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DISCLAIMER

The <contents of this report refiect the views of the authors who are
responsible fTor the tacts and the accuracy of the data presented herein. The
contents do not necessarily reflect the offlcial views or policies of the
Oregon Department of Transportation or the Federal Highway Administration.
This report does not constitute a standard, speclficatlion or regulation.
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ABSTRACT

This 18 the Tirst in & serles of reports documenting progress on a
statewide pavement management research project. The overall oproject 1Is
conducting research into pavement |ife cycles of different rehabllitation
treatments; the cost—effectiveness of each treatment; and, the use of
objective pavement condition data such as roughness, skld resistance,
deflection, percent c¢racks, percent patches, and rut depth in a statewide

pavement management system.

This report describes the project history and previous work conducted to
date, as well as the scope of work of the present project. A brief discussion

of titerature review results Is provided.

The major emphasis of this report is a description of the pavement
deflection data collection program — a statewlde effort which monitors more
than 1000 test sites once every two years. Data collected for the correlation
ot Benkelman beam deflection to Dynaflact deflectlion 1is analyzed and an
equation relating the two Is proposed for use iIn Oregon. Data collected for
developing a Dynaflect deflectlon temperature correction factor (normallzed to

70 degrees Fahrenhelt) is described.
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1. INTRODUCTION

In the late 19?0'8, Inflating constructlion costs and declining hlghway
gas tax revenues comblined to greatly reduce the amount of money avallable for
highway malntenance and construction. It was 1In the face of this severe
funding shortage that the idea for a pavement management system was tTlrst
concelved. Although recent increases In the Oregon gas tax and a decllne In
the inflation rate have moderated this problem somewhat, continued demand for
quality transportation facliities requires that transportation agencies make
optimum wuse of every avallable dollar. Slnce many alternate strategies can be
employed to provide a serviceable roadway, it Is Important that s highway
agency has the ability to differentiate between these strategies and to select
the most cost—eftsctive method.of providing a high quality roadway over the

entire life cyle.

Historically, the treatments used to maintain highways have been based on
the Judgment of the responsible englineer. While the quallty of the Oregon
highway system Indicates that these judgments have been sound, there has been
no method to determine it the given treatment provided optimum beneftit, or It
treatment of another sectlon would be relatively more beneficlal. The
collection of necessary research data on pavement condition, treatment

cost—effectiveness, and llfe c¢cycle costs, and the Integration ot this data

Iinto a pavement management system would provide the method for making these

determlinatlons in the future,.

The present research project was Initlated In response to the need for a
statewide pavement management system. This report is the first of several
Interim reports which will be published to document the progress of this

research.
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2. PROJECT HISTORY AND PREVIOUS WORK

The elements of a pavement condltlon rating system were first started in
1969, when pavements were evaluated by recording the amount of crackling,
pateching, rutting, vraveling, and abrasion present in each hlghway section.
These surveys were conducted once every two years. Starting In 1976, the
collection of cracking, patching and rutting data was discontinued In favor of
& system which ranked pavement gsectlions Into one of five posssible categorles
ranging from "very good" to "very poor."” These blennial surveys have continued
untli the present, and the results have been Included In the Statg Highway

System Preservation Report,

A proposal for the research and development of a statewide pavement
management system was tirst presented in 1976. The proposal was approved and
Included in the annual highway research work program in 1977, and the first
full year of funding occurred Iin 1978. |n August, 1979, an automated Dynaflect
deflection testing system was purchased and placed in operation. A system of

T e D
pavement deflection monitoring sltes was setected from sample sltes selected
for the ng;way Performance Monitoring System (HPMS), ODuring 1980, over 400
sltes were tested, and an additional 500 sites were tested in 1981. Since that
time, these woriginal sites have been tested once every two vyears and

additional sltes have been added. At the end of CY 1984, there were over

56,000 individual detflectlion tests available for analysis.

In August, 1981, the State Highway Engineer appointed a Pavement
Management Task Force to evaluate all actlvities within the Highway Division
that might <contribute Iin seome way to pavement management. One Task Force

assignment was to determine If data that was being gathered for other purposes
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¢ould be used In pavement management. Other charges to the group were to: (1)
determine the type and detall of data that should be collected; (2) recommend
an organizational stfﬁcture for a pavement management system for Oregon; (3)
determine the appropriate funding level; and (4) advise how the system should

be utillzed.

