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NOTICE

The contents of this report were developed by
Caltrans Office of Highway Maintenance which
is responsible for the facts and the accuracy
of the data presented herein. The contents are
being implemented statewide and reflect the
official views and policies of the California
Department of Transportation. The contents do
not necessarily reflect the official views or
policies of the Federal Highway Administration.
This report does not constitute a standard,
specification, or regulation.

Neither the State of California nor the United
States Government endorse products or
manufacturers. Trade or manufacturers’ names
appear herein only because they are considered
essential to the object of this document.



ADDENDUM
(February, 1980)

The system described in this report has been fully implemented by the
California Department of Transportation to effectively manage statewide
pavement resurfacing and rehabilitation.

The system identifies problem locations. District managers use the

system to formulate candidate projects. Headquarters program advisors

and managers use system information to prioritize, program and budget
projects, and to determine statewide program funding levels and

geographic fund allocation. The system is used to perform special

analyses and studies for top management concerning highway system conditien,
pavement performance and program performance at a point in time or over

time intervals. The system also supplies useful information to Project
Designers, Materials Engineers and Maintenance Managers.

The rehabilitation cost formulas on Pages 97 through 99 have been
modified for divided roadway facilities to improve the accuracy of the
estimates to support programming stability. Costs are now calculated
for each roadway separately (for its unique problems), and both roadway
costs are then combined for the location cost.

The unit cost factors on Pages 100 and 10! represent 1978-79 base year
values, Currently, these factors have been updated to 1979-80 values
based on the California Construction Cost Index, Cost factor updates
are anticipated annually, but can be accommodated with ease at any time,
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PREFACE

PMS as used in this report 1s a Pavement Management System devel-
oped by the California Department of Transportation {(Caltrans)
in cooperation witn the Federal Highway Administration (FHWA).
Following are several kKey points which the reader should keep in

mind as he progresses through the report.

o} The majority of the work and decisions identified will fall
in the rehabilitation area. DPMS in California is not a

management system for maintenance.

o PMS is a management system aimed at assisting in using avail-
ahle resources more effectively through an informed and im-
proved decision process. PMS is not a design system; design

is the function of the engineering staff,

o) Caltrans rejects a wide variety of pavement rating systems
including: sufficiency ratings, sums of defects, service-
ability ratings, PSI's and PSR's etc, on the finding that
they are "relatively” useless. They all have the "apple and
orange" problem and at best are limited to crudely indicating
that a pavement needs attention. All wind up being dominated
hy one factor or another. Wnat 1s stressed in the California
PMS 1is a determination, on a sound engineering bpasis, of the
appropriate repair which can only be determined by assessing

the pavement conditions, their extent and severity,
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Q At the present time, and on the basis of available infor-
mation, Caltrans believes it unrealistic and impractical to
try to predict on a leong-range basis, future dates of
failure, modes of failure and the appropriate type of repair
for these projected failures, Some pavement management
systems which have been investigated indicate appropriate
rehabilitation strategies 15-20-30 years in the future. This
is too academic and theoretical, It is much more realistic
to inventory pavement conditions at reasonable frequencies to
identify real problems and reasonable solutions with

sufficient lead time to program repairs.

o} In California there are 12,000 or more individual inter-
change ramps, collector roads, etc. There are indications
that these facilities are exhibiting even more problems than
the highway traveled way. A review of the special problems
associated with these kind of facilities leads Caltrans to
the conclusion that it would be unduly complicated and
impractical to incorporate ramps, etc., in the PMS described
in this report. 1In California a ramp and collector road

pavement management system will be addressed separately,

Extensive computerized systems have been developed for all major
PMS components in order to operate the PMS effectively. An
essential key to the PMS is a limited series of user reports
specfifically tailored for each user's needs in the Transporta-

tion Districts and in Caltrans Headquarters,

-jv=-
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METRIC CONVERSIONS

Inch

Foot

Yard

Mile

Ton {short)
Gallon/Square Yard

Station

2.54 Centimeters

0.3048
0.9144

1.60935 Kilometers
907.185 Kilograms
4.5272 Liters per 5q.

Meters

Meters

100 Lineal Feet

310.48

Meters

Moeter
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INTRODUCTION

California's network of state highways is a very large system
composed of both rigid and flexible pavement including 15,000
centerline and 47,000 lane miles. The majority of the existing
state highway pavements have been constructed within the last
twenty vyears. It is evident from Pavement Management System
(PMS5) studies that the California Department of Transportation
(Caltrans) engineers the design of pavements well, since they
have and continue to provide the service life for which they were
designed. A substantial portion of these well-designed pavements
have already or will soon be reaching the end of their service
lives. Pavement conditions are deteriorating and rehabilitation
is required if the public is going to continue to receive the
level of service which it deserves and expects and 1f the State
is to avoid extraordinary maintenance costs, the problems
associated with maintenance forces constantly working on
"band-aid" solutions and the associated problems of user delays

to the traveling public.

Caltrans has developed a PMS which emphasizes an engineered

approach to pavement rehabilitation, and a structured systems
approach for the management of existing pavements. Caltrans PMS
advances the state-of-the-art whereby management is provided new
tools which will assist them in making more cost-effective

decisions.
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The PMS is a straightforward approach which brings together the

following processes:

o Inventorying pavement conditions,

ol Analyzing the extent and severity of pavement
conditions.
Identifying appropriate repalr strategiles.

o} Identifying cost effective strategies and reasonable
alternatives for candidate projects,

Q Relating the repalr strategies to the appropriate
Caltrans highway program structure,

o] Organizing candidate projects for each Caltrans highway
program component within each Transportation District, on

a statewide basis, and other required groupings,

By incorporating these elements in a structured systems approach,
program levels and trends for rehabilitation can be guantified
and justified. The PMS will assist in programming and scheduling
improvements according to departmental rehabilitation policies
and promote a more consistent level of pavement performance
statewide. 1t has the flexibility to respond to program level

constraints and level of service decisions without altering the

basic engineering logic.

-xvii-



I. Pavement Condition Rating Systems

Flexible Pavement

1. Prior Condition Rating System

California conducted biennial flexible pavement condition
surveys in 1969-70, 1971-72, 1973-74 and 1975-76. The
flexible pavement rating system used was conceived by a
steering committee influenced to some degree by state of the
art papers by various researchers who were apparently further
advanced than Caltrans at the time., Conceptually, the rat-
ing system identified severity and extent for each of &
pavement problems:

Alligator/Block cracking
Transverse cracking
Longitudinal cracking
Ravel

Rutting

© ©o 0 o 0o Q

Patching

Prior thinking was to apply weighted factors to both severity and

extent ratings to portray relative significance. The weighted

ratings for severity and extent were then multiplied together to

produce a single value, which was intended to represent the

magnitude of the problem, It was intended that the range of the

values vary to somewhat reflect the importance each condition in

relation to the others.



Several major problems were evident with the prior conditon

reporting system:

Different extent and severity values produced identical
numeric values, It is essential when assessing struc-
tural adequacy to clearly distinguish between extent and
severity of pavement conditions in order to identify

appropriate repair strategies.

buplication of numeric values made it impractical if not
impossible to perform statistical analysis in the devel-
opment of performance models, Caltrans' research work
"Establish Criteria for Rehabilitation of California

Pavements" pointed out this problem.

The prior condition rating system was too sensitive in
the extent category. This resulted in substantially
different numeric values for a minor difference in the

extent of a pavement problem,
Present Condition Rating System

The present condition rating system shown in Figure I-1
was developed to eliminate the problems encountered in
the prior rating system. The system reduces the sensi-
tivity in the extent category; it is more descriptive

since the resulting pavement condition rating is unique



FLEXIBLE PAVEMENT CONDITION RATING SYSTEM

—
PROBLEM SEVERITY EXTENT
TYPE % LENGTH
A LONGITUDINAL CRACKING 1
IN WHEEL PATHS a
ALLIGATOR AND ALLIGATOR CRACKING
B IN WHEEL PATHS 33
BLOCK CRACKING ]
BLOCK CRACKING IN )
BLK 90
MAJORITY OF LANE WIDTH
c SPECIAL OR UNUSUAL 2%522135 Y EX?EAI?
SEV 1T a X N
ALLIGATOR CRACKING THAA 34
_
CRACK WIDTH LENGTH/STA,
LONGITUDINAL < 178" (HAIRLINE) Ségg:
CRACKING 1/8"-1/4" 300°
> 1/4"" r’“gofo,”ﬁ
CRACK WIDTH [MEAN) NO. GRACKS/STA.
TRANSVERSE < 1/8" ;
CRACKING 1IBT- 114" ___~____3‘_____,.____J
> 174" I—_’_\g"/ﬁ
CONDITION AATING % OF LENGTH
1
RAVEL AND LOSS OF FINE AGGREGATE FINE 3
WEA THERING 3a
__,’-—"'_-_1
£ AGGREGATE | COARSE —
LOSS OF COARSE AGGREG r— =
DEPTH [ % oF tenam (D
1
RUTTING a
=am- a3
L__’—_-_-___“-_——’_.__"_.—-ld
e ]
QUALITY RATING % AREA
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and the interpretation is specific, By distingquishing
the nature of the problem in separate terms for severity
and extent, more accurate performance evaluation is

possible,

A particular advantage of the present system is evident
in the alligator/block cracking rating system, It 1is
possible to differentiate between load associated
(alligator cracking) and nonload associated cracking
(block cracking)., It has become abundantly clear in
recent field investi- gations that the presence of
alligator cracking in the wheel paths is much more
significant than the width of a crack when assessing

structural section repair strategies,

The present pavement condition rating system permits
correlation of the California pavement rating system with
the AASHO Rcad Test Pavement Serviceability Index (PSI).
The present system cannot be manipulated to produce an
overall single numerical expression of all seven pavement
conditions. It is highly guestionable if such an overall
expression is meaningful. Certainly it is of no value in
assessing extent or severity of pavement problems, or in
determining appropriate repair strategies, or the

meaningful assessment of pavement performance,



Rigid Pavement

1. Prior Condition Rating System

The first rigld pavement survey was conducted in 1976 on all
of California's approximately 15,000 lane miles of rigid

pavement. Pavement problems identified and rated were as

follows:
o Slab breakup
o] Patching
o) Faulting

Lane/shoulder joint separation
Lane/shoulder displacement
Right shoulder condition

Bridge approach ride comfort

© O 0 0 0O

Bridge approach slab condition

It is of significance that the rigid pavement rating system
developed for the 1976 survey did not present the single
value problem encountered in the flexible pavement rating
system, From the beginning those involved in the development
of the rigid pavement condition rating system felt it

important to maintain a separate identity of severity and

extent,.
2. Present Condition Rating System

The present system which has been developed 1is shown in

Figure 1-2,



RIGID PAVEMENT CONDITION RATING SYSTEM

PROBLEM SEVERITY EXTENT
STAGE CRACKING (1) % SLABS/SEGMENT
SLAB BREAKUP 1ST. STAGE x
2ND, STAGE 33
3RD. STAGE @ D - il
[ AVERAGE WIOTH AATING
CRACK SPALLING < 1747 NOM
{320 STAGE ONLY} Z1i4-1 1420 MOD
> 1 112" SEV
CONDITION RATING % AREA/SEGMENT
PATCHING GOOD GOOD 1
{FULL LANE WIDTH) FAIR FAIR ;z
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FAULTING CONDITION % SLABS/SEGMENT [RATING
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ACCEPTABLE < 17 NUMBER
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®

SEE FIGURE I-3,

ALSDO CORNER CRACKING AND FRAGMENTED SLABS,

EACH SEGMENT

RATED FOR ALL THREE SEVERITIES AND ACCOMPANYING EXTENT.
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The present rating system has been changed to include the
more conventional descripticn of first, second and third
stage cracking. This is in agreement with the nationally
accepted AASHTO definitions which are published in the
Highway Research Board publication "Standard Nomenclature and
pefiniticons for Pavement Components and Deficiencies, Special
Report 113". Figqure I-3 graphically portrays first, second

and third stage cracking.

The present rating system is substantially superior to the
prior rating system in that portions of pavement within a
given segment of rigid pavement experiencing two or three
stages of cracking can each be rated along with the extent
for each stage. This is a real advantage in evaluating
pavement performance and in determining appropriate cor-
rective pavement strategies, The prior system was confined
to identifying one average severity of cracking for a segment

with limited information regarding extent.

The severity of crack spalling for third stage cracking has
been added to the rating system. This is an important
characteristic of slab breakup for determining an appropriate

pavement repair strateqy.

Also, the change in identifying slab breakup condition
substantially assists in tracking the progression of rigid
pavement failure for use in the development of pavement

performance models.
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Although the conditions rated for rigid pavement under-
standably differ from those rated for flexible pavement, the
rating system is similar in concept, essentially a system
which describes pavement problems in terms of their severity

and extent.

Ride Quality

1. Data Collection and Interpretation

The purpose of obtaining ride score is to identify when
pavement corrective workx should be undertaken to improve ride
guality. The ride score value at which the ride guality is

judged unsatisfactory is called the trigger value.

Mechanical devices for objectively measuring ride quality
have been under development for several years. A PCA ride
meter with a strip chart recorder, measuring movement be-
tween the body of a car and its rear-axle housing was devel-
oped by the Caltrans Materials and Research Department in
cooperation with the U.S. Department of Transportation FHWA.
(Ref, Highway Research Report "Evaluation of Bridge Approach
Roughness" June 1973.) This recording technique was rejected
because of the laborious data reduction regquired for strip

charts and because of a lack of consistent measurement.

Ride quality measurements in California are currently made
with eguipment developed by Soiltest Corporation (Model ML
500B) based on the PCA concept but with improved sensing

devices and register flexibility.



Ride score 1is a single numeric value used to represent
relative ride quality. It is computed from the sum of 1/8

inch vertical movements accumulated over a measured distance

as counted by the road meter.

Ride score, as used in California’s PMS, is calculated by the

following formula:

Ride Score = Summation of 1/8" road meter counts
Length in miles x 50 {constant)

Ride Score Calculation Example:

Length being rated equals 1,57 miles.

Road Meter Data
Measured
Register Vertical Recorded Multiplier Count
Number Movement Counts (i.e. Reg. #) Values
1 1/8" 505 1 505
2 1/4" 210 2 420
3 3/8" 92 3 276
4 1/2" 35 4 140
5 5/8" 10 5 50
) 3/4" 3 ) 18
I ea— /
12 1 1/2" 0 12 0
Count Summation equals 1409

1]

1409 = 18
1.57 x 50

Ride Score

-10-




A wide range of pavement roughness conditions on both
flexible and rigid pavements were field evaluated to deter-
mine a ride score trigger value, Raters were asked to judge
whether the pavement provided a satisfactory ride or was so
rough it should be improved,

To ensure typical user reaction to pavement roughness and to
avoid technical bias, the evaluation was conducted by both
technical and non-technical Caltrans staff. The technical
staff was composed of several high level engineering

managers.

A series of 7 rigid pavement test sites on the Interstate 80
freeway in Contra Costa County with ride scores ranging from
34 to 63 were evaluated. A 1972 Plymouth Satellite sedan and
1971 Plymouth station wagon, both standard size vehicles,
were used, All raters evaluated test sites in both vehicles,
The consensus was that rigid pavement should be fixed when

ride score is 50 or greater.

A second field evaluation was made by non-technical Caltrans
employees., The vehicles used were 1973 Plymouth Satellite
sedans. The consensus of that group was that rigid pavement
should be improved when the ride score 1is 45 or greater.

A series of 18 flexible pavement test sites on a conventional

primary highway with ride score ranges from 35-75 were eval-
vated in El Dorado County on Route 50, A full size 1972

-11-



Plymouth Satellite sedan, and a compact size 1973 Plymouth
Valiant sedan were used. Both vehicles had comparable riding
gqualities as evidenced from evaluation of test sites and
comparison of raters evaluations. The consensus of the
technical raters was that flexible pavement should be

improved when ride score is 50 or greater.

The flexible pavement ride was also evaluated by non-
technical staff using 12 of the test sites evaluated by the

technical staff. Two runs were made on each of the 12 test
sites. The non-technical group's consensus was that flexible

pavement should be improved when the ride score is 35 to 40

or higher.
2. Ride Score Application

In recognition of the above a ride score of 45 was selected
to identify those locations that should be seriously con-
sidered for ride quality improvement for both rigid and flex-
ible pavements when no other pavement condition merits

improvement.,

The recommended ride score "trigger value" of 45 correlates
very closely with FHWA criteria using the Pavement Service-
ability Index (PSI). The FHWA criteria would indicate im-
provement of pavements with a PSI of 2.5 or less. For rigid
pavement a 2.5 PSI corresponds to a ride score of about 47 in

the absence of other pavement problems.
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Ride score trigger levels are not adjusted for traffic
volumes or speed. The evaluation of triggered projects
includes a separate consideration of traffic volume and speed

in selection of corrective strategies.

Ride score snould not be used as a sole criterion to trigger
corrective work on city street portions of state highways
because conventional ride improvement strategies may not
necessarily correct the cause of poor ride quality (e.g.,
intersecting roadway crown, manhole covers, trench backfill

subsidence, rail tracks, etc.}.

Pavement deteriocration can progress quite rapidly. Limited
investigation to date on PMS projects indicates substantive
changes can occur in as little as two years. In addition, it
is important to recognize the lead time required from problem

identification to implementation of a repair strateqy.

Bridge Approach Ride Quality

l. Data Collection

Bridge approach slabs pose significant problems because they
are large expensive reinforced concrete structures which are
difficult to replace. In the 1975-76 survey it was decided
to utilize a simple subjective evaluation to describe the
existing condition. Bridge approach slabs were rated on

the basis of differential settlement {(ride guality) and

slab condition,
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In reviewing the results of the 1975-76 survey, it was con-
¢luded that a subjective rating was unsatisfactory. The
ratings were inconsistent and required a disproportionate
amount of time. Slab condition was eliminated as a factor in
determining the appropriate type of repair because an
engineering evaluation would still be necessary. Ride
quality was important, and a method was developed to use ride

meter equipment to objectively measure ride quality.

The ride meter takes measurements for approximately 100 feet
approaching and leaving bridge ends. For bridge approach
ride gquality measurement, counts at register 5 or above are
required for significant data. Counts below register 5 are
not included. This filters out all surface irregularities
which do not produce both a +5/8" and -5/8" displacement as a

minimum.

2. Data Interpretation

Road meter equipment is used to measure bridge approach ride
guality as in the case of pavement ride score, but the values
are calculated in a different manner. If the highest count
recorded on registers 5 through 12 is less than three, the
ride quality is simply the value of the highest register
recording count. If three or more counts are recorded on
registers 5 through 12 the ride gquality is either the sum of
the two highest register numbers recording count or twice
the register number recording three or more counts, which-
ever is higher. A range of values from <5 to 24 result,
This method accounts for the impact and rebound of a vehicle

passing over a bump or dip.

