condition is one factor used to
establish priorities; other factors include bridge conditions,
hazardous accident locations, volume-capacity ratio defi-
ciencies, and geometric deficiencies. All projects are as-
signed a priority ranking related to each factor considered.

Pavement Management

The data are also used in the pavement management
system, which is a method of tabulating rehabilitation strate-
gies and their total costs for a system of pavements. The
primary function of the system is to provide administrators

“ with the necessary information for planning and budgeting in

the overall maintenance of the state roadway system.

A computer program developed to adcomplish this task
includes the following basic components:

1. Prediction of pavement condition with time.

2. Selection and tabulation of reasonable rehabilitation
strategies based on needs shown by predicted performance.

3. Calculation of the cost of each strategy. .

Pavement condition data collected over the past 13 yr have
been used to develop performance prediction equations.
Some typical equations for flexible pavements are given in
Table I-2. Prediction models have not yet been developed for
portland cement concrete pavements.

As the pavement wears out, the pavement ratings drop

PAVEMENT CONDITION RATING
BITUMINOUS PAVEMENTS

DEFECT DEDUCTIONS

Negative Values Are Assigaed
To The Failurcs By Degrec

Throughout Rated Section
None 1/4-1/2 1/2-3/4 3/4+
RUTTING Average
PAVEMENT Depth (1) 1/4-1/2" s
WEAR in (2) 1/72-3/4" 12 Negative
Inches (3) Over 374" 20 Values
Change Per 10 Feet in Inches
None#/8-2 2-4 4+
CORRUGAT IONS
- WAVES Percent of ‘(1) 1-25 1 2 3
SAGS Roadway (2) 26-75 . 2 3 4 Negative
HUMPS (3) 76« 3 4 S Values
Percent of Wheel Track Per Station
Nonc 1-24 25-49 5(-74 75«
ALLIGATOR (1) Hairline 2 3 10 15
CRACKING. (2) Spalling 5 10 15 20 Negative
(3) Spalling & Pumping 10 15 20 25 Values
Local- Wheel Entire
ized Paths Lane
RAVELING
OR (1) Slight. 2 3 10
FLUSHING (2) Moderate [ 10 15 Negative
(3) Severe 10 15 20 Values
Average Width in Inches P
! None 1/8-1/4 1/4+ Spalled
Lincal
LONGITUDINAL Feet (1) 1-99 10 15 20 .
CRACKING Per (2) 100-199 15 20 25 Negative
Station (3) 200+ 20 25 30 Values
- | Average Width in Inches
‘None 1/8-1/4 1/4+ Spalled
TRANSVERSE Number (1) 1-4 8 10 18 )
CRACYING Per (2) s-9 9 12 17 Negative
Station (3) 10+ 10 15 20 Values
Average Depth in Inches
None 0-1/2 .1/2-1 1«
PATCHING Percent ‘Arca (1) 1-5 2 S 7 .
Per Station (2) 6-25 S 7 10 Negative
(3) 26+ 7 10 1§ Values
FIGURE I-1 Defect deductions for use in structural rating for bituminous pavements (44).



(Figure 1I-3) until a level is reached when some typerf main-
tenance should be considered (SHUD). If maintenance is not
applied at this time, the ratings will continue to drop until
some type of maintenance is mandatory (MUST). These
levels are constants in the program and can be adjusted by
administrators. The rate of decrease is a function of the type
of overlay (thin versus thick).

As the pavement wears out, the associated maintenance
and user costs increase and the salvage value decreases. The
total cost-of any alternative is computed by including the
following formula:
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Total cost = MC + CALT + CTI + UC — SALV

where
MC = routine maintenance,
CALT = cost of overlay,
CTI = user cost incurred by traffic interruption during
rehabilitation, .
UC = user cost incurred by traffic as a result of the con-
dition of the road, and
SALV = salvage value of the pavement at the end of the
study period.

The program produces a listing including project descrip-
tion and construction history, the performance history with