I't was at this time that the responsibilities of the Pavement Management
Research Study were dlvided between the Highway Divislion Research Section and
the Planning Section. The Planning Section was charged with the development,
testing, and Implementation of a prototype pavement manasgement system. It
would wutillze computerized pavement conditlon data as well as other highway
statistical data to produce a computer generated prioritization of préspectlve
surtace preservation projects. The Research Section was charged with

conducting further research Into the use of non—destructive testing data and

other pavement conditlon data to predict remalning useful pavement |ife, and
to determine the most cost—effective methods of surface preservation
throughout the pavement |ife~cycle.

In 1982, the Planning Section developed and implemented a computerized
pavement conaitlon prioritization Index based on the District Maintenance
Supervisor's ratings, surface roughness, skid resistance, traffic votlume, and
safety rating. This system may be the prototype for {he final pavemeﬁt

management system.

At the same time the Planning Section was working on the pavement
management system, the Research Section was collecting and processing
non—destructive test data, including deflections, surface roughness, and skid

regsistance.

A program was implemented in July, 1983 to track malntenance costs on
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three highway segments In sach of the 82 maintenance sections in the state so
that malintenance costs could be correlated with pavement condltion. The
segments were selectea by the Research Section from recommendations provided
by the District Maintenance Supervisors. The cost tracking is Incorporated
Into the Malntenance Management System to make the record keeping and
information retrieval relatively easy. New defTlectlon test sites werse
establlshed on a number of these segments and pavement condlition data is

currently being collected on these sites.

In June, 1984, the research project was expanded to include a study of
the effectiveness of various surface preservation treatments that would be

constructed wunder the State Speclial Surface Preservation funding program. New

pavement test sites were established and monltored before and after
construction was performed, and monitoring will continue until the end of the
treatment [i1fe Is reached.

8. RESEARCH PROJECT SCOPE OF WORK
The Inittal scope of work had two major objectives. These were:

1. To develop a pavement management system which will monltor pavement

condition and aid In programming the most cost—effective pavement
rehabilltation treatments.

2., To determine the typical wuseful life c¢ycle of varlous pavement
designs, the rate of deterloration of pavement rideabli|lty and strength, and
the critical point In pavement |life when rehabilltation or reconstructlon |Is

needed to preserve the Initial pavement investment.

Because the responsibillty for the development of the pavement management

system was transferred to the Pavement Management Task Force, utlllizing the
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gtafft resources of the Highway Dlivision Planning Sectlion, the research project

scope of work was revised to retlect thls change.

The overall study design was developed to utilize exlsting and ongolng
pavement condltion surveys as a basls for a preliminary pavement management
gystem. Thls aystem would then be used for prioritizing pavement treatment
while the study was collecting new objective pavement rating and cost
effectiveness dasta for use In an expanded and significantly more detalled

long—term pavement management system. The major components of the present work

plan are:
1. Review of published |lterature for reports useful to the refinement of

the pavement management system by utillzing objective measurement data such as

deflection, roughness, cracking, patching, and rut depth.

2. To «continue the measurement of pavement deflections on the statewlde

system ot pavement monitoring sites wuntil adequate |ife—cycle data |Is
availlable to develop pavement treatment deterioratlion rates and lite—cycle
models,

3. To organize the existing and ongoing collection of pavement condition
data (deflections, roughness, skid resistance, cracking, patching, rutting,
etc.) into an integrated computerized file system so that it can be analyzed

statistically.

4. To correlate pavement condition parameters such as surtface roughness,
skild resistance, and deflection with other pavement dlstress parameters such
as percent «cracking, rut depth, pavement 8ge, or equivalent axle loads; and,
to determine which relationships, It any, can be used to predict future

pavement pertformance, and the need for future maintanahce.
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5. To opredict the rate of deterioration of Oregon pavements so that
pavement sectlions c¢an be programmed for rehabilitatlion before more extensive

deterioration occurs.

6. To determine the comparative cost—effectiveness of various pavement
treatment strategies so that an optimal program of pavement maintenance and

rehabitltation can be developed for each pavement section.

7. To dlsseminate pavement life—cycle and cost—eftectiveness Information
to the highway administration and to the responsible highway engineers, so

that optimal methods of treatment can be selected.

8. To determine the feasibility of using a statewlde system of pavement
condltion monitoring sites to characterize the condition of pavements

throughout the state.

9. To Improve the exlsting pavement management system so that It combines
the research findings, the knowledge and experience of the responsible
engineers, and the objectives of the Highwsy Division Administration Into a
tool that c¢an be used for programming and altlocation of avallable funds for

rehabliltation and malntenance.