-14-



Twenty three separate approach and leave slabs with a broad
range of ride quality were evaluated to establish an accept-
able level of service. Two vehicles, a 1974 Ford Pinto and a
1972 Aamerican Motors Matador were used in the field evalua-
tion process. There were no significant rating variations
netween the two test cars. The slabs were prerated with the
ride meter and selected for evaluation.

Field tests were made by a team of engineering managers.

They concluded ride meter equipment could identify unsatis-
factory bridge apprcach ride quality,., The available range of
scores was from 10 (relatively smooth ride) to 23 {(lurching
ride) as measured by the ride meter. The majority of raters
subjectively decided that ride quality was unsatisfactory
when the bridge approach slab rating was 17 or greater.

i, Data Application

There are separate and distinct circumstances which material-
ly affect Caltrans’® District's perspective in evaluating the
need for bridge approach surveys. Districts having numerous
bridge approaches with poor ride quality or those who per-
ceive this condition occurring scon, favor collecting bridge
approach data. Conversely, Districts having an abundance of
AC pavement, few bridges, or new facilities generally do not

see a need for bridge approach ride quality information.
The survey of bridge approaches will be done by the Districts

wanting the information, in conjunction with their pavement

condition survey.
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After the slabs with poor ride quality have been identified,
the decision for, and method of rehabilitation, will be left

to the individual Districts as a normal maintenance correc-

tion.,

Skid Resistance Rating

1, Skid Resistance Inventory

Federal Instructional Memorandum 21-2-73 dated July 19, 1973
required all states to have a skid accident reduction program
as part of their Highway Safety Programs. A part of this
program required a statewide inventory of skid resistance

measurements to be operational by December 31, 1975.

California completed a statewide skid test inventory in
January 1973, The inventory was accomplished with towed

trailer skid testers that comply with applicable ASTM
Standards. Values from the skid tests are measured in terms

of skid numbers which are measured at 40 mph or converted to

equivalent 40 mph values and designated SN (40).

In November 1975 Caltrans established procedures for a
continuing skid testing program that complies with Federal
Instructional Memorandum 21-2-73. The frequency of skid

tests are:
Each year - all interstate highways

Each 2 years - other freeways and expressways

Each 4 years - other state highways

-16-



2. cCurrent Practice in California

currently, an SN (40) <37 is used by the Transportation
Districts to trigger investigation. This is a common
reference skid number used in various research papers,
federal directives, and Caltrans' program gquidelines, The
investigations do not automatically result in a skid
correction project but rather an engineering analysis of a
specific pavement location considering the many variables
involved (traffic, accidents, speed, envirconmental condi-
tions, geometrics, etc.). The primary concern for low skid
resistance is skidding accidents. The analysis must include
the actual accident history as well as the contribution of

low skid resistance to wet weather accidents,

Caltrans' investigations have led to the development of
per formance curves or wear rate curves (Figure I-4) and
established a relationship between truck passes and a
declining skid resistance for the following pavement

surfaces:

Open Graded AC
Dense Graded AC
Chip Seals

Slurry, Sand Seals
PCC

o 0 o o 0O

Performance curves for grooved pavements or AC pavements
treated with liquid seals have not yet been established,
Attempts to correlate skid numbers to pavement age, annual
traffic volume, or the traffic index for the life of the

pavement section were inconclusive, As a part of future
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pPMS studies, it is intended to establish sufficient test
sections to further refine performance curves (wear rate
curves) relating skid resistance to the common pavement

surface types and treatments,

3, Use of Skid Resistance Information in the Pavement

Management System

Skid numbers from the continuous skid inventory program are
included as an information item in the Pavement Condition
Inventories. This will assist in avoiding recommendations of
corrective pavement strategies which might have detrimental
impacts on pavement skid resistance. (For example, it is
inappropriate to consider an asphalt seal on a pavement with

a low skid resistance.)

Low skl1d numbers are investigated by Caltrans' Office of
Traffic, and procedures and corrective projects are in cluded

in Caltrans' Traffic Safety Program. Skid evaluation has not

been included in the pavement condition evaluation system

described in Section III because it would create a duplica-

tion of effort,

The performance curves {(wear rate curves), which have been
developed to predict declining skid resistance of pavement,
can be used as a planning tool to estimate the anticipated
skid resistance life of existing pavements and proposed

pavement strategies,
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II. Pavement Condition Survey

A. Survey Freguency

This PMS is oriented toward decision making at both the program
and the project level, In order to address project level de-
cisions and make comparative judgements between specific projects
total system survey coverage is required. Consequently, statis-

tical sampling for the survey was dismissed.

Caltrans conducts a pavement condition survey each two years.
Fvery lane of every mile (47,000 lane miles) of the entire state
highway system is surveyed. Volume II of this report contains

detailed instructions for the conduct of the survey.

The 1975-76 pavement condition survey data collection and machine
processing cost approximately $362,000, Consideration was given

to the possibility of reducing the cost by eliminating certain
select portions of the State Highway System from alternate sur-

veys, in effect, surveying portions of the system on a four year

frequency instead of the present biennial basis.

Candidates considered for less fregquent surveys were:
1. Sections with very minor problems in the last survey.
Results of the four biennial pavement condition surveys made
since 1969 have been reviewed, Many sections of pavement
with minor problems detericrated within a two year period to

a condition which could trigger remedial maintenance or

rehabilitation,
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1f these sections with good ratings were evaluated on a
four year cycle, 1t is probable that many would deteriorate
nefore detection., Identification of progressive pavement
deoterioration at an early point in time can allow remedial
maintenance to extend the life of pavement serviceability

resulting in a more cost effective approach,

2. Sections that have been resurfaced or rehabilitated

subsequent to the last pavement condition survey,

The monltoring and evaluation of recently completed projects
is important in determining the progressive deterioration

rate of pavement and the development of performance

information.

3. Sections which are in geographic or environmental areas

where pavement deterioration is very gradual.

Investigations to date have not established a correlation
hetween pavement deterioration rates and environmental
conditions., Until such a correlation is established, there

1s no basis on which to reduce survey frequency.

4. Sections which experience low traffic volumes,
Investigations to date have not established a direct
correlation or trend relating ADT and pavement deteriora-

tion rate. This applies to both structural condition and

ride quality ratings.
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5. Sections which are not of statewide significance.

Routes of statewide significance include Interstate, Rural
Principal Arterials, and Urban Connecting Links. Many high
volume urban freeways are not included in the above category
and need to be evaluated concurrently with the rest of the
State Highway System. There are scveral thousand miles of
non-statewide significant routes in which 1t 1s essential to
protect the existing investment and insure the application of
cost effective reralr strategles In order to maximize pave-

ment serviceability.
6. Conclusions.

Considering the cost and time required to collect and process
survey data for California's State Highway System, it is
deemed infeasible to survey annually. It is also generally
inappropriate to survey at three or four year intervals con-
sidering the deterioration rates of some pavement types as
discussed in Section IV of this report. A two year frequency
seems mOost appropriate for uniform data collection, supple-
mented by other surveys for speclal studies or unigue

problems,

Following full implementation of a PMS in California and the
development of an adequate historical data pbase for per-

formance and trend analyses, consideration will be given to
the adviseability of reducing the extent and freaquency of

condition surveys. There 1s currently insufficient histori-

cal information to take the risk.
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Decentralized versus Centralized Pavement Condition Surveys

1. Decentralized Survey - Current Practice

Tre pavement condition survey is conducted every two years
using Transportation District personnel, trained in head-
quarters, who survey all lane miles of flexible and rigid
pavements. The survey is completed in all districts within a
51x months time frame. Recent statewide pavement condition

survey costs are estimated at:

75-76 18 man years; $362,000 (including EDP costs)
77-78 12 man years; $335,000 (including EDP costs)

Survey operations have been in a state of refinement as the
PMS program developed. Future surveys will be more routine
in nature, For example, the major task of bridge and roadway
section identification has been accomplished, and need not be
repeated. Routine operation should reduce 1979-80 survey

costs by an estimated 20% from the 1977-78 survey cost.

2. Centralized Survey

Consideration has been given to revising the manner in which

the present pavement condition surveys are conducted, A
continuous survey conducted over a two year period with a
limited staff of pavement raters from headquarters has some

attractive features.
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The limited staff would require much less training effort

and meore consistant survey results could be exvected. The
continuous survey aporoach would partially eliminate some
District manpower and budgeting difficulties, particularly
where District priorities interfere with assigning experi-
enced raters to the periodic surveys. Survelllance fre-
quency could be more easily adjusted for specific segments of
highway, resulting in more efficlent use of raters. On the
other hand, it may prove difficult to retain a headquarter
rating scaff who would be amenable to travel throughout the

State on a continuous basis.

It is estimated that a 1979-80 centralized survey approach

would require about 9 man years and cost on the order of
$315,000, including EDP costs.

3, Conclusion

The present decentralized pavement condition survey presents
a complete picture of the state of deterioration of highways
based on information gathered within a six month time span.

A centralized survey could be conducted on a continuous basis
to provide new information on 2 two year freguency. Various
areas of the State would be examined at substantially dif-
ferent times. There may be no valid comparison between a
December 1978 pavement in Los Angeies and an aoril 1980
pavement in Eureka, yet both pavements may be in competition

for the same funding for rehabilitation.
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pavement condition surveys should be conducted following the

most damaglng season of the year, before problems are hidden

by

late Spring. The centralized survey would preclude this

maintenance operations. In California, this would be in

since it would have to be conducted on a year around basis

due to the limited staffing approach.

worx load reductions due to reduced length of roadway heing
qampled,'improved measuring eguipment, and standardization of
data collection operations will result in lower costs for
cither type survey. These factors, therefore, should not be
Acterminants on the issue of a centralized or decentralized

survey.

The primary purpose of PMS 1s to improve the decision making
process as it relates to the establishment of pavement repair
orogram levels, project priorities and cost effective repair
measures. Although the total cost of the biennial pavement
condition surveys are appreciable, it must be considered in
light of the current annual funding level of over $90 million
for California's pavement reconstruction, resurfacing and

maintenance programs,

The decision to centralize or decentralize pavement condition
surveys should not be made solely on an economic basis, The
cost differential 1s not as significant as some of the other
factors discussed above. Following the full implementation
of PMS in California and the development of a strong data
base consideration will again be given to the best course of

action to foliow in future surveys.
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I11. Pavement Conditior Fvaluaticn System

A. General Approach to_a Pavement Condition Evaluation System

The function of this evaluation system is to correlate pavement
problems to feasible repair strategies. Levels of service
(trigger values) have been set for each type of problem that
nerits improvement., Tor each lane of homogeneous road segment in
the highway system, each problem type is evaluated independently,
and a repalr strategy or acceptable alternatives are identified.
After all problem types are evaluated, the solutions for all
triqgered problems are compared., The strateqgy that will correct
all problems and provide an acceovtable level of service is defined

as the dominant strateqgy.

In some cases the need for additicnal information and an engi-
neering analysis 1s reguired. For example where load associated
alligator cracking exists in flexible pavement, deflection
measurements and structural overlay design are required to

accurately determine the appropriate structural rehabilitation,

A limited knowledge of in-place pavement structural section
information is required in order to properly desian pavement
rehabilitation by either the gravel eguivalent method or the
deflection analysis methcd of design. Rehabilitation design has

not peen included as a function within this PMS,
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necord research to obtain data on existing base type and thickness
wosld be difficult to obtain and would be incomplete but would
Lopresent the best available information short of obtaining field
sarples. Fileld samples are taken in limited cases for project
desi1an purposes where the specific situation warrants and the
records could be retained for updating or initiating portions of
ar inventory. Field sampling for the purpose of completing an

inventory is clearly unwarranted.

construction compliance test 1nformation such as compaction test
results, qrading analysis, sand ecuivalent values and R-value test
jata are of no real value in assisting the designer in engincering

the appropriate rehabilitation strategy,.

In California an expensive statewlide data base for storage and
retrival of pavement structural section data would have negligible
value in the operation of the PMS. The development and maintenance
of a structural section inventory for specific project design

purposes 1s left to the discretion of the Districts,
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3. Pavement Condition Evaluaticon System for Flexible Pavement

The following pages briefly i1llustrate the flexible pavement
condition evaluation prcocess, The evaluation procedure can be

shown conceptually:

FLEXIBLE PAVEMENT CONDITION
EVALUATION PROGEDURE

SHOULDER
EVALUATION TRAVELED WAY EVALUATION
. [~ T T T
[ ] P ! | ' !
: ____j= ; ‘__l__j |
CONDITION ALLIGATCA ' TRANSVERSE I T—RAVELING l
; CRACKING i CRACKING | l
, - S— |
| | |
. [ e
LONGITUDINAL . _ RIDE
CRACKING RUTTING QUALITY
STRATEGY
B
COMPATIGBLE DOMINANT

STRATEGY L STRATEGVJ

Figure [I11-1

Decision trees such as Flgure IIT-2 are used tc evaluate pavement
conditions and identify problems and approvriate rehabilitation
strategies., The limiting values (triagger values) directing the
decision path used are adjustable, This provides flexibility for

adjusting levels of scervice,
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pavement conditions are evaluated as follows:

FLEXIBLE PAVEMENT
ALLIGATOR / BLOCK CRACKING
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F Tam AC OVERLAY = < Q10" DENSE GRADED CR OPEN GMADED MiX BLOGK . BLOCK GCRACKING IN MAJORITY OF LAKE WDTH

Figure 111-2

vlexiple pavement condltions are evaluated as shown 1n the

following examples.

Example 1: Given - 20% length witn Type A allligator cracking, no

patching,
kepair Strategy - Fill cracks.

Example 2:  Given — 20% length with Type B alligator cracklng, no
patching.
Repalr Strategy - Base repair and patch plus thin
AC overlay and local digouts.

Example 3: Given — 40% length with Type B alligator cracking,

10% area patched.
Repalr Strategy - Structural analysis (structural
overlay based on measured

deflections, oOr reconstructlon.)
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FLEXIBLE PAVEMENT

LONGITUDINAL AND TRANSVERSE CRACKING

SEVERITY
@ CD Ly ’/q”
0]
w &g
< X 2
T
[
0 & 5
z O b
O — O
O E__-J O
LONGITUDINAL THANSVERSE
Figure [1I-3
Example 4: Given - Longitudinal cracks 200 feat per station,
less than 1/8" wide cracks.
Repalir Strategy - Do notning.
Example 5: Given - Longitudinal cracks 100 fect ver station,
greater than 1/4" wide cracks.
Repair Strategy - F1ll cracks.
Example 6: Given - Transverse cracks, 8 cracks per station,
less than l/8" wide cracks.
Repalr Strategy - DO nothing.
Example 7: Given - Transverse cracks, 7 Ccracks per station,
Individual cracks 1/8" - 1/4" wide,

Repailr Strategy - Do nothing.
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FLEXIBLE PAVEMENT RUTTING
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Figure [11-4

Fxample 8: Given - 40% length, rut depth 1".
Repalr strategy -~ Special report furnished to

district maintenance engineer,

Note: This 1s not a very comnon problem in California. Main-
tenance forces will routinely patch ruts 1f pavement

conditicn survey lidentifies location,
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FLEXIBLE PAVEMENT
RAVELING AND WEATHERING
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®THIN AC OVERLAY =< 0,10' DENSE GRADED OR OPEN GRADED MIX

Figure 111-54

Example 9 Given - 40% of area with f[ine vaveling.

{

Repair strategy - Seal coat or rejuvenator seal,

N

xample 10: Given - 4 occurrences, drip track raveling,
Repaly strategy — Special report furnished to

digtrict malntenance engLnesr,

T

Notes Driz track ravel is a problen iIn urban arcas with stop
zlgns or signals, Field —alntenance forces will deter-
mine extent and type of repailr when the vavement con-
dition survey identifies location. Not ¢ commonr proble:
on the ruval portion of the Califcrnia State Highway

System,
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RIDE QUALITY FLEXIBLE PAVEMENTS
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THIN AC OVERLAY = < 0.10° DENSE GRADED OR OPEN GRADED MiX
Figure [I1-56
Fxample 11l: Given - 55 ride score measured at 50 mph,

average daily traffic = 3,000.
Repair Strategy - Leveling and thin AC overlay.
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fominant Strategy Selection

Aszume the road segment beirg evaluated includes some of the
foreqgoing examples,

Txample

Problen Number Repalr Strategy
~liigator Crack 3 Structural cverlay based

crn reasursd deflections.,

Longitudinal Crack 4 Do nothina.

Tranaverse (Crack None None.

Retting 8 Special Report to district,
Taveling None None

ride Quality 11 Leveling and thin AC overl:

from the list of the reguired repalr strategles, 1t can be seen

r
2

hat the structural overlay (California's experience based on the
deflection desian approach, average *“hickness 0.,20' to 0.,25")

would corvect all of ths triggered problems, It is the dominant
strategv, Because of the thickness involved, the overlay would

c
also be placed on tre shoulders.
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c pavement Condition Fvaluation System for Rigid Pavement

~1o following pages briefly 1llustrate the rigid pavement condi-
cion cvaluation process. The evaluation procedure can be shown

conceptually:

RIGID PAVEMENT CONDITION
EVALUATION PROCEDURE

{ T
! BRIDGE APPRQACH TRAVELED WAY SHQULDER !
[ EVALUATION EVALUATION EVALUATION
¥
STRATEGY STRATEGY
A B

R

! -

1
COMPATIBLE STRATEGY l

Figure [11-7

The riqid pavement conditions are evaluvated as follows:
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RIGID PAVEMENT TRAVELED WAY EVALUATION
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Examele 2:

Exampole 3:
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Figqure 11[-8
Given - 20% of slabs with 2nd stage cracking,

40.

ride score

Repalr strategy - Continue routine maintenance.

Given - 20% of slabs with 3rd stage cracking,

svalling moderate {(factor M),

Repalr strateagy - 0.,40' AC overlay or reconstruct

Given

30% of slabs with 2nd stage cracking,

55,

lane.

vatching In 10% of slabs.

Repalr strategy - Nothing for cracking.

needs correction,

cause must he determined,

patching is
slabs or patch slabs,

-

=lets,
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50,

20% of slabs with lst stage cracking,

Bad ride

Ride score

If

the factor then jack

or grind

v 0,30 AC overlay.



RIGID PAVEMENT
SHOULDER EVALUATION

_ SHOULDER SURFACE
@ CONDITION
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P FILL EDGE JOINTS WHEN |
SEPARATED
Figure J11-9
sxarmple 4: Gilven = Shoulder conaltion fair, sroulder displaced
down.
Repalr Strateqy - F1ll cracks and oorlp patch.™”
Example 5:  (Given - Snoulder condilrtion poor, shoulder displaced
up .
kKepalr Strategy - kegycle existing AL shoulder or

reconstruct shoulder.®

*F1ll o edge jJoint when separated.
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RIGID PAVEMENT BRIDGE APPROACH EVALUATION
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Figure T11-1C

Examnle G: Given - Rids ouality unsatisfactorvy on a bridge
annroach slab in ricié vavement,
Renair Strateov - Alternatives to imorove ride quality.