PAVEMENT CORDITION RATING
CEMENT CONCRETE PAVEMENT
DEFECT DEDUCTIONS

Negative Values Are Assigned
To The Failures By Degree

Percont of Panels
None 1-25 26-50 Sl
CRACKING Units :
AVERAGING 1/8+ Per (1 1.2 S 10 20 :
> 4 Panel (2) 3-4 10 20 35 Negative
Length (3) 4+ 15 30 50 Values
Percent of Area .
i None 1-25 26-7S5 76+
RAVELTNG
DISINTEGRATION (1) Slight S 10 20
POPOUTS ’ (2) Moderate 10 20 3s Negative
SCALING (3) Severe 15 30 50 Values
Percent of Joints
None 1-15 16-50 S1+
SPALLING AT - | Average %
JOINTS AND Width 1) B-1 S 10 20
CRACKS in (2) 1-3 10 20 3s Negative®
Inches (3) 3¢ 15 30 50 Values
Percent of Panels
None 1-15 16-35 36+
PUMPING
BLOWING Percent of . (1) 1-9 s 20 35
Panel (2) 10-50 10 25 40 Negative
Length - (3) 51 15 30 45 Values
. Blowups Per Mile
None 1 2-3 4+
BLOW-UPS Number m1 5 , ‘
Per (2) 2-3 10 Negative
Mile (3) 4+ 15 Values
Percent of Pancls
None 1-15 16-35 36+
FAULTING Average /7 . . )
CURLING Displace- (1) 0-1/4 0 10 20 .
WARP ING ment in (2) 1/4-1/2 S 15 25 Negative
SETTLEMENT Inches (3) 1/2+ 10 20 30 Values
Percent of Area Per Pancl
None: 1-5 6-2S 26+
PATCHING Percent of (1) 1-5 2 S 7 -
Panels (2) 6-20 S 7 , 10 Negative
(3) 21+ 7 10 15 Values
Throughout Rated Scction
Nonc 1/4-1/2 1/2-3/4 5/4+
RUTTING Average s
PAVEMENT Depth (1) 1/4-1/2" Negative
WEAR in : 2) 1/2=3/4" 12 Vals
Tnches {3 8% 20  Values

FIGURE I-2 Defect deductions for use in structural rating for cement concrete pavements “4).
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TABLE I-2

EXAMPLE OF PERFORMANCE
EQUATIONS®

ROUTINE MAINTENANCE

R = 99.85 - 0.21112 P>"%°.

OVERLAYS - ' >
o ‘ .00
0.08 ft  -R =100 - 1.41088 P’
0.15 ft R =100 - 0.13637 p*"*°
) .00
0.25 ft R =100 - 0.01615 P°
where: R = Overall pavement rating

P

Number of years

aSeparate equations are developed for
each project.

developed performance equation, itemized traffic data, a de-
scription of certain parameters, and a description of the spe-
_cific rehabilitation alternatives considered. Results of the
analysis are shown at the bottom indicating the optimal tim-
ing of each alternative based on least total cost. The selec-
tions are provided in order of in¢reasing cost so that the first
listing is considered to be optimal from the cost standpoint.
This program is currently being used on a project-by-
project basis to evaluate maintenance strategies. However, it
is not yet routinely applied to all projects. Future plans are
to use this technique to manage the entire state network and
develop future budget needs, etc.

FURTHER OBSERVATIONS

1. The inherent weakness of a subjective method for mak-
ing a comparative ranking is obvious. A system employing
objective measurements by mechanical or electronic means
will ultimately provide more unbiased results.

2. Improved training of raters is necessary. Inconsistent
ratings from-year to year is a problem.

3. Selection of a uniform time of year to rate pavements is
essential. Ratings can vary with the season of the year.

4. It is important to involve maintenance personnel in the
development of management systems.
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FIGURE I-3 Pavement performance curve.



THE TRANSPORTATION RESEARCH BOARD is an agency of the National
Research Council, which serves the National Academy of Sciences and the National
Academy of Engineering. The Board's purpose is to stimulate research concerning the
nature and performance of transportation systems, to disseminate information that the
research produces, and to encourage the application of appropriate research findings.
The Board’s program is carried out by more than 250 committees, task forces, and panels
composed of more than 3,100 administrators, engineers, social scientists, attorneys, edu-
cators, and others concerned with transportation; they serve without compensation. The
program is supported by state transportation and highway departments, the modal ad-
ministrations of the U.S. Department of Transportation, the Association of American
Railroads, and other organizations and individuals interested in the development of
transportation.

The Transportation Research Board operates within the Commission on Sociotechnical
Systems of the National Research Council. The National Research Council was cstab-
lished by the National Academy of Sciences in 1916 to associate the broad community of
science and technology with the Academy’s purposes of furthering knowledge and of
advising the Federal Government. The Council operates in accordance with general
policies determined by the Academy under the authority of its congressional charter of
1863, which establishes the Academy as a private, nonprofit, self-governing membership
corporation. The Council has become the principal operating agency of both the
National Academy of Sciences and the National Academy of Engineering in the con-
duct of their services to the government, the public, and the scientific and engineering
communities. It is administered jointly by both Academies and the Institute of Medicine.

The National Academy of Sciences was established in 1863 by Act of Congress as a
private, nonprofit, self-governing membership corporation for the furtherance of science
and technology, required to advise the Federal Government upon request within its fields
of competence. Under its corporate charter the Academy established the National
Research Council in 1916, the National Academy of Engineering in 1964, and the
Institute of Medicine in 1970.
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