At the present time, It I8 expected that this research project will
continue until at least 1990, at which time between 5 and 10 years of pavement
condition data will have been collected on most pavement test sltes. It is
anticipated that thls will be an adequate amount of time to characterize the
life—cycle performance of most of the surface treatment types under study. For

a complete description of the current project work plan, see Reference 1.
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4. PROGRESS TO DATE
4.1 Literature HOV._IGW

The inltial review of avallable |lterature revealed a wealth of
Intormatlion regarding the development of a pavement management system, and the
use of objective pavement monitoring data In such a system (see Reterences 2 —

11.)

Of the states that have implemented a pavement management system, most
have systems that are based on the use of visual condltlon survey data and
subjective opinlons about rehabilltation needs. In some states, rosad roughness
18 used to supplement the ranking developed by visual condltlion surveys. A Tew
states have also attempted to' use statewide deflection monitoring data in
thelr pavement management system, but have abandoned such attempts due to the

level of etfort requlred and the accompanylng high cost Involved.

Ridesbility 1is considered to be the most cost effectlive and useful type
of objective measurement data. Deflection measurements are considered to be
useful, but as yet, are not incorporated Into an overall system—wlde Inventory
of pavement :rehabllltatlon needs, It 18 the consensus of opinion that
deflection measurements provide the most cogé—effective means of determining
pavement strength, and many states use deflection dalé for pavement and

overlay design.

The most popular method of deflection measurement has been the Dynaflect
traitler. This device simultaneously measures pavement deflectlon at several
locations within the deflectlion basin, through the apptication of Ia
8lnusoidally varylng 1load to the pavement surface, and detecting pavement

deflection at the point of loading and at one—foot Intervals away from the
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toad. Some states own several units and use them for pavement design and
performance testing. For many, the Dynaflect has replaced the use of the
Benkelman beam for deflectlion measurements, since It produces more consistent
and precise results. Some states Indicate that the Dynatlect I8 cheaper and
faster to operate than the Benkeiman beam: however, this opinion is not shared
universally. The Dynaflect Is the method most frequently mentioned In studles

performed In other countries.

The falling weight defliectometer, a relatively new device in the
defTlection moasurement tleld, Is raplidly gaining In popularity, This device
mnasures deflectlons at several locations within the deflection basin, but it
has the added advantage of being able to measure the deflectlons fo; several
different load levels, including levels that approach those of a standard 18
kip equivalent axle Jload. Several surveys of deflection measuring devices
ldentlfy the falling welght deflectometer as producing pavement deflectlions
most nearly equal to those produced by moving loads. Because |t does not
preload the pavement structure before testing, as does the Dynaflect, It
produces more accurate estimates of base and subgrade elastic moduli. Because
the wunit can test pavements at several different load levels, It can be used
to estimate base and subgrade modull directly, greatly facilitating the use of

mechanistlc pavement models for pavement deslign. .

The above llterature review summary Is only preliminary and briet In
nature. Additional Ilterature review will be conducted during the remainder ot
this study and the results will be reported in subsequent reports.

4.2 Development of the Interim Pavement Management System.

A visual surtace condition rating was initiated for Oregon pavements In

1869 that rated the surface condlition by recording cracks, patches, rutting,
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raveling and abrasion. Another mare general rating has been made by the
district maintenance supervisors for highway sections under their jurisdiction
In 1976, 1978, 1980, 1982 and 1984, This Slate Highway Preservation Study
rating evaluates pavement with a five point rating from "very good " to "very
poor™. The rating is based primarily on appearance, but may be Infiuenced by
the supervisor's knowledge of the maintenance history of the sectlion.
Photography and monitoring by headquarter's personnel are utlillzed to maintain

a level of unitformity between districts.

In  August, 1981, the State Highway Engineer appointed a Pavement
Management Task Force to evaluate all activities within the Highway Division
that might contribute In some way to pavement management. Daia being
considered for Inclusion In the study were ride quallty, traftfic volumes,
equivalent axle load history, Benkelman Beam and Dynaflect deflectlions,
accident statlistics and roadway skid number. Maintenance activities and costs

were also consldered on a sectlon wide baslis.