Datch slab*

!

irind slab?*

-

"
b

r

a
e

sl
rlace slab*

*Alternative selection based on enaineerine evaluation of field
conditions., Slab structural intearitv, traffis volume, allowable
work shift, availability of materials, squipment and funds,

should he taken inteo cons:ideration.
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Compatible Strategy Selection

For 1llustration, assume the rigid pavement segment being

ovalouated includes some of the foregoing examples:

Pronlem Example
Location Number Repair Strategy
Travelea Way 2 0.40' Overlay or lane

reconstruction

choulder 4 Fill cracks and edqe

joint and strip patch

Jack slab (assumea for

(w2

Aridge Approach

example)

Compatible strateqy alternatives could be:

~ Jack bridge approach slab pius 0.40' ocverlay on traveled way

and shoulder.

- Reconstruct lane plus jack or replace briage approach slab

plus f1l1l shoulder cracks and joints and strip patch.
The {inal alternative selection should also consider the least

total c¢ost, traffic volumes, allowable shut down time and

funding.
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IV . Strateqigg ang Performance

— — — e e g g e L

4. Maintenance and kehabilitatlon Strategiles

rateglies nave different functicons, costs and service
vice life iz definad as the szan of time subseguent to
the aprlicatior of a repalr strategy for uavement problems to
recur in sufiiclient extent and severity so as to require re-

applicaticon of a similar repailr strategy, Following is a

S|
T

discussion of various repair strategles currently in use through-
out the United States. Some are used little, :f at all, 1In
California, The following text and Flgures IV-1l and IV-Z
describe the functional use of various repalr strategiles along
with recommendations citing when the repair stra:tegy 1s or is not
appropriate; average cost; expected service lifs and California's

level of experience with each strategyv.
1. Flexihle Pavement Repair Strategies
a. Lane Reconstruction (See Figure IV-la)

At many locations, the outside {(truck lanes) of multi-
lane facilities have incurred structural damage from a
high incidence ©f reavy truck loading while the inside
lanes have reteined theilr structural adeguacy. In these
cases, oufter lane reconstruction tc rectore structural

adecuacy and ride guality may be more cost effective than

o

A Strudour

fus

overlay wnhich rmust be carried across all

adtacent lanaes and sanoulders, The presence of vertical

G
w
i
0}
G
9]
i}
i
I

cls, medlan barriers, dratnage facilitiles,
restrictive bridge clearance, etc., can preclude the
placement of a structural overlay and thus reguire lane

reconstruction,
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h. PCC Overlays (See Fiqure IV-la}

In order to restore structural adequacy there are cases
where 1t may be cffective to place a nonreinforced PCC
overlay over an existing AC pavement. <California design
vractice requires a minimum PCC thickness of 0.55 foot.
An AC leveling course is not recommended since the new AC
will not attain tne compaction of the existing pavement
and uneven support could lead to early crackxing of the
overlay. The minimum thickness of 0.55 foot may be
precluded where vertical grade constraints exist., Rigid
overlays are not suitable in unstable terrain wnere
flexibility is reguired. This method nas not been used

extensively,
c. Asphalt Concrete Overlays (Sec Figure IV-la)

This 1s the most common treatment employed to improve or
extend the service life of asphalt concrete pavements.
1t consists of a variable thickness up to 2 maximum of
0.6 foot., Overlays are used to correct rough ride, seal
or waterproof the surface, improve the skid resistance,

or strengthen the structural section,

1f the overlay thickness is properly designed by the
deflection analysis method, a 10 year average service

life can be expected,

Overlays less than 0.10 foot do not add significant
structural strength to the pavement section. Thin
ovi:rlays are probably the most misused strategy when
placed over pavements that are structurally deficient.,
In such instances a tnin overlay may have a crackx

correction service life of only 1 or 2 vyears.
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Many (.72 foor overlays placed to improve ride guality

Fail o 4o =3 since «his tnickness 1s often inadegquate to

&

level our the rouah locations, A leveling course should
be reguired 1In conjunction with the blanket in order to

materiaily improve ride rouahness.

A common oversight that will lead to short service life
of overiays 1s the failur¢e to remove and veplace areas
where the uanderliaying tase has weakened due to presence
of water and excessive loading, It Is iImportant tnat
Ehiese arczas be excavated and replaced with high quality

pase and surfacing and that anv drainage problems be

corrected,

Opan Graded AC is commonly used to improve skid

resistance.

d. Inverted Overlay (See "igure IV-la)

An open graded AC placed on the existing pavement and
overleid with a dense graded AC has been used experi-
mentally to revair cracked paverment, restore structural
adequacy and minirize refiective cracking. A good sur-—

face taexitule can be obtalned and In the case of reason-

ably thick cverlavs, improvernent of ride quality will
also resuln,

whoro Inverted overlays are used, care must pbe taken to
"davlight" the cpen graded laver to provide adeguate
drazinage. The open graded laver should be carried across
the shoulder if tine overlving dense graded AC layer will
also cover the shoulder, 5Since the open graded AC has a
tendency to trap water, it 1s not an appropriate strat-

eqgy to consider 1in freeze-thaw areas.



. Pavement Reinforcing Fabric and Overlay (See

Figure IV-la)

A problem common toc AC overlays 1s the reflection of
cracks from the old pavement, These reflected cracks
oermit watar to enter tne pavement leading to premature
crack widening and spalling. One method that is being
used more extensively with good results is the in-
stallation of a stress relieving interlaver between theo

existing pavement and overlay.

Reinforcing fabric material is produced by several
companies under various ftrade names such as: Petromat,
Bidim, Mirafi, Typar, and others, These materials
properly applied appear to be effective as a water-
proofing membrane and as a retardant of reflection
cracking and pumping at the cracks, thus extending the

service life of the overlay.

Pavement reinforcing fahric 1s about eguivalent in cost
to 0.10 foot thickness of AC; tnus, an important
advantage of using this wmaterial is very evident on
multilane highways. In these cases, generally, only the
outside or truck lanes are in need of a thick overlay.
However, 1f it is desired to maintain the oriainal
pavement cross slope, unnecessary thicxneass of asphalt
concrete wiil be required on the inner lanes. A minimum
of 0.10 foot AC thickness can be eliminated from the
outer lanes when the fabric is used, thus reducing the
overlay thickness by 0.10 foot on the inner lanes and

considerable cost savings will be realized,
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Recent labgratory testing 1ndilcates that reinforcing
fabric may ve rmore efl{ective 1n retarding reflection
cracxing 1{ placed 1n the lower third of the overlay

rather thar clrectly on the old pavement,

Sirce reirmforcing fabric 1s used witn ne less than a 0,10
foot AC overlay, sore ride guality i1imgrovement and

provizion ¢f good surfiace texture norrally result,

f. Rubberized pAsphalt Interlayer and Overlay (See Flgure

IV-1a)

Another method used to redace the incidence of reflection
cracking is the application of a rubberized asphalt chip
seal prior te placing an overlay. The mixture consists
of 25% granulated rubber obtained from reclaimed tires
and 75% asphalt cement applied at a vate of approxi-
mately 0.60 gal, per square yard, Cnips are then rolled
into the membrane. As 1s the case with pavement rein-
forcing fabric, the total thnickness of the AC overlay 1s
generally reduced at least 0.10 foot. This strategy is
being used in California on an experimental basis to
determine its cffectiveness 1n repalring cracked
pavement, restore structural adeguacy, provide good

surface texture, and improve ride quality.

7. Hot Recvclilng {See Figure IV-la)

This is a process in which the existing AC and in some
cases the underlying base material 1s removed, processed,

and may be mixed with new aggregate, additional asphalt

cement and/or a recycling agent at & central plant and
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then placed back on the roadway. Strict air pollution
requirements must be satisfied, A major problem with
this process is the difficulty of heating the mixed
material to the initial compaction temperature of 250°F
{minimum) reguired by California Standard Specifications,
Production rates for recycling plants tend to be low,
again due to tne need to handle small quantities to
minimize air pollution., There are also problems with
maintaining quality control due to the variability of

composition of the iIn place material,

This process has the potential of ultimately saving
significant sums of money and critical resources as the
supply of natural aggregates diminishes and the price of
asphalt products increases. Since material is removed,
processed and then reapplied to the roadway it can he an
advantage where vertical grade constraints exist as an
alternative to lane reconstruction. 1In general hot

recycling has similar functions as AC overlays,
h. Heater Remix (See Figure TvV-la)

This method consists of heating and remixing the upper
3/4+ inch of the existing surfacing nefore placing an
overlay to restore structura. adequacy, rvepailr cracked
pavement or restore surface texture. An asphalt re-
juvenating agent, such as Reclamite, is ofken applied to
soften the existing aspnalt. This treatment appears to
be successful in reducing reflection crackxing. This
strateqgy has cxcellent application under urban condltions
where excessive cross slope cccurs arnd 1t is preferab.ic
to remove some of the material to flatten the cCross
slope. However, air polluticn is a poterctial problien

wherever this strateqgy is used,
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1. Cutler Process (See Figure IV-la)

This process is similar to the heater remix method except
that the overlay material is mixed with the heated and
scarified existing material in one operation and then
rolled,

j. Cold Planing (See Figure IV-la)

This method can have important applications on urban
streets where existing curb and gutter control the grade.
Over the years, an undesirable cross slope or high center
crown can develop due to the application of successive
overlays. The machine planes off a variable thickness of
AC at the crown, tapering to generally about 1 inch at
the curb. The material can be stockpiled for future
recycling or recycled and replaced as the overlay. When
cold planing results in reducing the pavement's struc-
tural adequacy, consideration should be given to a

structural overlay.
k. Rubberized Asphalt Chip Seal Ccats {(See Figure IV-1b)

The State of Arizona and the city of Phoenix have
reported considerable success with the use of an asphalt
rubber chip seal as a wearing course, to waterproof pave-

ment, heal hairline cracks, and correct fine aggregate
ravel. Materials and method of application are the same

as discussed in preceeding item "f"., California has
experimented with this strategy to a limited extent;

however excessive chip loss or whipoff can occur.
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As is the case with seal coats (pelow) this strateqy will
not correct load assoclated cracking or improve ride

aquality. The surface has low resistance tc the scrubbing
action of tires assoclated with a high volume of turning

novements,
1. Rock Seal (Coats {(See Fiqure IV-1o;

These 1nclude slurry and chip seals which are used to
correct raveling of fine aggregate, waterproof tne
paverent or "hold" the pavement over a winter or two at
the most. Short service lives of 1 to 3 years can be
normally expected for a chip seal althouah a properly
placed seal coat on a low volume rcad may last a lornger
period of time. Cnhnip seals are not usually placed on
nigh traftic volume roads cdue to the problem of stone
whipoff causing vehicle darmage, In sorme instances, chip

seals are placed to improve skid resistance.
m. Open Graded Scal Coat (See iigure IV-1b)

This consists of a plant mixed open grared asphalt
concrete which 1s placed primarily to waterproof or seal
the pavement, and 1mprove skid resistanrce, It has been
used I1n scme cases to correct a bleealng pavement and can

correct ccarse aggregate ravel,

This strategy should not be used in areas where freauent
tire chain use or freeze-thaw 1s experienced,., Tne
minimial thickness applied will not correct ride

roughness,
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m.  Elurry Beals (See Filigure Iv-1o)

Slurry sesals consist of mineral aggregate, water and
asphaltlic emulsion proportioned prior to placing and
applied as a mixture. Slurry seals are used to decrease
the permeatility of an existing wpavement and hold the
pavemant over & winter or two, Short service lives of 1
to 2 years can be normally expected for these seals
aithough a properly placed slurrvy seal orn a low volume
roadway may last a longer period of time. Slurry seals
are not normally placed to improve sxid resistance.
However, 1if this type of seal is being considered for a
location where surface texture 1s needed, a 3/8 inch

maximum aggregate size should ke used.
0. Seal Coat with Cover (See Figure IV-1lb)

This strategy is used to restore binder flexibility, and
stop fine aggregate ravel, The cover may be composed of
2 screening of sand or fine aggregate. This treatment
has the potential to reduce skxid resistance and should
rot be used wnere the existing pavement has a low or

moderate sxid number.
o, Liguid Seal Coats (See Figure IV-1lb)

Liguid or foz seals are used to correct fine raveling,
oxicaticn, a2nd high permeability. Fog seals are a
mixture of asphaltic emulsion and water without the
application of a cover material. Fog seal coats can be
expected to last no more than 1 to J vyears. They are
used in many cases to waterproof the surface and hold the
road over the winter until a more effective treatment can

be applied.
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This treatment can cause a reduction in pavement skid
resistance and should not be used where the existing
pavements have moderate or low skid resistance and wet

weather skidding accidents are a concern.

q. Binder-Modifiers (Pavement Rejuvenating Agents) (See
Figure IV-1h)

These are products of the petroleum refining process.
They are known under trade names such as Reclamite,
Gilsabind, Petroset, Satin Black and Astec Pavement Seal,
These products are most effective on dry, permeable
pavements. The effectiveness of these materials in non-
aggregate seals to seal cracks is guestionable since
penetrations of only 1/4 inch have been identified

hased on test results. Complete penetration does not
occur on impermeable pavement surfaces and a temporary
lowered skid resistance will result, possibly requiring

the areas to be sanded,
r, Crack Filling (See Figure IV-1lc)

Cracks in flexible pavement should be sealed to prevent
the entrance of water into the subgrade. In the past,
maintenance practices have been such that many cracks are
improperly sealed, thus leading to early opening of the
cracks since the sealant did not pvenetrate into the
crack, It is preferable that cracks be thoroughly
cleaned before application of the sealant to ensure good

penetration and bonding to the sides of the crack.

s, Miscellaneous {See Figure IV-1c)

Other interlayers and methods that have been used to

reduce reflection cracking are stone dust, metal plates,
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ded metal, welded wire fabric and chicken wire,
Most of these have not been successful and further
n

g of them is not recommended,.

Rigid Pavement Repair Strategies

Feawer strategles are avallable for the rehabilitation or

maintenance of rigid pavements as compared to flexible pave-

T2nts. Repalr techniques for rigid pavements need more study

and testing.

a. Lane Reconstruction {(See Flgure IV-2a)

At many locations, the outside (truck lanes) of multilane
facilities have Incurred structural damage from a high
incidence of heavy truck loading while the inside lanes
have retained their structural adeqguacy, In these cases,
outer lane reconstruction to restore structural adequacy
and ride guality may be more cost effective than a
structural overlay which must be carried across all adja-
cent lanes and shoulders. As In the case of flexible
pavements the impact of vertical grade controls apply and
can preclude the placement of a structural overilay,
limiting the correction of structural inadequacy to lane
reconstruction, Vertical grade constraints are often a
serious problem that must be considered in all strategies

wnich imvolve reasonably thick overlays.
b. PCC Overlays (Sce Figure IV-2a)

A variety of PCC overlays to restore structural adequacy
are avallablo: bonded and unbonded, continuous rein-
forced, non-reinforced. Several unbondzd PCC overlay
projects have been constructed in (alifornia with good
results, The major concerns with PCC overlays are main-

taining traffic and vertical grade controls, since a
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minimum of 0.55 foot thickness of PCC overlay is

recommended. As is the case with thick AC overlays over
rigid pavement, digouts and replacement of the structural
section may be necessary at bridge approach slabs and at

overcrossings to maintain the vertical clearance,

There are several test installations of bonded, thin lift
(2-3 inches}), non-reinforced PCC overlays in other
states., In most cases, the conditions under which these
overlays are being tested are not comparable to those
encountered in California. FPor instance on one project
in Iowa, the ADT was 10,000 with only 4% trucks. Several
other projects were on residential streets with no truck
traffic. In general there is a lack of reliable per-
formance data and the expense of obtaining a bond to the
existing pavement may be too high to warrant use of this
method.

c. Asphalt Concrete Qverlays (See Figure IV-2a)

This strategy is used to extend the service life of PCC
pavements (strengthening the structural section) and to
improve ride quality where existing pavement is faulted
or cracked. Blankets up to 0.6 foot maximum are used to
strengthen the structural section. In order to improve
ride quality and prevent reflection cracking, a2 minimum
AC overlay thickness of 2.30 foot is recommended. If
slabs are severely broken, rolling with heavy equipment
has been done to seat the slabs before the overlay is
placed. Thin AC overlays have been placed over rigid
pavements but performance generally has not been
satisfactory. Thin AC overlays tend to "reflect" cracks
gquickly, and frequently do not bond adeguately to PCC

pavement,
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Since much of the deteriorating rigid pavement 1s on
urban f{reeways, the existing pavement may need to be
removed and replaced to maintain the vertical clearance
of overcrossings and meet other vertical grade controls.,
If the tridge approach slabs are rocking, it 1s necessary
to subseal or mudjack befare placing the overlay to
reduce the likelihood of reflection cracking occurring.
rractured bridge approach slabs may need tc be replaced
to improve the ride gquality., Both of the above can lead

to severe traffic handling problems,

d., TInverted Overlay (See Flgure IV-2a)

As 1n the case 0f flexible pavements, this is an open
graded AC placed on the existing pavement which Is over—-
laid with a dense graded AC. It has been used experi-
mentally tc repalr cracked pavement, restore structural
adeguacy and toc minimize reflective cracking. A good
surface texture can be obtained and as with reasonably

thick cverlays, improvement of ride guality will result.

Dralinage provisions such as daylighting the open graded

layer must be considered in the use of this type of

overlay. Since the open graded AC has a tendency tc
rap water, 1t 1s not an approprilate strategy to

consider in freeze~thaw areas,



e. Pavement Reinforcing Fabric and Overlay (See Figure

IV-2a)

Essentially, the purpose of installing pavement rein-
forcing fabric between PC(C pavement and an AC coverlay is
to repair badly cracked pavement and reduce reflection
cracking, One installation has been made on a PCC state
highway in California and more experience 1s needed to
evaluate long term performance of this strategy. Sub-
sequent to further performance evaluation 1t appears that
total AC overlay thickness can be reduced by 0.10 foot
where fabric is used. It is believed that an AC leveling
course should be placed on the old PCC pavement, followed
by reinforcing fabric, and a surface or wearing course of
AC. This procedure appears to have better potential for
retarding reflection cracking than placing the fabric

directly on the old PCC pavement.

f. Slab Replacement (See Figure IV-2a)

PCC slabs have been replaced by remcving the concrete and
cement treated base and replacing with 12 inches of new
PCC directly on the subbase material. Migration of fine
particles from the untreated subbase material could lead
to rapid faulting. Consiceration should be given tco
providing an imperviocus barrier between the concrete and
untreated subbase to prevent the migration of fines and
faulting. 1In addition, thke installation of longitudinal
edge drains will greatly reduce the potential pumping

problem, The traffic handling problems inherent in a
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slab repiac=ment project, en a high tvaffic volume urban
freeway, are a signiflcant concern that must be addressed
by the deslign enginecer. Evaluation of traffic handling
alternatives may indicate an off-peak construction
operation or construction on a round-the-clock basis with
fast setting concrete to complete the work as rapidly as

possible.
¢, Mudjacking (See Figure IV-2b)

FCC pavement may be raised to a grade line by mudjacking,
Holes are drilled through the pavement at close intervals
and special bigh pressure pumping equipment is used to
pump concrete slurry under the slabs to raise them to
grade. This strategy is used extensively to correct
grade line of faulted and settled pavements, and to raise

settled slabs at bridge approaches.
h. Subsealing {S5ee Figure IV-2Db)

This strategy is used to fill cavities below PCC pavement
to control the progression of faulting and ensuing slab
breakup., Holes are drilled through the pavement anrnd hot
alr bleown asphalt :s pumped beneath the slab. 1In
Californiae little 1f any subsealing has been done recent-
lv: however, 1t appears that subsealing 1s warranted in
the case of rocking slabs (not yet badly cracked) that
are to be around or overlald, since it has proven
successful 1n filling underlying voids and reducing

numping.
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i, Grinding (See Figure IV-2h)

This strategy is being increasingly used to improve ride
gquality since the first cost is less than other PCC
repair strategies, 1In general, grinding costs are
approximately $2.50 to $4.00 per square yard. Other
strategivs such as overlays may be 2 to 4 or more times
as expensive since more than one lane needs to be over-
laid. The main advantage in grinding faulted pavements
is that only the rough riding lane (usually the truck or
outer lane) may be ground. The long term performance of

ground pavements appears to be highly variable.
J. Pavement Subdrainage (See Figure TV-2b)

Rigid pavements that are faulted and pumpirg prior to
grinding or overlaying are likely to continue to pump
unless corrective work is undertaken. Roadway structural
sections by their nature are slow draining; therefore,
water can be retained under the PCC for days and even
months. This water mixed with fines present in the
cement—-treated base and combined with action of traffic
can pump at the joints. Continual pumping can lead to
voids under the slabs at the joints. Saturated subbase
materials also destroy the supporting value for the PCC
slab,

The installation ©of a longitudinal underdrailn pipe or
asphalt treated filter material or filter faoric drainage
system adjacent to the lower edge of pavement will
accelerate the removal of frae water trapped under the
pavement, An engineered analysis of locations where there
is a potential for pumping should be undertaken to

identify longitudinal drainage system requirements,
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Particular care should be given for sags of vertical
curves, low sides of superelevated sections, low flat

valley sections where basement soils are impervious,
sections adjacent to irrigated landscaping and depressed

freeways.,

k. Crack Filling (See Figure IV-2bh)

Sawed joints in rigid pavement are not generally filled
unless excessive spalling occurs, Joints between the
rigid pavement and the shoulder are filled when they open
one-quarter inch or more. Random cracks should be filled
before the winter rains. Cracks and joints should be

thoroughly cleaned prior to filling.

1. Grooving (See Figure IV-2b)

Grooving consists of sawing longitudinal grooves in the
pavement surface, It is used to reduce hydroplaning and
improve vehicle tracking. The grooving equipment does

not perform well on badly cracked and spalled pavement,
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Flexible Pavement Repair Strategies Performance

Pavement repair performance, as experienced in California,
was analyzed to establish predictability of service life, so
that the value of rehabilitation strategies could be

substantiated.

Structural overlays for load associated cracking and over-
lays for reflection cracking control are designed to achieve

a ten-year service life with low maintenance costs,

Sample projects were selected from widening and surfacing
projects and from déflection overlay recommendations made by
the California Transportation Laboratory. The biennial
condition ratings were reviewed and district maintenance
departments were contacted to determine 1if there were any
maintenance performed which would invalidate estimated
service life, Service life is defined as the span of time
subsequent to the application of a repair strategy for
pavement problems to recur in sufficient extent and severity

so as to require reapplication of a similar repalr strategy.

For flexible pavement, the following pavement conditions

indicate the end point or failure condition,
a., Rock and Sand Seals or thin blankets -

1¢% of the area exhibits alligator cracking, or patching,
or both,

-62-~



b. Overlays greater than 0,08 foot thickness -
30% of the area exhilbits alligator cracking or patching

The pavement condition information was taken from the
"rFlexible Pavement Condition Inventory". The flexible
pavement portion of the survey has been conducted each two
years since 1969. Segregation between load-associated and
nonload-associated cracking was initiated in the 1977-78
survey and was not available for these performance models.
rpavements exhibiting initial signs of distress were assumed
to fail at the next survey. Pavements which had sufficient

maintenance work to blas service life were eliminated.

1. Sand Seals

Sand seals were evaluated for their ability to seal cracks,
Although the seals may not have been placed solely to seal

cracks, most were placed over cracked pavement,

The mean service life of sand seal applications 1is 14 months

with a maximum life of 40 months.

Sand Seal Service Life 1s shown in Figure IV-3,.
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CRACK CORRECTION SERVICE LIFE
SAND SEALS
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14 MOS.
AVERAGE OF ALL
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) 20 ‘ 40 80

SERVICE LIFE (MONTHS)
Figure IV-3
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2., Rock Seals

rock seals were also evaluated for their ability to seal
cracks. Although the seals may not have been placed solely

to seal cracks, most were placed over cracked pavement.

The mean service life of rock seal applications is 16 months

with a maximum life of 50 months.
Rock Seal Service Life 1s shown in Figure IV-4.
3. Thin AC Overlays (0.08 foot)

The performance model for one-inch blanket overlays is based
on a geographical-topographical distribution map. The map
(Figure IV-5) shows areas of similar environment. The effect
of traffic on service life was investigated but no correla-
tion was found to exist hetween the traffic index or average

daily traffic and thin blanket overlay performance.

The mean service life of thin blanket overlays for all
geographic areas is 30 months with a maximum life of 75

months as shown in Figure IV-6,

-65-
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Figure IV-4
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4. Thick AC Overlays (0.15 foot or thicker)

The performance of thick overlays was analyzed in four

separate categories based on the following desiqgn methods.

a. Deflection Analysis Design
b. Gravel Eguivalent Design
c. Subjective Judgment

d. Reflection Cracking

Thick AC overlays placed on flexible and rigid pavements
were included in the investigation. The thicker overlays
were intended to provide structural support necessary to

yield a ten-year service life despite the initial pavement
condition,

An assumption was made that thick overlays placed over
flexible pavements had an initial condition of 30% or more

alligator cracking.

The service life for thick overlays over flexible pavement is
defined as the recurrence of either alligator c¢racking and/or

patching over 30% of the area,
a., Deflection Analysis Design Method
Overlay thicknesses are designed on the basis of future
anticipated traffic loading to add sufficient strength

to prevent the pavement from deflecting beyond critical

limits.
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Because of the feeling that overlay thickness recommen-
dations were excessive, a study of deflection analysis

recommendations was made for the five-year period
1972-77.

Figure IV-7 indicates the number of lane miles of each
recommended thickness or treatment. It shows that a
weighted average of 0,20 foot thickness resulted from all
studies, Only about 1l percent of the total resulted in
thicknesses greater than 0,35 feet. The results of the
study indicate excessive thickness is not being recom-

mended.

Deflection studies do not normally result in a recom-
mendation of a uniform overlay thickness throughout a
project. The overlay thickness will vary depending upon
the residual strength of existing pavement and projected
traffic load repetitions, |

Overlay designs using the deflection analysis method were
to provide a ten-year service life. A review of projects
designed by this method indicates a mean service life of
129 months is attained with a range of 88 to 170 months
as shown on Fiqure IV-8. This exceeds the planned

service life criteria.

It is recommended that deflection measurements not be
obtained for general inventory purposes, Pavement de-
flection measurements are bhest utilized on a timely basis
(one year prior to overlay construction) for specific

projects.
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b. Gravel Equivalent Design Method

An overlay thickness is derived from the difference be-
tween a gravel equivalent required for a new design and a
gravel equivalent determined from the existing structural

section.

This design requires the engineer to make a subjective
assessment of in-place pavement conditions. An overlay
is designed based on predicted future traffic and assumed
in-place strength of the existing rocadway. This proce-
dure does not truly evaluate the load carrying capacity

of the existing pavement.

The performance model indicates that rehabilitation based
on gravel equivalent methods attain a mean service life
of 100 months with a range of 27 to 173 months (See
Figure IV-8). This falls short of the planned ten-year

service life target.

When vertical grade controls prohibit the use of a thick
overlay or cost effectiveness indicates a composite
overlay, reworking the existing structural section, or
recycling to be a more economical design, the gravel
equivalent method 1s the only appropriate method to
utilize. This method is also of value in investigating

instances of premature structural failure,

The FHWA uses the "AASHTO Interim Design Guide" method as
an independent check for overlay thickness requirements
on federal-aid projects. The required overlay thickness
is found by subtracting the existing pavement thickness
from the total thickness required by a new design

analysis after subjectively assigning layer strength
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coefficient values for the existing pavement. No
physical tests are performed to determine layer

coefficients,

This procedure is quite similar to the gravel equivalent
method. Basically, the only difference is the nomen-

clature used to identify the corresponding factors. For
example, it is necessary to convert California "R" value
to "soil support” value and California's "gravel eguiva-

lent" to "structural number",
¢. Engineering Judgment Method

Overlay thickness is based on engineering judgments of
successful techniques on other pavements with similar

conditions, or on financial constraints.

The projects used in this study include all overlays not
constructed in accordance with recommendations from
deflection analysis design, gravel equivalent design, or

reflection cracking criteria.

Overlays based on engineering judgment designs attain a
mean service life of 94 months with a range of 25 to 163
months as shown on Figure 1IV-8, This is less than the

planned ten-year service life.

Subjective judgment is the only practical method to
address correction of pavement problems such as ravel,
low skid resistance, poor surface texture, non-lcad
associated hairline cracking, or ride roughness, when
these problems are not accompanied by load associated
cracking or block cracking. Flexible pavement overlays
based on subjective judgement should be limited to less
than 0.10 foot in thickness and used only if expected to

provide a minimum five-year service life,
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d. Reflection Cracking Method

Reflection cracking is the reappearance of any cracks
reflecting from an underlying pavement through a sub-

sequent overlay.

Various overlay thicknesses have been placed, and many
experimental fabrics or other materials have been used in
efforts to control reflection cracking. Long-range
service has not yet been experienced with the latest
generation of experimental materials. "Nonreinforced"
overlays provide as long a service life as any other
materials of equivalent cost tested for reflection

cracking control.

General practice, based on experience in California,
applies the following minimum overlay thickness to

control reflection cracking,

AC pavement over untreated base; One-half the
existing AC thickness,
PCC pavement or AC pavement over cement treated base:

0.30 foot minimum,

There is insufficient California data to determine the
service life of flexible pavement overlays to control

reflective cracking.

The service life of thick overlays placed on rigid

pavement is defined as the time when more than five
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transverse cracks or joints per station appear in the
overlay. The great variation in performance of these

overlays can be explained by their variable thickness.

The current study indicates the service life of reflec-
tion cracking overlays over rigid pavement averages 88
months with a range of 5 to 171 months as shown in Figure

IV-9.
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5. Findings

Although sand and rock seals may do well for non-crack re-
lated pavement repair, they provide a short-lived sclution
for preventing surface intrusion of water on cracked pave-

ment.

Rock and Sand Seals used for correcting cracking problems

are ylielding a service life of only one to four years.

Thin blanket overlays are not always being placed where they

provide cost-effective rehabilitation.

The mean service life of a one-inch AC overlay is only 30
months before the original cracking condition recurs. Thin
blanket overlays should not be used to correct cracking
unless warranted by engineering structural analysis, or
unless engineering Jjudgment indicates a temporary solution

because of time, financial, or other constraints is adequate.

The increased service life and superior predictability of
deflection analysis designed overlays indicates this method
is superior to either the gravel eguivalent or engineering
judgment methods. Deflection study field work costs about
$1,000 per day (1977 base). On-site production averages 10
lane miles per day. Travel time to remote locations would
add to this cost. The cost of a deflection method overlay

design is in the range of 1/2 to 1 percent of project con-

struction cost.

There is ample evidence that deflection method overlay
designs have often resulted in thinner overlays than sub-
jective judgment overlays. The resultant savings can readily
amount to several hundreds of thousands of dollars annually.
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This study reflects service life expectancy of current
pavement rehabilitation practice. Longer service lives can
be expected when rehabilitation practices are implemented in

accordance with the findings of this study.

Guidelines for the design of overlays on flexible pavement

are given in Figure IV-10.
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GUIDELINES FOR THE DESIGN OF OVERLAYS

ON FLEXIBLE PAVEMENT

PAVEMENT PROBLEM

RECOMMEND OVERLAY DESIGN METHOD

1
ENGINEERING]  GRAVEL | e ool %Er%crxér{
RACKIN
JUDGEMENT| EQUVALENT | o e ! Ny
NON LOAD ASSQOCIATED CRACKING -- BLOCK OR SHAINKAGE
CRACKING. TRANSVERSE AND/OR LONGITUDINAL CRACKING
L NO VERTICAL GRADE CONTROLS X
2 WITH VERTICAL GRADE CONTROLS X x @
1 COST EFFECTIVENESS MDICATES A COMPOSITE OVERLAY.
PEWORKING THE EXISTING STRUCTURAL SECTION. OR X
| PECYCLING - (USNG R VALUE TEST PROCEDURE)
LOAD ASSOCIATED CRACKING —-- ALLIGATOR CRACKING
IN THE WHEELPATHS
1. NO VERTICAL GRADE CONTROLS X
2 WITH VEATICAL GRADE CONTROLS X X @
1 COST EFFECTIVENESS INDICATES A COMPOSITE OVERLAY
AEWORKING THE EXISTING STRUCTURAL SECTION OR X
RECYCUNG - (USNG R VALUE TEST PROCEDURE)
PREMATURE STRUCTURAL FAILURE - INVESTIGATION X

RIDE ROUGHNESS -- NOT ACCOMPANIED BY ABOVE
CRACKING DEFECTS. < 0.10 FOOT PLUS REQUIRED

X
LEVELING COURSE
RAVEL LOW SKID RESISTANCE, POOR SURFACE
TEXTURE, NON LOAD ASSOCIATED HAIRLINE X

CRACKING ETC, NOT ACCOMPANIED BY ABOVE

CRACKING (< 0Q.10 FOOT)

)WITH BOTH NON LOAD ASSOCIATED AND LOAD ASSOCIATED CRACKING, THE GREATER REQUIRED THICKNESS

GOVERNS.

) APPLICABLE F A PEWNFORCING FABRC OR RUBBERZED INTERLAYER WILL REDUCE OVERALL THICKNESS SUFFICIENTLY

TO ACCOMMODATE VERTICAL GRADE CONTROLS

Figure IV-10
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Cc. Performance of PCC Pavements in California*

The performance of PCC (Portland cement concrete) pavements is
currently under study in California. Pavement condition and
historical traffic data on rigié pavements 1s being used to
empirically relate the surface characteristics of fractured and
faulted slabs to the total accumulated eguivalent axle loadings
(EAL's). The study findings make it possible to estimate the

"remaining life" of rigid pavement sections through surveys of
their surface conditions.

Findipgs based on this study are as follows:

(o} No correlation between ride score and
accumulated EAL's, or ride score and lane
number, could be made because of the
possibility grinding or other surface main-
tenance had been performed during the life

of the pavement,

o} The correlation obtained between rocad meter
ride scores and the faulting index**, suggest
that the road meter does measure faulting and
that a ride score greater than 40 indicates

that faulting is becoming severe,

* For complete details of this study, see reference number 57,
** Faulting index is a number from 0 to 10 subjectively
indicating the relative roughness of faulted PCC pavement.
0 is nonfaulted new pavement and 10 is very rough riding

heavily faulted old pavement,
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For

For
EAL

PCC pavements on cement treated subgrade:
Moderate faulting can be expected after

1.0 x 106 EAL repetitions,

Severe faulting is not expected before

1.5 x 106 EAL repetitions,

On the average, severe faulting can be antici-

pated at approximately 2,5 x 109 EaAL's.

PCC pavements on cement treated base:

Moderate faulting can be expected after

1.0 x 10® EAL repetitions,

Severe faulting is not expected before

2.0 x 10% EAL repetitions,

On the average, severe faulting can bhe antici-
pated at approximately 4 x 100 gAL's.

a highway that has experienced 4 x 10°

repetitions the difference in faulting

performance between CTR and CTS is about two to

three years, based on 1977 traffic fiqures
(500,000 EAL's in 1977).

PCC

pavements fail by cracking from fatigue

loading.

The

failure progression of PCC pavement over

cement treated subgrade and PCC pavement over

cement treated base are similar, but their

service lives are different.

The

strength of the cement treated layer

directly under the PCC pavement has a
significant effect on the fatigue life of PCC

pavement,

There is little time differential between the

onset of first stage cracking and third stage

cracking.
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Extent of third stage cracking or total
cracking can be used to predict the relative
remaining life of the pavement, Actual
experienced FAL's must be known to predict

remaining life in real time,

When the total percentage of cracked slabs
approaches 20 percent, severe cracking
distress is likely in the near future. 1In
California, the time span from 20 percent
total cracking to severe distress is well

within five years.

The cracking failure model developed in this
study proved valid in the various
environmental settings tested in California
representing coastal, mountain, desert and

central valley climates.
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D. Performance of Grinding PCC Pavements to Improve

Ride Quality

There are many miles of Portland cement concrete pavements in
California that have been in service for 15-20 years. Because of
the condition of pumping, a step off or faulting can develop at
the transverse joints over a period of time. Significantly
faulted pavement produces an annoying and noisy ride that
generates complaints from truckers and motorists. Faulting can
result from base and shoulder erosion creating voids under some
parts of the pavement and a buildup of material at other points
and lead to rocking slabs due to the presence of voids under the
joints. This condition eventually leads to cracking and slab
breakup. There is the potential for many thousands of lane miles
of PCC pavements to develop faulting followed by structural

breakup as they age,

There are several strategies such as patching, mudjacking,
asphalt subsealing, overlaying or grinding that have been used in
an effort to correct the problem., One strategy that is being
used increasingly is grinding of the pavement surface, usually
limited to the outside or truck lane providing the pavement is
structurally sound {limited cracking), This method can be very
expensive, The price of grinding including traffic handling, and
supplemental work, was $4 per square yard on recent projects.
There 1s some question as to the long-term performance and cost
effectiveness of this strategy from the standpoint of whether or
not the causes, and hence continuation of faulting, has been

controlled.



at best, grinding alone, without being accompanied by other
strategies to correct the cause of faulting or rough ride,
appears to be a questionable strategy to improve ride quality of
pCcC pavement since the service life of improved ride quality
seems to be highly variable. This may be due to a lack of

sufficient performance data, or other variables.

It has been observed on some projects where grinding alone has
peen done that the slabs continue to rock under traffic loads.
This can be attributed to the presence of voids under the slabs
resulting from pumping and/or curling, caused by thermal
stresses. Voids could possibly be filled by subsealing or
mudjacking prior to grinding. The continued movement of these
slabs will probably lead to a short service life and the likeli-
hood of rapid slab breakup. On projects where rocking slabs are

encountered, alternate repair strategies could be more effective.

There are other strategies to improve the ride quality of PCC
pavement or eliminate faulting that should be tested and
evaluated. These include thin PCC overlays (subsealed where
badly cracked), subsealing combined with grinding, underdrains,
epoxy overlays, overlays combined with pavement reinforcing

fabric, and others. These strategies could prove to be more cost

effective than either grinding or thick overlays.
On the basis of present data, it appears that a minimum of 4

years of improved ride guality can be expected before the ride

score increases to a value equal to or greater than it was prior
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to grinding. However only one grinding of the pavement surface
may be possible since removal of another 0.5 inch of Portland
cement concrete could decrease the concrete thickness to a point
where the structural strength of the concrete is affected and the
slabs could fail due to loading.

Even though AC overlays are 2 to 4 times more expensive than
grinding they may be more cost effective since they may last a
proportionately longer period of time, It is estimated that a
.30-.35" AC (minimum required to minimize reflection cracking)
overlay may perform satisfactorily for 10 years. The asphalt
concrete overlay has the potential of being recycled when
deteriorated, providing another 10 or more years of service,
This could become very advantageous in the future as our natural
resources diminish or the cost of bituminous material increases

significantly.

The performance of grinding rigid pavement to improve ride qual-
ity, as experienced in several projects, is shown in Figures

IV~lla to I1Iv-11lh.
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V. Cost Considerations

Repair Strategy Cost Models

l. Usage

The Pavement Management System (PMS) generates for each
district a listing of problem pavement locations, the
indicated dominant repair strategles, strategy service lifes,
and PMS estimated project cost (see Section VII of this
report). Lists are reviewed to determine if other planned
work conflicts with or supersedes the indicated PMS project,
The district selects the appropriate solution among
alternatives based on field review, funding constraints, or
level of service and adjusts the cost estimate if warranted.
PMS cost estimates are used for program level deliberations

until superseded by district estimates.
Pavement Management System cost estimates are used for:

0 Making cost effectiveness comparisons among

repair strategies.
o Determining repair costs for all districts.

e} Determining relative pavement repair program
mix between routine maintenance, major

maintenance, resurfacing, and reconstruction,

o] Determining appropriate statewide funding
level for maintenance, resurfacing,
reconstruction, and other pavement repair

programs,
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2. Cost Data

The Pavement Management System produces project level cost
estimates sufficiently accurate for statewide pavement
management decision making. More specific and detailed
district estimates are required in order to be sufficiently
accurate for "project level" decisions such as project
budgeting and contract advertising. The latter are not a

part of California's PMS.

Contract Cost Data, Maintenance Management System Cost Data,

and engineering judgement were used to develop a computer

cost file,

"Contract Cost Data" is published annually. It contailns
contract item average bid prices by district and statewide.
Quite commonly, average prices are not availlable for all
districts. Bid prices recorded vary greatly between
districts. Figure V-1 shows the price range and variance of
asphalt concrete within districts and statewide. Because of
the large range in values these figures require some

engineering judgement to develop average prices,

The Maintenance Management System contains unit costs for
maintenance program activities by district and statewide.
Costs are highly variable among districts, This cost data
has the same limitations as "Contract Cost Data", but can be

similarly used for PMS.
District staff estimates are the most accurate available.

They reflect local knowledge of factors that influence

contract prices or maintenance costs. These estimates are
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suitable for all functions. District staff cost estimates
cannot be feasibly made for all projects triggered by the

PMS. They will be utilized to supercede the PMS estimates
when available,

In comparison to new construction, there 1s a paucity of cost
data for pavement revair and reconstruction work. In order
to produce realistic and current cost estimates, the PMS
estimates are compared to actual contract costs and the

computer price factors adjusted on a periodic basis.

A special cost data base has been developed, comprised of
average costs per lane mile of all repair strategles, so that

cost estimates are based on current repalr work prices,
3. Assumptions for Cost Estimates

Project cost accuracy is significantly influenced by road
width, specific repair strategy or thickness, and unit cost

factors.,

Road width is non-standard and varies considerably within
road types. Two-lane roads vary from 20 feet to 40 feet or
more depending on shoulder width and channelization, Multi-
lane roads also vary substantially, but to a lesser degree.
The PMS data base contains the number of lanes, but no
shoulder width information. Changes in standards over the
years and a variety of geometric configurations within the
same road category have resulted in a wide variation in width
of existing shoulders. More accurate data concerning

shoulder widths is available, but it 1is not felt that the

-94-



marglinally improved accuracy warrants the computer program
interface required with other data systems. For these
reasons, average width assumptions are made for two-lane,

multilane, and freeway shoulders,

In those cases where the pavement evaluation system indicates
a dominant PMS repair strategy with alternatives of an
overlay or lane reconstruction, the overlay strategy is used

to provide the basis for the PMS cost estimate.

Following are some of the most significant assumptions in

developing the cost formulae:

a. A 0.20' AC overlay is assumed when the flexible
pavement evaluation system indicates a structural
analysis overlay solution. This is the statewide average
thickness recommendation by the California Transportation
Laboratory based on deflection analyses conducted over

the last 10 years.
b. A rubberized asphalt chip seal coat 1is assumed when

the flexible pavement evaluation system indicates a

reflection crack analysis solution,
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c. Grind slabs, subseal and installation of edge drains
is assumed when the rigid pavement evaluation process
indicates "correct the cause of bad ride",

d. A 0.30', 0.40' or 0.50' AC overlay is assumed when
the Rigid Pavement Traveled Way Evaluation svstems
indicates an overlay solution, The AC thickness assumed
is dependent on the degree of 3rd stage crack spalling,
Nominal (N), Moderate (M) or Severe (S}.

PMS cost studies do not Incorporate user costs. Project
development sufficiently considers user delay cost in plan
and specification preparation. Nebulous user costs should
not be allowed to unduly influence selection of the

appropriate repair strategy,.

4, Cost Formulae

Each leg of the pavement conaition evaluation decision-trees
identifying a repair strategy has a separately identified
cost formula. This was done 1n order to simplify the process
of making changes in the computer program {(even though some
formulas have identical form}, The formulas are given for
rigid pavement on Figure V-2a and V-2b and for flexible

pavement in Figure V-3,

There are provisions for geographical variances in costs

(factor Gg) which can provide a factor for each of
the eleven districts and a statewide average. The cost
formulae also include a traffic handling factor for 2-lane,

multilane, or freeway facilities,
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Cost factors, overlay thickness assumptions, traffic handling
factors etc. although handled as constants are "tabled" in
the computer system and can be changed with ease in the light
of new or more accurate information or for the purposes of
simulation studies.

Following is a description-of the factors used in the PMS
cost equations:

a. Geographic factor

Gg = G, Gy ————~ G13. Used to provide for geo-
graphical cost variances for each district. Gji3
is the statewide average znd will equal 1.00.
District factors can vary above or below

the statewide average,.

b. Traffic Handling factor Present Value
T2 = two-lane facilities 1.25
™ = multilane facilities 1.15
TF = freeway facilities 1.15

c. Flexible Pavement Repair factors Present Value
DA = Structural Analysis, depth of 0.20'

overlay

ca = 0,10' AC Overlay $ 12,500/Ln-mi
¢J = 0.08'" Thin AC Overlay S l0,000/Ln-mi.
CK = Reflection Cracking Analysis $ 10,000/Ln-mi
CE = Base Repair and patch $140,000/Ln-mi
CL = Rock Seal Coat $ 3,000/Ln-mi
CP = Fill Cracks $ 1,000/Ln-mi
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F2

M

FF

ride leveling course factor,

2-lane facility

ride leveling course factor,

multilane facility

ride leveling course factor,

freeway facilities

Rigid Pavement Repair

Traveled Way factors:

DN
DH
DS
CR
CJ
CGl1
CG2
CG3

n

AC Overlay depth
AC Overlay depth
AC Overlay depth
0.10' AC Overlay

factors
Eor IINII
for "M"
for Ilsll

Replace random slabs

Grind slabs
Subseal slabs

Edge drains

Shoulder factors:

cv
cT
CX
CcpP
CY
Cs
CW

Strip patch

Trim

rFill joint
Reconstruct

#i1ll cracks

Seal coat

0.08' AC Overlay
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spall
spall
spall

1.30

1.15

Present Value

0.30"

0.40'

0.50'
$ 12,500/Ln-mi
$175,000/Ln-m1i
$ 20,000/Ln-mi
$ 15,000/Ln-mi
$ 20,000/Ln-mi

Present Value

S 700 /mi
$ 1,500/mi
$ 400/mi
$ 30,000/mi
$ 400/mi
$ 300/mi
$ 10,000/mi



B. Roadbed Maintenance Cost

In evaluating alternatives for repair of a particular section of
highway, a comparison should be made between pavement maintenance
expenditures and the cost of a capital improvement project. This
provides the decision maker or program advisor with realistic
information to determine whether it is more cost effective to
continue to provide routine maintenance or to proceed with a

capital outlay project,

Other factors such as functional classification of highway, level
of service, ride quality, public demands, financial program
levels, and district minimums need to be considered along with

maintenance expenditures in arriving at a decision.

In order to make this analysis, it is necessary to have
reasonably accurate pavement maintenance expenditures for
particular segments of highways. For this reason, California's
Maintenance Management System has now incorporated the reporting
of these expenditures on a post mile basis in a computer file

which will be accessible to the PMS in about one year.

An additional benefit will be the ability to produce an exception
report when pavement maintenance expenditures on individual
highway sections show a marked increase often associated with

deteriorating pavement,

In the PMS context, it is important to compare the cost of
continued maintenance to the cost of rehabilitation in
determining respective program levels. A detailed theoretical
procedure relating age and type of pavement, structural defects,
ride guality, traffic volume, environmental conditions, and other
parameters and which supposedly can predict future malntenance
costs and the optimum time to do a specific maintenance operation
or a rehabilitation project is infeasible. The factors are too
variable to provide reliable data. A simple straight forward
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approach that compares the past and anticipated pavement
maintenance expenditures and other factors with the cost of a

rehabilitation project is more realistic,

C., Cost Effectiveness Considerations

The major purpose for developing a Pavement Management System is
to improve the cost effectiveness of pavement maintenance and
rehabilitation expenditures. This can only be achieved by
defining an acceptable level of service and then minimizing

expenditures to produce that quality of service.

Because of the scope, complexity, and diversity of cost effective
considerations it is impractical to incorporate an automated cost

effectiveness assessment in the PMS.

Overall cost effectiveness is addressed in several phases of the

management decision making process for existing pavements.
1. Determining relative program levels:

Relative program levels (i.e. Maintenance vs reconstruction,
etc.) should be based on repair costs, program effectiveness
and sound engineering practice. The PMS produces a summary
report of repair costs by program and by geographic location
in terms of District, County, Route, etc. (See Section VII of
this report). The historic pavement condition inventory and
past program expenditures will be evaluated over time to
deternmine the program levels needed to match pavement
deterioration rates., Other studies will address the cost
effectiveness (e.g. service life extension vs cost) of
resurfacing vs reconstruction. These types of cost
effectiveness studies can and will be made within the scope

of the pavement management system. However, they are
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infrequent periodic analyses that can best be addressed as

special studies and need not be incorporated in the automated
functions.

2, Determining relative project priorities:

The role of cost effectiveness and other considerations are
presently being formulated to reflect departmental pPricritiz-—
ing policies,

3. Determining appropriate strategies among alternatives:

The selection of an appropriate repair strategy will be based
on an evaluation of feasible alternatives, The PMS includes
a research of the state of the art for pavement repair
strategies (function of strategy, proper and improper
applications, approximate cost and estimated service life),
The evaluation of alternatives at a specific location is a
function of specific engineering design which is not a
component of PMS. The final strategy selection should
consider site restrictions (vertical grade controls,
environmental constraints, etc.), material and resource
availability, traffic handling constraints, safety and
appearance characteristics, as well as an evaluation of cost
effectiveness of feasible alternatives, The cost
effectiveness analysis should take into account the initial
cost of the repair, the service life of the repair, and the
time value of money {(interest rate) in a conventional
engineering economic analysis. The PMS will supply the
majority of the needed information, but the'analysis is the
responsibility of the design engineer. The conclusions
reached in an alternatives evaluation should be documented in
requests for project concept approval and in program priority

lists of projects.
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4., Cost effectiveness reassessment:

New and innovative repair materials and techniques are
developed from time to time, Recycling and stress relieving
interlayers for overlays are some relatively recent examples,
Such new techniques may be more cost effective in some
instances than the old standard remedies. Market price
fluctuations in aggregates, cement, asphalt and other basic
materials may also change the relative cost effectiveness of
strategies. Periodic reassessment of the state of the art of
repair methods and techniques should be made to determine if
economic conditions warrant changes in policies governing
pavement maintenance, resurfacing'and reconstruction. The
implementation phase of PMS includes an ongoing monitoring
and evaluating process to improve total program cost

effectiveness,
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VI, Pavement Management System Applications

Pavement Management System Implementation

l. Information Available

The PMS described in this report has been implemented in
California to manage pavement repairs statewide. This system
will enhance and suppbrt the decision making processes with
meaningful information applied through a structured process

that is based on sound engineering practice (See Figure
VI-I)'

Following is a partial listing of the types of information
produced by the system:

o Meaningful pavement condition data for each

lane throughout the entire state highway
system,

0 Measureable pavement quality levels of

service,

o A structured process for evaluating pavement
conditions and identifying the appropriate
level of repair commensurate with the

assigned level of service.
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Listings for each lane that identify all
triggered problems and their corresponding
repair strategies for developing alternate
designs.,

State of the art type information for repair
strategies (function, proper and improper
application, cost and service life

estimates),

Project cost estimates for the most

desirable repalr solution.

Information for determining the relative cost
effectiveness of alternate solutions.

A correlation of available repair strategies

with the highway program funding structure,

Project eligibility guidelines for the
Federal R-R-R Program,

Listings of candidate projects for each

funding program component.

Repair cost summaries for each funding

program component.

Information for prioritizing projects in each

district and statewide.
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2, Use by Headquarters Function

The information produced by the PMS has several applications

for headquarters functions:

o Program Funding Levels,

The PMS will provide the information to
develop a periodic statewide "state of the
pavement" report that will quantify the level
of effort that would be required to maintain
the entire state highway system at a
prescribed level of service. The report will
include a historic assessment of pavement
conditions and evaluate the short range and
longer term implications of current and
alternate program funding levels,

Comparisons will be made between highway
system components (by functional
classification and federal-aid systems) to
determine if different levels of service
would be appropriate and address their
funding implications. The cost effectiveness
of the highway program funding components
will be evaluated to determine the
appropriateness of each. Cost estimates of
funding alternatives would be used to
recommend funding level adjustments to top
management. These analyses would also
provide a basis for modifying program
criteria to improve the over-all cost
effectiveness of maintenance and

rehabilitation expenditures.
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o Project Priorities

The PMS pavement condition data and other
parameters will be used to define
departmental prioritizing policies., A
structured process reflecting those policies
will be used to determine project priorities
in each district and statewide. Project
priorities will then be used in conjunction
with legislative, fiscal and ¢ther controls
to schedule improvements in the S-year State

Transportation Improvement Program,
o Administrative Communication

PMS informaticn will aid liaison
communication between the districts,
headquarters and the FEWA, It will provide a
consistent basis for evaluating project
proposals, setting project priorities,
determining federal funding eligibility and
aid in making project tradeoffs within and

between districts,
3. Use by District Functions

The information produced by the PME can be sorted and
reported by district, route, county, maintenance cost center,
federal-aid system and functional classification. It can
also be sorted and reported by problem type, severity, repair

strategy type and project cost range. This provides a wide
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range of applications within the districts like:

o Identifying locations where repair work

should be considered.

o} Identifying all problems and corresponding
repair strategies for each lane of a project

to aid developing project alternatives,

o] Providing repair cost and service life
information on alternative repair strategies

for cost effectiveness evaluations,.

o) Correlating repair strategies and funding

program components for project alternates,

o) Determining project priorities within the

district for each funding program component.

0 Providing information to justify projects for

headquarters approval.

o Providing repair cost estimates to assess
maintenance, resurfacing and reconstruction
costs within the district to aid distribution
of discretionary funds geographically by

program,

o} Providing a basis for balancing discretionary

funds between programs within the district.

o Providing a basis for assessing the impact on
maintenance workload when resurfacing and
reconstruction projects are postponed in the .

prioritizing and scheduling process.
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4. Implementation Plan

System development is beyond the conceptual phase. The PMS

computer system is complete and is presently producing user
reports, '

PMS findings, processes and products are being implemented as
a structured decision making process. The PMS will be used
throughout the project development process for Caltrans'’
reconstruction, resurfacing and maintenance programs. A new
cycle of the annual planning, programming and budgeting
process began in the fall of 1978, The following describes
how PMS is implemented and integrated in the overall project

development process.

o} Repair strategy state of the art findings
have been used to modify criteria for each
program to ensure that appropriate project.

sclutions appear in each program,.

0 The system has produced cost estimates for
each program to correct all triggered
problems. These cost estimates represent the
funding required to provide a prescribed
level of service. This information will be
used by top management to aid in setting
program funding levels for the 5-year State

Transportation Improvement Program.
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o Each district has been furnished the complete

series of PMS user reports for their area:

- Flexible Pavement Condition Inventory
- Rigid Pavement Condition Inventory

- Bridge Approach Condition Inventory

- Candidate Projects Report

. Reconstruction Program

. Resurfacing Program

. Flexible Pavement Maintenance
Program

. Rigid Pavement Maintenance
Program

- Corrective Strategies For All

Triggered Lanes Report

o Guidelines have been developed for selecting
candidate projects in each transportation

district for each program,

o Prioritizing guidelines for each program
have been developed that define Caltrans’
prioritizing policies, .Candidate projects for
each program will be prioritized by each district.
All district priority lists for each program will
be aggregated into a statewide priority list by the
statewide program advisor as information to aid
programming and budgeting projects in the 5-year

State Transportation Improvement Program,
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0 Instructions have been developed to assist
users in accessing all information in the
computer files., This includes the capability
of modifying level of service trigger values

to play "what if" games for special studies.

B. Pavement Management System User Reports

PMS is a management information and evaluation system to improve

the pavement rehabilitation decision-making process.

A considerable effort has been made to involve users 1in the
development of computer reports to make them responsive to
district and headquarters user needs. These reports have been
designed to provide a limited array of report formats, minimize
the volume of information furnished, and provide maximum
capability and flexibility for selecting and sorting

information,

The information reported through the PMS describes pavement
condition in meaningful understandable terms. It identifies
where rehabilitation should be considered, indicates the
appropriate level of repair, reports repair cost and expected
service life, quantifies rehabilitation costs, supports program
funding levels, and aids in determining program and project

priorities for programming improvements.
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Three basic kinds of reports have been developed to meet these
jnformation needs:

1. Pavement Condition Inventory

Flexible pavement
Rigid pavement
Bridge Approach Ride Rating

2, Candidate Project Lists (Dominant Strategy)

Resurfacing Program {HA3)

Reconstruction Program (HAZ22)

Flexible Pavement Maintenance Program (HA1101)
Rigid Pavement Maintenance Program (HA11l02)

3. Corrective Strategies For All Triggered Lanes

All triggered problems and their appropriate repair
strategies for each lane.

The format and content of each of the user reports are
displayed in Figures VI-2a to VI-2f. The locations or
projects listed in these reports can reflect all information
In the data base, or only projects triggered by PMS levels

of service criteria, or only those locations that meet the
selection criteria prescribed by any user from a wide variety

of available selection parameters,
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C. Repair Strategy Correlation With The California Highway
Program Structure

California's financial resources are allocated to several
prodrams: Aeronautics, Mass Transportation, Ceneral Support,

Highways and Transportation Planning. Pavement maintenance and

rehabilitation are included in the Highways program.

The resources allocated to each programr are influenced by a
variety of factors such as: statutory reguirements, program
emphasis, departmental policies, Federal-aid allocations, public
desires, and political realities. For PMS purposes, departmental
policies have been used as the sole criterion for correlating

repair strategies with program elements and components.

pPavement maintenance and rehabilitation in California is

accomplished under four highway funding components:

Flexible Pavement Maintenance Program
Rigid Pavement Maintenance Program

Reconstruction Program

c © 0O ©

Resurfacing Program

The PMS correlation of strategies to program components reflects
current Caltrans policies. This data 1is incorporated into the
PMS informafion system and used in the process of summarizing
systemwide pavement maintenance and rehabilitation costs. These

costs may be used to develop recommendations for appropriate

program funding levels and for determining the allocation of
various program funds to the several transportation districts in

california.
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D. Repair Strateqy Correlation With The Federal "Resurfacing,

Restoration and Rehabilitation Program"

Pavement repair projects on the Federal-Aid Highway Systems may

be eligible for federal-aid financing through the "Resurfacing,

Restoration and Rehabilitation (R-R-R) Program" under provisions
of the Federal-Aid Highway Act of 1976.

California's understanding of federal-aid financing eligibility

for the various pavement repair strategies is portrayed in Figures

VI-3a to VI-3c. These tables summarize the general conditions of

federal-

aid eligibility for the various repair strategies, as

jointly determined by Caltrans and the FHWA California Division

Office,

based on the following documents:

Draft memorandum from FHWA California Division
Administrator to District Engineers and Bridge
Engineer dated January 21, 1977, regarding "The
R-R~R Program, FHWA Notice N5040.19, June 28,
1976.

"Resurfacing, Restoration, and Rehabilitation
(R-R-R) Work", FHWA Notice N5040.19, June 28,
1976.

"Federal-Aid Highway Program Manual, Volume 6,
Chapter 2, Section 1, Subsection 1l: Design
Standards For Federal Aid Projects", November 18,
1975,
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The tables provide general policy guidelines for planning and
programming eligible R-R-R projects. They provide quidance
regarding the required degree of conformance to geometric and
safety standards and the project design thickness justification
required. These policies are subject to frequent change.

Proposed minimum geometric design standards for R-R-R projects on
non-freeways have been developed by FHWA. Those standards have
been published in the Federal Register, Vol. 43, No. 164, August
23, 1978 {pages 37556 through 37568).
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VII. Computer Usage

A. PMS Computer System Design in Concept

The computer system 1s comprised of four basic component
processes shown in Figure VII-1. The schematic and subseguent
text describes the flow of information from data collection to
the production of computer reports that support pavement
management decision making.

COMPUTER SYSTEM OVERVIEW

DATA PMS MASTER FILE _1 [ PAVEMENT CONDITION _T INFOHMA“ON SELECHON'
COLLECTION CREATION & UPDATE EVALUATION & REPORT WRITING
PROCESS ' l PROCESS | l PROCESS | | PROCESS
—_ e . | I

|
|
I
D

Figure VII-1
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1. Data Collection Process

Pavement condition data from field surveys is collected and
stored in flexible, rigid, and bridge approach subfiles
because the information in each category 1s unique. The

three subfiles are merged to create the Pavement Condition

Masterfile,

Figure VII-2 also shows the type of data collected and stored

in each of the three categories.

DATA COLLECTION PROCESS

FLEXIBLE

PAVEMENT
CONDITION ‘
DATA
PAcgﬂg . PAVEMENT I
N
CONDITION MERGE CONDITION - “"l"'
DATA MASTERFILE
DATA
BRIDGE
APPROACH
CONDITION
DATA
FLEXIBLE PAVEMERNT RIGID PAVEMENT BRIDGE APPAOACH
CONDITION DATA: CONDITION DATA: CONDITION DATA.
SEQMENT LOCATION SEQMENT LOCATION BRIDGE LOCATION
ALLIQATOR CRACKING SLAB BAEAKUP BRIDQE IDENTIFICATION
TRANSYEASE CRACKING RIDE GUALITY BRIDGE APPRQACH RIDE AATING
LONGITUDINAL CRACKING SFHOULDER CONDITIONS MAINTENANCE TERAITORY LD,
AUTTING JOINTY SEPARATION CONDITION SURVEY DATE
ALVELING & WEATHERING SHOULDER DISPLACEMENT
PATCHING SHOULDER CONDITION
AIDE QUALITY SXID NUMBER
SKID NUMBER % TRUCKS
$ TAUCKS MAINTENAMCE TERAITORY 1.0,
MAINTENAKCE TEARRITOAY 1.0, AMMUAL RAINFALL
ANMUAL RAINFALL RATERA'S SPECIAL COMMENTY

RATER'S SPECIAL COMMENKTS COMNDITION SURYEY 0OATC
CONDITIOH SURVEY DATE

Figure VII-2
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2. PMS Masterfile Creation and Update Process

Pata from the Pavement Condition Masterfile is edited and
translated to initiate the Pavement Management Masterfile.
Project and system data are then added to complete the
Pavement Management Masterfile. This process also includes

the capability to update or correct the file.

Figure VII-3 also shows the kind of project and system data

added in this process.

PMS MASTERFILE CREATION
AND UPDATE PROCESS

PROJECT &
SYSTEM
DATA

PAVEMENT

ADD DATA
& UPDATE
PROCESS

PAVEMENT
MANAGEMENT
MASTERFILE

EDIT
PROCESS

PRQJECT AND SYSTEM DATA:

* TRAFFIC VOLUME
ROAD SEGMENT LENGTH

« FUNCTIONAL CLASSIFICATION
* FEDERAL AID SYSTEM

- ROUTES OF STATEWIDE SIGNIFICANGE ' |
- MAINTENANCE GCOST )

- PAVEMENT SERVICEABILITY INDEX

+ PROQRAMMED & BUDQETED REPAIRS
- DISTRICT PLANNED REPAIRS

Figure VII-3
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3. Pavement Condition Evaluation Process

Data from the Pavement Management tasterfile 1is screened by

the pavement condition evaluation process against problem

trigger values {(levels of service) in the same decision-tree
evaluation process described in Section III and matched with
appropriate standard PNS repalr strategies. In this process
the user can use standard trigger values or define an
alternate range of values for special studies or more
gselective sorting. A Working File is thus established using
either standard values or user specified values. The Working
File is then supplemented with project cost estimating
factors and repair service life data to complete the working

file,

Figure VII-4 also describes the added inputs to this process.

PAVEMENT CONDITION EVALUATION PROCESS

PROBLEM

— — »EVALUATION
PROCESS

TRIQQAER STANDARD ADO STANDARD
VALUES PMS VALUE i PMS VALUE
WORKING Pn?cré\ss WORKING
FILE FILE

PROJEGCT
COST
FAGCTORS

REPAIR
SERVICE LIFE
DATA

USER USER
VALUE ADD VALUE
STANDARD WORKING DATA WORKING
PMS FILE PAOCESS FILE
REPAIR
STRATEGIES

PRCOBLEM TRIGGER VALUES!

AIDE QUALITY
ALL PAVEMENT PROBLEMS

STANDARD PMS REPAIR STRATEGIES:

STRATEGY/PROBLEM CORRELATION
FQA PAOJECT COST ESTIMATES

Figure VII-4
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4. Information Selection and Report Writing Process

The working file created in the pavement condition evaluation

process is input to the selection process.

Data from the

working file is tested against the selection criteria

specified by the user (either standard PMS values or user

designated values) to create the selected file
user designated).

segments (projects)

The selected file 1is the input to the
to produce the desired information in

reports shown in Figure VII-5,

desired by the user.

one or

{standard or

This procedure produces a file of highway

report writing process

more of the

Examples of the user reports

are shown in Figures VI-2a through VI-2f,

INFORMATION SELECTION AND

SELECTION CRITERIA:

REPORT WRITING

PROCESS

STAROARNG
Ll 1]
SOLRCTLD
LAY §

ILACTION
PRCCENT

FLEFMLE PAVEWEMT
CoMTION
MvEwTony weecar |

UG PAYEGENT
UMM TION
INAALMTGEY mERCAT

ARITIC APPAGACH
CORSITiOn
mituToRY mproEt |

R PR
LR LTl
PECLEND

CAMIQATE
o HCY
BEFORY

NS TN BT T Y
L RAPRRL L e
LAY Pl I Y

CONOITION INVENTORY REPORTS:
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Bp. Description of Computer Programs

A Elow chart of the computer system 1Is shown in Figure VII-6,

with some exceptions noted below all programs come in matched
pairs, These are described, for example, as MMS601/650. The
first number refers to that program which deals with flexible
pavement and the second number refers to the program for rigid

pavement.

Each program in the system has an 'errors and controls' listing
printed out. The errors portion tells what went wrong 1f a job
failed. The controls portion enable those who run the system to
see that the proper number of records are being passed from

program to program.

All programs in the system have been programmed by the 'top down
structured' method. This means that the functions of each
program have been placed into a hierarchy and are self-contained

in modules that are 'called' by higher functions.

A program may be added in the future if the federal government
requires the use of the 'pavement serviceability index'. This
would be calculated by an equation from pavement condition data,

and added to the PMS masterfile.

A future program or subsystem will select cost data from the
Maintenance Management System and compute the annual maintenance
costs per mile for each section of road in the state highway

system. This will then be used to add maintenance cost
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intformation to the PMS masterfile. Data of this type is Jjust

beginning to be collected in conjunction with the 77-78 pavement

condition survey.

Another future program may be written to provide performance data
on the varilcous PMS repair strategies., This data might be in the
form of statistical tables or plotted curves and will give us the
average expected life of the strategies. From this and initial
project costs 1t may be possibile to determine when the next
repalr should be made, The performance life file presently used
by other programs in the system would be updated. Thils program
could also be used as a basis for managlng the various

malntenance programs.
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l. Pavement Condition Subsystem

The pavement condition subsystem 1s the part of the Pavement
Management System that collects pavement condition informa-
tion. It has four programs. These programs edit incoming
data, update the pavement condition masterfile, create an
inventory report, and print a turnaround document for input-
ting the next survey data with the same postmile sections

that are on the current masterfile.

MMS801/650. This program edits incoming field data from
turnarcound documents and corrections submitted from head-
quarters staff., Data which fails the edit are listed on an

error report. Accepted data are used to create transactlons

updatlng the pavement condition masterfile.,

INPUTS:

Fleld ratings (See riles ~ items 1)

Headquarters correcctions (See Files - 1tems 2 and 3)
OUTRUTS :

Good transactions file (5ee Files - 1tems 4 and 5)

Error report
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MMS602/651. This program updates the pavement condition
masterfile with transactions from the edit program, The
disposition of each transaction (after it is matched against
the masterfile) is printed out. An additional input to this
program is the vehicle factors file, This file contalns
factors used to standardize all ride comfort data regardless
of the vehicle used to gather that data. The factors used

are printed out by the program,

INPUTS:
Pavement condition masterfile (See Files - items 6
and 7)
Good transactions file {See Files - items 4 and 5)
Vehicle factors (See Files - item 8)

QUTPUTS:

Pavement condition masterfile (See Files - items 6
and 7)

Transaction application report

Rejected transactions report

Vehicle factors listing
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MMS604/652. This program writes a report which is used
internally by those personnel who perform the pavement condi-
tion survey. It is replaced for PMS users by the report from
PMS220/225 and PMS245. A legend file provides information
which is printed at the beginning of each district's listing
and a selection criteria file specifies which records are to
be selected from the pavement condition masterfile for
printing. Its major outputs are the inventory report which
lists information from the selected records and totals pages
showing route, district, and statewide totals of centerline

miles and lane miles for the selected records.

INPUTS:

Pavement condition masterfile (See Files — items 6 and 7)
Legend file {(See Files - item 9)
Selection c¢riteria (See Files - item 10)

QUTPUTS :
Inventory listing

Totals

Errors
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MMS606/653. This program creates a turnaround document used
by field crews to rate sections of pavement, It provides

location data (district, county, postmiles) as a basis on
which to start a new survey and provides an organized format
for inputting new data. A selection criteria specifies which
records are to be printed on the document. It's major
outputs are the turnaround document, a log to be used to keep
track of the status of each section of pavement to be rated,
and a listing of the selection criteria and any errors found

in it.
INPUT:
Pavement condition masterfile (See Files - items 6
and 7)
Selection criteria {(See Files - item 1Q)
OQUTPUT:
Turnaround document

Log

Errors
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2. Masterfile Creation/Update Subsystem

The creation/update subsystem establishes the PMS masterfile
from the pavement condition subsystem, and then adds data
derived from other sources. It also provides for making

corrections or other changes.

PMS010/015. This program reads the pavement condition
masterfile, selects certain records (one survey only,
flexible or rigid only, etc.) selects certain portions of
each record, and creates a PMS masterfile. Space is provided
in the new file for additional data to be inserted by other

programs.
INPUT:

Pavement condition masterfile {See Files - items 6

and 7)
Selection parameter (for year of survey)

OQUTPUT:

PMS masterfile (See Files - items 11 and 12)

Controls
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PMS020/025,. This program updates the PMS masterfile to
elther make changes or toc add data. The need for updating

can be caused by one or more of the following reasons:

o An error may have been made.
A proiject's limits may have been changed,
It may be desirable to place a 'hold' on certain
projects because of duplicate projects.

o Districts may decide to use repair strategies that
differ from PMS strategies.

o) A project's funding highway program may change.

INPUT:

PMS masterfile (See Files - items 1l and 12)
Update transactions (See Files — item 13)

OUTPUT:

PMS Masterfile (See Files - items 11 and 12)

Errors

Controls
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PMS5040. This program adds information about the road system
or systems to which any particular section belongs. Such
systems include the federal aid system, routes of statewide
significance, and the functional classification system. The
necessary information comes "from the project management and
control system (PMCS) which is not under the Jjurisdiction of
PMS and is maintained by a different unit, MGTO0Cl creates a
subfile of information which is used in part by PMS040 to

update the PMS masterfile,

INPUT:

PMS masterfile (See Files - items 11 and 12)
PMCS subfile (See Files - item 15)

OuTPUT :

PMS masterfile (See Files - items 11 and 12)

Controls
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MGTO00l. This is an existing program which accesses the
Project Management and Control System (PMCS) data base.

This data base consists of a large number of different record
types, each containing data on various aspects of a highway
project. MGT0O0l was designed to select desired data from the
data base for other existing EDP systems and has been modi-
fied to get the data needed by PMS040, It creates a subfile

of data required for several systems,
INPUT:

PMCS data base {(See Files - item 14)
QUTPUT:

PMCS subfile {(See Files -~ item 15}

controls
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PMS700. The Traffic Accident Surveilance and Analysis System
(TASAS) is a system which is not under the jurisdiction of
the Pavement Management System., It contains data on traffic
volumes and is the official source for the accurate length of
all state highways. There are several different files in the
system., This program reads the TASAS current highway file
and selects records with which to create a subfile of ADT and
length information. It also does some reformatting of the
TASAS data. This subfile is used for both the PMS flexible
and rigid masterfiles and the flexible and rigid pavement
condition masterfiles. The length of a section of road is
obtained from this file because the difference between start
and end postmile limits does not necessarily give a true

length.
INPUT:

TASAS current highway projects file (See Files -
item 16)

QUTPUT:

TASAS subfile (See Files - item 17)

Controls
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PMS710. This program uses the TASAS subfile created by
PMS700 to determine the average daily traffic (ADT) and

length for projects on either of four different files:

The pavement management system flexible masterfile
The pavement management system rigid masterfile

The flexible pavement condition masterfile

c 0 o O

The rigid pavement condition masterfile

The program uses those records from the TASAS file which are
within the postmile limits of the PMS record and calculates
an average ADT and a length for the section. This data is

added to whichever file is being updated.
INPUT:

Flexible pavement condition masterfile (See Files -

item 6)

Rigid pavement condition masterfile {See Files - item 7)
Flexible PMS masterfile (See Files - item 11)

Rigid PMS masterfile (See Files - item 12)

TASAS subfile (See Files - item 17)

File selection parameter {to select input pavement fille)
QUTPUT:

Flexible pavement condition masterfile (See Files -

item 6)

Rigid pavement condition masterfile (See Files - item 7)
Flexible PMS masterfile (See Files - item 11)

Rigid PMS masterfile (See Files - item 12)

Controls
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3. Kickout Subsystem

The kickout subsystem determines which pavement sections on
the PMS masterfile merit repair. The determination is based
on the problem trigger values submitted by the user. These
trigger values are easily changed, thus allowing a user to
test a variety of assumptions., The kickout subsystem also
determines strategy(s) needed to ‘cure' noted problem(s).
Cost and performance data are added to the kicked out

problem pavement locations.

PMS100/105. This program reads the PMS masterfile and
crcates a subfile or 'kickout' file of all those pavement
sections which did not meet the values fed into the program
from a file of '"standard trigger values', Each pavement
section also has strategies assigned based on which
problem(s) failed the assigned values. Sometimes only one
strategy 1s appropriate and at other times there may be more
than one, in which case all would be added to the exception
file. The strategies come from a list of 'standard
strategies'. The logic to get from problem(s) to strategy(s)
is in the program. The trigger values may be changed by
reading in a different trigger value file thus giving the
user the ability to experiment with different values of his

costs or necds.
INPUT:

PMS masterfile (See Files - items 11 and 12)

Trigger values file (see Files - item 19)
QUTPUT:

PMS kickout file (See Files - items 20 and 21)

Controls

-147-



PMS130/135. This program reads the PMS kickout file and
determines the dominant strategy for each pavement section.

It then computes the first cost for that strategy using the
file of standard cost factors. It adds this data plus the
performance life of the strategy and the highway program
which funds the dominant strategy to the kickout file. Non-
standard cost and life files may also be read in order to
play 'what-1if' games to determine the potential effects of

changes to either costs or service life estimates.

INPUT:

PHMS kickout file {(See Files - 1items 20 and 21)
Cost factors file (See Files - 1tem 22)
Performance life files (See Files - item 23)
Parameter (to select district or headquarters cost

factor)
OUTPUT:

PHS kickout file (See Files -~ items 20 and 21)

Controls
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4. Report Subsystem

The report subsystem provides reports in any one or all of
five fixed formats. The data to be reported comes from the
kickout file, or any portion of it, selected by a program
within the report subsystem. By using this program in
conjunction with changes to trigger values in the kickout
program PMS5100/105, an almost unlimited degree of flexibility
1s provided in the system, This flexibility is necessary in
order to determine funding levels, set priorities, determine
the overall condition of any given route, or to determine the
amount and type of work indicated in any particular district,

county, superintendent territory, etc.

PMS5200/205. This program selects records from the PMS Kkick-
out file of problem pavement sections and creates a subfile
to be used later hy the report writing programs. An input
document 1is used for providing the selection criteria and can
use essentially any field on the kickout record. Common
selection criteria would be location data (district, route,
county, cost center, etc,), problem data, highway funding

program data, or strategy data.

INPUT:

PMS kickout file (See Files -~ items 20 and 21)

Selection criteria (See Files - item 24)

QUTPUT :

Selected kickout file (See Files - items 20 and 21)
Selection criteria and edit errors
Other edit errors

Controls
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PMS210/215. This program uses either the PMS kickout file or
a selected portion of it from PMS200/205 to write reports

showing dominant strategies and other information of selected
pavement sections, Reports are lists of candidate projects
of the various highway funding programs that involve pavement

maintenance otr rehabilitation.

INPUT:

P11S kickout file (See Files - items 20 and 21)
Strategy Description file (See Files - item 24)

Parameter (for report heading purposes)

ouUTPUT :

Detailed report (See Figure VII-7a)
Summary report (See Figure VII-7b}

Controls
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PMS220/225. This program uses the PMS kickout file or a
selected portion of it from PMS5200/205 to produce an inven-
tory report on all sections of rocad in the state highway
system, It contains essentially all the information in the
pavement condition file but has the data translated into more
usable forms and includes project length, average daily
traffic and functional classification data from the Pavement

Management System,
INPUT:

PMS kickout file (See Files - items 20 and 21)
QuUTPUT:

Inventory (See Figures VII-7c¢ and VII-7d)
Totals

Controls
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PMS230/235., This program uses either the PMS kickout file or
a selected portion of it from PMS200/205 to write a report
showing the dominant strategy and other appropriate
strategies for each lane of selected pavement sections. The
report provides appropriate strategies to 'cure' the observed
problems when the dominant strategy is not used because of

cOst or other restraints.
INPUT:
PMS kickout file (See Files -~ items 20 and 21)

Strateqgy description files {See Files - item 25)

Parameter (for report heading purposes)

OouUTPUT:

Strategy by lane report (See Figure VII-7e)

Controls
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PMS245, This program uses the rigid PMS kickout file or a
portion of it from PMS205 to write a report providing
information on bridge approach slabs. This 1is necessary

because those records applying to bridge approach slabs were
eliminated from the PMS225 report in order to improve it's

readability. This report supplements the inventory of
pavement conditions for rigid pavements.
INPUT:

Rigid PMS kickout File (See Files - item 21)

ouTPUT:

Bridge approach report (See Figutre VII-7f)

Controls
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————

C. Description of Computer Files

Because of the difference in pavement types, flexible and

pavement information is generally kept in separate files,

There are three major files for each pavement type in the
pavement management system, These are:

o Pavement condition masterfile

o Pavement management system masterfile

o Pavement management system kickout file

rigid

Because of their large size these files are stored on magnetic

tape. Since these files are used by many programs in the system
the definitions of their contents have been placed in a special

library where they may be called in by any program using them.

This allows the definitions to be changed once for the system

rather than once for each program.

There are six subsidiary files for each pavement type in the

system. These are:

Vehicle factors file
Inventory legend file
Trigger value file
Cost factors file

Performance life file

0O 0o 0 0 0 ©

Strategy description file

Since these are very small files they are stored on magnetic

disk.
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In addition there are two files from other systems within the
Department of Transportation which contain information of use to

PMS:

o Traffic accident and surveillance access system file
(TASAS)
o Project management and control system file (PMCS)

For PMS purposes, Information 1s excerpted from those files to
create the TASAS and PMCS subfiles,

There are also several files of a temporary nature which are

passed between programs or used for selection purposes. These

are:
o Pavement condition ratings file
o} Pavement condition corrections file
o Pavement condition transaction file
0 Flexible pavement condition selection file
o Rigid pavement condition selection file
o Pavement management system update transactions file
o Pavement management system selection file

Following are descriptions of the twenty-four files that comprise
the PMS data base:

1. Name: Pavement Condition Ratings File
Record length: 192
Volume: 100-30,000 records

File organization: Sequential

The pavement condition ratings files are created by key data
entry from turnaround documents completed by pavement raters.
Records from this file are used to create transactions which

update the pavement condition masterfile.
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2. Name:; Flexible Pavement Condition Corrections File
Record Length: 164
Volume: 1-500 records

File organization: Sequential

The flexible pavement condition corrections files are created
by key data entry from correction documents submitted by the
headquarters PMS staff. Records from this file are used to
create transactions which add, delete, or modify records in
the pavement condition masterfile. These corrections are
made necessary because of errors in filling out the turn-
around document or key punch errors.

3. Name: Rigid Pavement Condition Correction File
Record length: 192
Volume: 1-500 records

File organization: Sequential

The rigid pavement condition corrections files are created by
key data entry from correction documents submitted by the
headquarters PMS staff. Records from this file are used to
create transactions which add, delete, or modify records in
the pavement condition masterfile., These corrections are
made necessary because of errors in filling out the

turnaround document or key punch errors.
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4. Name: Flexible Pavement Condition Transactions File
Record length: 152
Volume: 100-30,000 records

File organization: . Sequential

The flexible pavement condition transactions files consist of
ratings or corrections which have passed the edit program,
These records are used to add, delete, or modify data in the

pavement condition masterfile.

5. Name: Rigid Pavement Condition Transactions File
Record length: 225
Volume: 100-30,000 records

File organization: Sequential

The rigid pavement condition transactions files consist of
ratings or corrections which have passed the edit program.
These records are used to add, delete, or modify data in the

pavement condition masterfile.

6. Name: Flexible Pavement Condition Masterfile
Record length: 104-2080
Volume: 70,000 records

File organization: Sequential

The flexible pavement condition masterfile is a file of
variable length records. There are two different types of
records in the file. Type 1 records contain a base segment
which has information about the entire roadway being rated.
In addition, there are from 1 to 18 lane segments containing
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data which refers only to an individual lane. The number of
lane segments in the record depends on the number of lanes on
the road. Type 2 records have a base segment for identifica-
tion purposes and up to 15 comment segments. These segments

provide space for the raters more subjective comments about
things which are not covered by specific data. This file 1is
also used outside the Pavement Management System for histori-~
cal purposes so it contains data taken in all surveys. PMS
uses only one survey at a time (usually the latest) and a

selection process provides data from the desired survey.

7. Name: Rigid Pavement Condition Masterfile
Record length: 78-2154
Volume: 25,000 records

File organization: Sequential

The rigid pavement condition masterfile is a file of variable
length records. There is a base segment which contains
information about the entire roadway being rated. There are
from 1 to 18 lane segments containing data which refers only
to an individual lane. The number of lane segments in the
record depends on the number of lanes on the road., There are
also up to 15 comment segments which contain the raters more
subjective comments about things which are not covered by
specific data. Since this file is also used outside the
Pavement Management System for historical purposes it con-
tains the data taken in all surveys., The Pavement Management
System uses only one survey at a time (usually the latest)
and a selection process provides data from the desired

survey.
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8. Name: Pavement Condition Vehicle Factors File
Record length: 80
Volume: 30 records maximum

File organization: Sequential

The pavement condition vehicle factors files contain factors
which, when multiplied by the ride scores, yield results
which are compatible, even though different vehicles were
used to obtain the ride scores. This is necessary because
softer riding vehicles would produce higher ride scores than

those with harder suspensions even on the same pavement.

9., Name: Pavement Condition Legend File
Record length: 133
Volume: 250 records maximum

File organization: NA

The pavement condition legend files produce a legend which
appears on the front of the inventory report to make it more
understandable, Among other things it explains in english

the meaning of some of the results which are printed out in
numeric form.

10. Name: Pavement Condition Selection File
Record length: 80
Volume; 1-3 records

File organization: NA

The pavement condition selection file provides a method of
selecting only certain records from the masterfile for
reporting or producing a turnaround document, The selection
criteria is usually location (district, route, county, cost

center, etc.), or survey year,
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11, Name: Flexible Pavement Management System Masterfile
Record length: ©6B0-1870

Volume: 7,000 records

File organization: Sequential

The flexible PMS masterfile is a file of variable length
records. It contains records from the pavement condition
file which are from the desired survey. There is a base
segment which contains information applicable to the entire
roadway, and up to 1B lane segments containing information
pertaining to each individual lane only. Most of the data

from the pavement condition record are copied to the records
in this file.

12. Name: Rigid Pavement Management System Masterfile
Record length: 680-1870
Volume: 15,000 records

File organization: Sequential

The rigid PMS masterfile is a file of variable length
records, It contains records from the pavement condition
file which are from the desired survey. There is a base
segment which contains information applicable to the entire
roadway, and up to 18 lane segments containing information
pertaining to each individual lane only. !Nost but not all of

the data from the pavement condition record are copied to the
records in this file,
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13, Name: PMS Update Transactions File
Record length: 80

Volume: 1-500 records

File organization: Sequential

The PMS update transactions file contains corrections and
updates to the PMS masterfile. It is usually coded by the
headquarters PMS users. The major usage will be to change
project limits and to add district strategy data,

14, Name: Project Management and Control System (PMCS) Data
Base

Record length: Variable
Volume: 160,000 records

File organization: Indexed Sequential

The PMCS data base is an enormous file of data covering every
mile of highway 1n the state highway system, both existing
and proposed. The data base 1is 'online' meaning that 1t can
be accessed, for updating or reading, immediately via cathode
ray tube terminals, as well as by batch processing. Because
it 1s an indexed sequential file it can be accessed either
randomly (go directly to the desired record) or sequentially
(take the next record in order). A number of access routines
have been developed to enable users of the file to take

advantage of this flexibility.
Data on this file have been organized into several groups or

record types. Each record type contains data of a similar
nature (safety items, dimensional items, dates, etc.). There
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are 21 of these record types. Each pavement section contains
all 21 record types. Users of the data base can select only
those record types containing the data they want and ignore
the other record types.

15, Name: Project Management and Control System Subfile
Record length: 150
Volume: 14,000 records

File organization: VSAM

Because the PMCS data base is so large, a subfile has been
created which contains only certain desired information. At
present five different systems use data from this file which
is updated monthly from the PMCS data base. The file 1is
organized so that it can be accessed randomly (to the start
of a highway district, for example) and then read sequen-
tially. The Pavement Management System uses this file to

obtain road system data.

16, Name: TASAS Current Highway File

File organization: Sequential

The TASAS current highway file contains average daily traffic
(ADT) and road length information amoung other things. It 1is
our source for ADT figures and correct roadway lengths.
Roadway lengths are changeable due to realignment and to

renumbering which occurs at district or county boundaries.
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17. Name: TASAS Subfile
Record length: 50
Volume: 42,000 records
File organization: VSAM

The TASAS subfile is a file of ADT and road length
information derived from the TASAS file. Only certain data
has been selected and some of it has been reformatted to make
it more usable to PMS. The file is organized so that it can
be entered randomly at a desired point (the start of a
particular route within a given county within a given highway
district, for example) and then read sequentially from that
point on.

18, Name: Pavement Management System Trigger Values File
Record length: 30
volume: 50 Records maximum

File organization: NA

The PMS trigger value file (one each for flexible and rigid)
is actually a number of files which can be used at will.
This provides a method of changing problem trigger values
without changing a program. It allows 'standard' trigger
values to be updated and allows the user to play 'what if’
games to determine the effect of changes in problem trigger
values on his budget or on his mix of projects. The file
consists of mnemonic names and values which are associated
with those names. The file is copied into the program when a
job is run. When the name 1is encountered in the program the
associated value is used to make a comparison with the

appropriate problem,
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19. Name: Flexible Pavement Management System Kickout File
Record length: 730-2090
Volume: 7,000 records

File organization: Seguential

The flexible PMS kickout file is a file of variable length
records derived from the flexible PMS masterfile, There is a
roct segment containing information applicable to the entire
roadway and up to 18 lane segments containing information
concerning one particular lane only. Only those records from
the masterfile which contain pavement condition data
exceeding specific trigger values are copied to the kickout

file. Highway program, project cost, and repair strategy
information is alsoc added to the file,

20. Name: Rigid Pavement Management System Kickout File
Record length: 730-2090
volume: 10,000 records

File organization: Seguential

The rigid PMS kickout file is a file of variable length
records which is derived from the rigid PNS masterfile,
There is a root segment containing information applicable to
the entire roadway and up to 18 lane segments containing
information concerning one particular lane only. Only those
records from the masterfile which contain pavement condition
data exceeding specific trigger values are copied to the
kickout file. Highway program, project cost and repair

strategy information is also added to the file.
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21. Name: Pavement Management System Cost Factors File
Record Length: 20

Volume: 50 records

File organization: NA

The PMS cost factors file (one each for flexible and rigid)
1s actually a number of files which can be used to revise
cost estimates without altering a program. It allows
'standard' cost values to be updated and allows the user to
play 'what if' games to determine the effect of cost changes
on his budget or on his mix of highway programs. The file
consists of factor names and cost values which are associated
with those names, The file is copied into the program when
the job is run. When the name is encountered in the program

the associated value is used in computing costs,

22, Name: Pavement Management System Performance Life File
Record length: 20
Volume: 50 records

File organization: NA

The PMS performance life file (one each for flexible and
rigid) is also a group of files which can be used to change
performance life estimates without altering the program. The
performance life file consists of a strategy code and a
performance life value which 1s associated with that code.
The file is copied into the program when a job is run, and
when the code is encountered in the program the associated
value is used. Normally the 'standard' values on this file

would only be changed at infrequent intervals (2-5 years).
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23, Name: Pavement Management System Selection File
Record length: 80
Volume: 1-10 records

File organization: NA

The PMS selection file contains selection criteria which
enables the Pavement Management System users to obtain only
those pavement sections from the PMS kickout file which they
want at any given time or for any given purpose, There is
selection capability on virtually every field in the PMS

kickout record.

24, Name: Pavement Management System Strategy Description
File
Record length: 80
Volume: 50 records maximum

File organization: Sequential

The strategy description file (one each for flexible and
rigid) is a file of strategy codes and the descriptions that
correlate with them. It also contains problem descriptions
that go with each code. The sequence of the strategy codes
determines the dominance of the strategies. FEach strategy is
dominant to all other strategies below it in the file. By
placing this information on a file instead of coding it into
a program, changes are much easier to make. The file 1is
copied into the program when it is needed and when the codes
are encountered the assoclated problem description and stra-
tegy description are printed. The dominant strategy for the
road section is also determined from the file.
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VIII. Correlation of California Pavement Rating System
And AASHTO* Road Test Present Serviceability Index (PSI)

A single number rating system was developed at the AASHTQO Test
Road to measure pavement serviceability, A panel of raters was
first used to assess test road serviceability strictly on a
subjective basis and their averaged ratings were described as
Present Serviceability Ratings (PSR). The Present Serviceability
Index (PSI) was later developed to correlate certain physical
measurements to the subjective ratings. The PSI system is based
on pavement roughness (riding qualities), cracking, and patching,
while rutting is also considered for flexible pavements. The
roughness or ride quality factor dominates the PSI ratings
whereas cracking and patching influence PSI values to a lesser

extent. PSI ratings vary from 0 (impassable) to 5 (perfect).

Using an altogether different approach the California Department
of Transportation has completed four biennial condition surveys
on all flexible pavements in the state system since 1969. In
1976, California completed the first condition survey of rigid
pavements on its highway system. Biennial condition surveys for
both pavement types are continuing with the current condition
survey to be completed in the fall of 1978, (See Section I of
this report for a description of California's current Pavement

Condition Rating Systems.)

A primary reason for developing a correlation of the two systems
is the possibility that FHWA criteria for R-R-R (Resurfacing,
Restoration and Rehabilitation}) project warrants will involve use

of PSI ratings or 1ts proxy.

*Throughout this report the current acronym AASHTO is used In

lieu of the former acronym AASHO.
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Although a correlation between the California rating system and
PSI system has been developed there are major disadvantages to
the use of the single number PSI rating system.

0 The propagation of alligator cracks in wheelpath areas of
an AC pavement indicates lack of structural strength
needing immediate attention to support imposed traffic
loads. However, this condition may not necessarily be
reflected in poor ride quality measurements for some

undetermined period of time,

o Since the ride quality measurement dominates the PSI
value, such a roadway would not indicate the more
immediate need for rehabilitation 1f PSI values are used

to establish levels of acceptability.

o California's jointed PCC pavement develops lst, 2nd and
3rd stage slab breakup indicating structural deteriora-
tion. Acceptable ride quality can and does exist on such
a pavement. However, since ride quality dominates the
PSI value, such a pavement would not indicate the need

for rehabilitation,.

o] A single number rating system does not assist in
identification of proper repair strategies., A rating
system which considers ride quality information along
with both extent and severity measurements of each
pavement condition is considered superior to a single
number rating system such as PSI. A primary advantage 1s
that it permits retention of information which assists 1in

the selection of an appropriate rehabilitation strategy.

o) A single number rating system such as P51 does not
provide sufficient data to permit performance evaluation.
Information relative to severity and extent of each

pavement condition is essential to accurately assess
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performance and assist 1In the study of performance

trends.

A. Conversion System for Rigid Pavements

The PSI formula for PCC pavement as developed at the AASHTO Road

Test 1s given below;

PSI = 5.41 - 1.78 log (l1+ §V) - 0.09 /C+P

PSI = Present Serviceability Index

5V = mean slope variance

C = extent of cracking (lin. ft. per 1000 sg. ft.)
p = extent of patching (sq. ft. per 1000 sg. ft.)

PSI values range from 0 to 5, with a value of 0 indicating an
impassable condition. A PSI value of 2.5 or less indicates a
pavement eligible for rehabilitation for the level of service

expected on the Interstate Highway System.

The corresponding formula using data from California's pavement
rating system for PCC pavements to convert to equivalent PS5I

values 1s as follows:

| 1
E alent BSI = - 0.09 /0.36L+0.72M+1.445+10p
quivalen I = 01926 + 0.00458% /e

kS = Ride Score as determined from PCA Road Meter

I, = Extent of first stage™ cracking (% of slabs)

M = Extent of second stage®* cracking (% of slabs)
= Extent of third stage® cracking (% ot slabs)
= Extent of patching (% of area)

*Refer to Table 1 for a definition ¢of Ist, 2nd & 3rd stage

cracking.
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California's first rigid pavement rating inventory was made in
the 1975-76 Fiscal Year. Data obtained from this first survey
did not include an actual extent measurement of slab breakup.
The present rigid pavement condition inventory uses extent as

well as severity of pavement conditions.

In the PSI formula, ride quality has more influence on PSI

ratings than either cracking or patching.

The AASHTO Rcad Test Profilometer was used to measure slope
variance (pavement roughness) in the earlier days of the road
test. Later, a Burecau of Public Roads Roughometer was developed
for use to measure roughness, The CHLOE* Profilometer was
conceived and developed at still a later date, too late for use
at the test road. 1In more recent years, high speed ride quality
measuring eguipment such as the PCA Road Meter has been developed
and utilized with very good success by many public agencies.
California has been using PCA Road Meters to inventory ride
qualities on the State Highway System biennially since 1969.
Caltrans first attempt to correlate ride guality and PSI was done
in 1969. The correlation was determined on PCC pavements of
varying roughness and was based on ride qualities only (no deduc-
tions for cracking and patching). The California Transportation
LLaboratory established a correlation between California's first
pCA Road Meter and the slope variance as determined with the
CHLOF Profilometer. Slope variahce data was converted to
equivalent PSI values using the AASHTO Test Road formula.

The PSI values were then plotted against summation of roughness
counts per mile with the PCA Road Meter to provide a direct

correlation. 1In 1976 another correlation study for rigid pave-
ments was performed by the California Transportation Laboratory

when PCA Road Meter equipment was placed in a new vehicle (1975

*Developed by Carey, Huckins, Leathers and Other Engineers
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Plymouth Station Wagon). Figure VIII-1 shows the results of this
study and the results of a later correlation on flexible pave-
ments, For rigid pavements, a computerized, best fit equation

yields the expression,

1
0.1926 + 0.0045RS

PSI =

RS = Ride Score as measured by the PCA Road Meter

This term replaces the 5.41 - 1,78 log (1+SV) portion of

the PSI equation for PCC pavement. Filgure VIII-2 shows
correlation curves as adopted by several states for the purpose of
converting ride measurements to equivalent PSI, Brokaw developed
the PCA Road Meter and the results of his work are also shown for
comparison purposes. Overall correlation variance is undoubtedly

due to different suspension systems on the various vehicles used.

Pavement cracking does not have as much influence on PSI values

as does ride quality. Loss of structural integrity in pavements
would seem to warrant more of an impact on PSI ratings than it
does. Examples are given in Table 2 of specific cases to
illustrate this point, The examples clearly show cases where the
rate of structural deterioration is not reflected iIn ride
gualities in sufficient time to permit a relatively inexpensive
rehabilitation. Nevertheless, a means of converting data from the
California rating system to equivalent PSI values as determined by
the AASHTO formula has been developed. I1f no patching exists, the
PSI reduction due to pavement cracking is represented by the term
0.09¢r5—in the AASHTO equation. Four classes of cracking tn rigid
pavements were defined at the AASHTO Road Test, as follows:
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Class 1 - "Hairline" cracking not visible at 15 feet,

Class 2 - Cracking visible at 15 feet with spalling {(or slab
separation) less than 1/4 inch wide at the pavement

surface,
Class 3 - Cracking 1/4 inch or greater in width.
Class 4 - All sealed cracking,

By AASHTO definition, only Class 3 and 4 cracking are included 1in
the PSI formula.

The term C in the PSI equation is total lin. ft, of Class 3 and

Class 4 cracks per 1000 sq. ft. of pavement.

The California rating system does not include crack width
measurements or crack length measurements because this is
impractical for inventory purposes. It is reasoned that it 1is
necessary to work with average conditions of relatively long
segments. For example, one lane mile is over 63 times greater
than the standard 1000 sq. ft. section of pavement used at the

AASHTO Test Road.

To demonstrate the correlation between the two rating systems,
consider the condition of one full lane width crack l1/4" wide or
wider in each slab {5.38 slabs in 1000 square feet). For the
lane being rated the length of cracking is 12 x 5.38 or 64.5,
The PSI reduction in the AASHTO equation gives a value of

0.09 64.5 = 0.72.
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To convert from the California system to equivalent PSI deduction
assuming 99% second stage cracking, (0.09 /0.72M), we cbtain

0.09 0.72x = 0.76, to assist in relating the California
rating data to PSI values, Note that L = first, M = second, and
S = third stage cracking extent percentage.

Flgure VIII-3 shows a comparison of P51 deduction values for
tirst, second, and third stage cracking, calculated by the
California and AASHTO methods,

Figure VIII-4 shows a comparison of combined cracking PSI

deduction values using an AASHTO Road Test case history.

As shown by these figures, it was found that the expression
0.09 J0.36L+ 0.72M+1.445S (California Rating System) yields a
close approximatation to the AASHTO term of (.09 Jf"to determine

the deduction in PSI value attributable to pavement cracking.

If no pavement cracking exists, the PSI reduction due to patching
is expressed as 0.09 /P in the AASHTO formula. The value of P
represents square feet of patching for 1000 square feet of
pavement in the section being rated. It includes all patches

whether full lane width or not.

To convert from California's patch code ratings to equivalent PSI

deductions the following expression 1s used.

0.09 J1oP

P = percent area of patching in the section being rated.

For a detailed comparison, refer to Table 3.
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CALCULATION OF PSI DEDUCTION VALUES FOR

FIRST, SECOND AND THIRD STAGE CRACKING

USING CALIFORNIA AND AASHTO METHODS

83.3' X 12'=1000FT®

| 1ST STAGE CRACKING
| =5.38 SLABS
{ g ? 2/5=40%
| —1
CALIF. PSI
DEDUCTION L40240% 1ST STAGE CRACKING 0.09./0.36 X 40=0.34
AASHTO PSI ,
DEDUCTION  WNEARFT. CRACKING=24 0.09./24=0.44
l44 2ND STAGE CRACKING |
* [ z %a:s:eox
f I
CALIF, PST
DEDUCTION MEQ=60% 2ND STAGE CRACKING 0.09 0.72 X 80=0.59
322%%;&' LINEARFT. CRACKING =48’ 0.09./48=0.62

3RD STAGE CRACKING

|

% 5/5=100%

|
S

CALIF. PS!
DEDUCTION

AASHTO PSI
DEDUCTION

$599=100% 3RD STAGE CRACKING 0.09 /1.44 X 99=1.07

LINEAR FT. CRACKING=120" 0.09 /120=0.99

Figure VIII-3
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CALCULATION OF PSI DEDUCTION VALUES

FOR COMBINED CRACKING

USING CALIFORNIA AND AASHTO METHODS

{ L —IL | }
B B CRACKING INDEX, 9 FT. PER 1000 SQUARE FEET '
SERVICEABILITY INDEX 4.0 MAY 23. 1960
L S L L
- - "CRACKING INDEX. 42 FT, PER 1000 SQUARE FEET
SERVICEABILITY INDEX 3.2 JUNE 18, 1960
L S s s L L .
- - CRACKING INDEX, 62 FT. PER 1000 SQUARE FEET B
SERVICEABIITY INDEX 2.9 JULY 25, 1960
L S S L L
i} N VA - | I- - - -
CRACKING INDEX. 92 FT.PER 1000 SQUARE FEET
SERVICEABILITY INDEX 1.5 AUGUST 1, 1960
STATE OF LENGTH OF AASHTO PSI CALIF. CALIF. PSI
CONDITION CRACKS"C" KREDUCTION RATING REDUCTION
A 9 0.27 L25 0.27
B 42 0.58 L50+ 812 0.53 %
C 62 0.71 L38+ $38 0.74
D 92 0.86 L38 + S38 0.74

*
EXAMPLE: 0.09 /0.36L+0.72M+1.445= 0.09 /0.36X50+0.72x0+ 1.44X12= 0.53

Figure VIII-4
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B. Conversion System For Flexlible Pavements

The PSI formula developed at the AASHTO Test Road is as follows
for flexible pavements:

PSI = 5.03 - 1.91 log (1 +8Vy _ .01 /7P - 1.38 RB°

PS1 = Present Serviceability Index
5V = mean slope variance

C = cracking, ft</1000 ft?2

p = patching, ft</1000 ft?

RD = mean rut depth, inches

The corresponding formula using data from California's pavement
rating system for AC pavements to convert to equivalent PSI

values 1s as follows:

1 L

Equivalent PSI = 5—5553 7 5 64455 ~ 0-0! /5B+10B'+10P - 105 RD
PSI = Present Serviceability Index.
RS = Ride Score trom PCA Road Meter.
B = Percent of wheelpath length which exhibits alligator
cracking (Values 1 through 99).
B' = Same as above except use pavement length of block

cracking.
= Percent area of pavement patched (Values 1 through 99).
= Percent length of rutting (Values 1 through 99}.
RD = Rut depth code where 3/4" or greater ruts
are identified,

Table 4 shows the pertinent details of California'’s flexible

pavement condition rating system.
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Figure VIII-5 shows the correlation between ride scores and PSI
as developed by several states. It should be noted that Utah
uses the PCA Road Meter, while Wisconsin uses the Mays Meter
which 1s guite similar, Minnesota has utilized the PCA Road
Meter. 1Iowa also has used the PCA Road Meter, but for whatever
reason found AC pavements to be more difficult than PCC pavements

to correlate.

Balmer also found good correlation between roughness measurements
and PSI for rigid pavements, but did not find as good a correla-

tion for AC pavements,

Five points plotted on this family of curves, (Figure VIII-5)
indicate the results of slope variance data, considering

ride quality only, as it was measured by CHLOE equipment on
various flexible pavements in California. Ride score data was
obtained from our biennial condition survey from these same
locations within about the same time frame. These roughness
counts vs PSI values plot rather closely to the correlation

curves developed by Brokaw.

Three classifications of cracking in flexible pavements were

utilized at the AASHTO Test Road:

Class 1 cracks - single line cracks.

Class 2 cracks - cracks which have progressed to the stage
where cracks have connected together to form a

grid type pattern, regardless of crack width.

Class 3 c¢racks - cracking in which the bituminous surfacing

segments have become loose,

Only Class 2 and 3 cracking is included in the PSI formula for
flexible pavements, The extent of cracking is measured in square
feet per 1000 square feet of pavement surface. If alligator
cracking is the only problem, the maximum PSI reduction which 1is
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possible using the AASHTO formula is 0.31 when 100% of the
pavement area being rated has alligator cracking., Structural
condition of this type would appear to warrant much greater

consideration.

Table 5 shows examples as documented from specific projects to
illustrate this point. It is obviocus from these examples how use
of the PLI system can result in a "Do Nothing" policy when in
fact, some form of relatively minor structural repalr performed

on a timely basis can be most cost effective,

California AC pavement condition rating data for cracking and
patching can be converted to equivalent PSI deduction by use of

the following expression:

0.01 /C+p = 0.01 /58+10B' + 10P

Table 6 shows the detalls needed for conversion of crack
ratings from the California flexible pavement rating system

to the PSI system.

Table 7 provides the needed data to convert from California patch

ratings to equivalent PSI deductions.

Rut depth influence on PSI values in the AASHTO formula is
expressed as -1.38 ﬁﬁ% RD being the average rut depth

as measured in 1lnches.

The California rating system for flexible pavements includes only

locations of rut depth 3/4" or greater.
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Continuous 3/4 inch rutting in both wheelpaths results in a PSI
deduction of 1.38 (.75)2 or 0.78. Where rut depths of > 3/4
inch are encountered, the PSI deduction can be made based on %
length of rutting in the section being rated, but it is then
impossible to compute a PSI deduction less than 0.78 because

< 3/4 inch rut depths are not measured in the California rating

system,

Where rutting exists, 1t may occur In both wheelpaths, However,
100% continuous rutting only in the outside wheelpath can occur
due to lack of lateral (shoulder support) and this would result

in only a 0.19 reduction in PSI,
Table 8 shows the details needed to perform the conversion for

rutting. The conversion formula is given at the bottom of this

Table.
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Slab Breakup (Cracking)

Severity

First stage
cracking

Second stage
cracking

Third stage
cracking

Extent

1 throuah 99

Patching

Condition
G

F

Extent

1 through 99

TABLE 1

RIGID PAVEMENT DEFINITIONS*

Transverse, longitudinal or diagonal
cracks in a slab which divide the slab
into 2 or 3 large pieces. It consists of
minor distress cracks which are more than
2' apart or more than 2' from planned
joints and cracks.

Transverse, longitudinal or diagonal
cracks which develop within 2' of
planned or unplanned cracks or joints.

Interconnected cracks developing between
first stage or second stage cracks, and
joints or other cracks. Third stage
cracking, as opposed to first or second
stage cracking, divides the slab inteo at
least 3 pieces and usually 4 or more,

Percent of slabs in a lane segment that
exhihit each stage of distress cracking
described above {(Values 1 through 99).

Good condition, performing satisfactorily.

Fair condition, somewhat deteriorated and
affects ride quality to some extent,.

Poor condition, badly deteriorated and
affects ride quality significantly.

Percent area that is patched (Values
1 through 99).

*Paken from California's "Manual of Rating Instructions for
Pavement Condition Surveys”,
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TABLE 2

EXAMPLES OF PCC PAVEMENTS WITH EXCELLENT RIDE QUALITIES BUT HAVING
OBVIOQUS STRUCTURAL PROBLEMS

Example 1:

Date of Post Ride Structural
Rating District County Route Miles Lane Score PSI* Condition

1976 03 Sac, 99 19/20 R2 18 3.65 25%-1st Stage Cracks
25%-2nd Stage Cracks
25%-3rd Stage Cracks

*PSI shown is based on ride quality conversion only.
When cracking is also considered, the PSI is reduced
to 2.95 which is above the 2.50 critical value.

Example 2:

Date of Post Ride Structural
Rating District County Route Miles Lane Score PSI* Condition

1976 10 S.J. 99 34/35 R2 19 3.60 60%-1st Stage Cracks
30%-2nd Stage Cracks
10%-3rd Stage Cracks

*pSI based on ride score conversion only. When
cracking 1s also considered the PSI is reduced
to 2,9 which still does not indicate any rehab-
ilitation needs based on the PSI criterion,

-190-



Patching
££2/1000 ft2

TABLE 3

PATCHING IN PCC PAVEMENTS

CONVERSION OF CALIFORNIA PAVEMENT RATING DATA

PSI Deduct.

Using AASHTO
Formul a

20

100

150

170

250

*Conversion formula

1.42

Extent
Cali€f,)

ercent

02
10
15
17

25

Equivalent PSI Reduction = 0.09 /10P
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Alligator Cracking

Severity

Class A

Class B

Class C

Extent

1l through 9%

Block Cracking

Class B'

Extent

1 through 99

Patching

TABLE 4

FLEXIBLE PAVEMENT DEFINITIONS*

single or parallel longitudinal cracking in
wheelpath{s), regardless of crack width.

polygon connected alligator cracking in
wheelpath(s) regardless of crack width.

unusual alligator cracking (i.e. pavt.
surface widening which has subsequently
cracked) .

Percent of length of segment showing type of
alligator cracking described above

(50% = one continuous wheelpath for Class A
or B).

polygon connected cracking nearly full lane
width, regardless of crack width,

Percent of pavement length showing nearly full
lane width of block cracking.

Quality of Patching (Visual rating only)

G
F
P

Good
Fair
PoOY

nonon

Extent

1 through 99

Percent of pavement area having patches,.

*Taken from California's "Manual of Rating Instructions for
Pavement Condition Surveys".
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TABLE 5

EXAMPLES OF AC PAVEMENTS WITH EXCELLENT RIDE QUALITIES BUT HAVING

OBVIOUS STRUCTURAL PROBLEMS

Date of Post Ride
Rating District County Route Miles Lane Score PSI*

Structural
Condition

12/73 10 SJ 88 19.2/ RI1 20 3.35
20,6 3.00
1/76 3 Glenn 32 8.7/ RI 17 3.50
9.0 3.30
2/76 3 ED 50 22,8/ R2 13 3.75
25.9 - 3.50

Alligator Cracking
> 1/4" wide over >
45% of pavement
area,

Many patches and
pumping.

Alligator Cracking
1/4" wide over >
45% of pavement
area, No patching
recorded.

Alligator Cracking
1/4" wide over
more than 45% of
pavement area,
Patching recorded
in 4%-8% of area.

*Upper PSI value is based on Ride Quality conversion alone. Lower

PSI value also considers cracking and patching.

Since all PSI

values are well above the critical 2.50 level, none of these
projects would "qualify" for rehabilitation based on the PSI

criterion.
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TABLE 6

PSI CONVERSION
CRACKING IN AC PAVEMENTS

AASHTO Class 2 and Class 3 cracking includes all cracking which
has formed a grid pattern (alligator cracking) regardless of crack

width,.

Condition

PSI Reduction from
Calif.Rating Calif.Conversion

Class B cracks B10O 0.07
over 20% of

length of one

3' wheelpath.

Class B cracks B 25 0.11
over 50% of

one 3' wheel-

path.

Class B cracks B50 0.16

continuous in
3' outer wheel-
path only. No
cracks in inner
wheelpath.

Class B'

cracks Block 50 0.22

over 50% of

length.

California Conversion

Equivalent PSI reduction = 0.01 ,/5B+10B"

Calif, rating code for extent of
wheelpath alligator cracking,.

Calif. rating code for extent of
full lane width cracking (block
cracking).

AASHTO System

AASHTO PSI reduction = 0,01 ,/C

C*

sq. ft, of cracking per 1000 sq. ft.
of pavement, -
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TABLE 7

PSI CONVERSION
PATCHING IN AC PAVEMENTS

Area of Calif, PSI Reduction
Patching, sq.ft. Rating from'Calif,
per/1000 sqg.ft, Patching Conversion
of Pavement Extent System
10 01 0.03

100 10 0.10

300 30 0.17

900 90 0.30

California Conversion

Equivalent PSI reduction = 0.01 /10P

P = Calif. rating code for patching
extent .

AASHTO System

AASHTO PSI reduction = 0,01 /P

P = Patching extent in sq. ft,
per 1000 sg. ft. pavement ,
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Condition

3/4" Rutting
in 20% outer
wheelpath
length.

in inner
wheelpath.

None

3/4" Rutting
in 30% outer
wheelpath
length.

in 1inner
wheelpath .

None

3/4" Rutting
in 100% outer
wheelpath
length.

in inner
wheelpath ,

None

3/4" Rutting
continuous 1in
outer wheel-
path plus 50%
of inner
wheelpath .

Continuous
3/4" ruts in
both wheel-
paths,

TABLE 8

PSI CONVERSION
RUTTING IN AC PAVEMENTS

Calif. Mean PST Reduction PSI Reduction
Rating Rut Depth Calif,Conversion AASHTO Form
R10 0.07" 0.01 0.01

R15 0.11" 0.02 0.02

RS0 g.372" 0.19 0.19

R75 0.56" 0.42 0.43

R99 0,75" 0.74 0.78
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TABLE 8 (Continued)

California Conversion

Equivalent PSI reduction = T%U RD

RD

Mean rut depth in section being

rated.

L = factor for percent ¢f wheelpath
length where 3/4" rutting has

occurred.

{one continuous wheelpath = 50% of length
or L = 50}

AASHTO System

AASHTO PSI reduction = 1,38 RD2
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