The Task Force‘ is studying short—term management systems that can be
implemented with existing data. It is aliso considering the long—term need to
develop =& system that can optimize the type and timing of malntenance and
rehabilitation strategles. This study |Is expected to contribute most
signiflcantliy to the long—term system but It will also provide valuable
information to the short—term system by furnishing Information on deflections,
spreadability, base ocurvature index, surface curvature index, ride scores,
skid numbers and an estimate of overlay thickness needs on projects being
consldered for rehabilitation. AIl of the Information developed as part of
this study s available to help decision makers prioritlze project sections

already identiflied as being In need of rehabilitation.
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Under the direction of the Task Force, the Planning Sectlon has
implemented a pavement management system. The objectives of the system are to
lncorporate preservatlbn needs, highway user safety, and driver convenlence
inte an objective rating. The rating thus far developed I8 called the Pavement
Management System Index (PMS Index). For the index to adequately represent
administrative opriorities, preservation need (as indicated by the surface
condltion rating) Is welghted 60 percent, highway user gafety (as Indicated by
skid number) |s weighted 20 percent, and driver convenience (as indicated by
road roughness) Is weighted 20 percent. Once the baslc Index Isg developed, It
Is adjusted based on & relatlve traffic coefficlent (equivalent axle load
level) and a traffic safety Index (develop;d from accident records). The PMS

Index I8 developed using the computer program PVMGIX. A more complete

description of the PMS Index and PVMGIX Is contained In Reference 12.

The present pavement management system c¢an be used to aid In declsion
making on surface preservation projects. The system will be refined and
improved based on the results of this research gtudy. The Task Force will
continue to review progress, provide recommendations, and assist with

fmplementation,
4.3 Data Collection

4.3.1 Description of the Statewide Pavement Deflection Monitoring

Ne twork

The use ot pavement deflection data as Input to a statewide pavemsnt
management system requires that the detflection measurement sites be
representative of the deflections over the total system. Because it would be
too expensive and too time consuming to conduct deflection testing over the

entire highway system, this study was designed to use a subset of highway test
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gectlions to represent the system. The data from this smaller monitoring

network will be extrapotated to the entlre highway system through similarity
of pavement structure, number of equivalent wheel loads, and geographiec
location,

A random sampling of the highway system was selected as the best way to
assure that deflection =sites were representative of the system. Since s
network of random sample highway monitoring sites had siready been establIshed
In Oregon for the FHWA Highway Performance Monitoring System (HPMS), these

sttes were evaluated for use as pavement deflection test sltes.

The Field Implementation Manual for the HPMS requlred that the highway
system be divided Into homogeneous segments, and that the sample be taken from
these segments. The segments ;ere to be establlished conslidering tratfic
volumes, functional <c¢lassiflications, governmental boundaries (stratified by
rural, wurban, and small urban areas), and geometrics (cross—section, widths
and allgnment). 1t also required that al} (100%) of the Interstate freeway
segments be Includedlln the samplel In Oregon, these criteria resulted In 214

«

interstate hlghway segments and over 1,737 non—Interstate segments.

The Inttial deflectlon monitoring network was established by assigning a
number to each HPMS highway segment and then using a random number program to
select more than 900 segments. The actual deflection monitoring sites were
located at the same point as the HPMS monitoring site for each segment, Since
the HPMS gsite selection criteria specify that only the first mlle on rural and
small wurban segments, and the first one—tenth mile on urban segments be
considered, the deflection sample sites were sometimes constrained by these

criterla.

The sample sltes established by this site selection process were analyzed
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to determine |If they would reasonably represent the typlcal pavement
deflection characteristics of Oregon's highway system. The following items
were checked to see if an adequate number ot sltes were selected In each

category,

(1) surtace type (AC, PCC and ol!l mats)
(2) age ot the latest surface treatment
(3) area (rural, urban or small urban)

{(4) region

The length of the HPMS segments selected for detlectlion monitoring
represents about 23% of the total non—interstate HPMS highway segment length.
Based on the characterlstlics of the segments selected, It appears the sample
will adequately represent the overall deflection pattern of Oregon's

Interstate and non—~interstate highway system (see Table 1.)

In August, 1979 an automated Dynaflect deflection testing system was
purchased and placed i.n operation. In 1980, over 400 sites were tested, and an
additional 500 sites were tested In 1981. These sites represent about 10% of
the highway  system. Most of these 900 sites have been retested at two—-yesr
Intervals as part of a prograﬁ to monlitor the rate of deterloration of the
hlighway segments by measuring the change In deflection oveE_tIme. At the end

of CY 1984, there were over 56,000 Individual detflectlion tests avaliable for

anatysis. Figure 1 shows the distribution of these sites throughout Oregon.
4.3.2 Description of the Seasonal Deflection Monltoring Sites

Because the strength of a pavement varies by season, It is necessary to
monitor pavement defiections at different times of the year In order to

accurately determine pavement condition. WIith an o&erall sample network ot
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over 900 sltes, [t was not posslble to monitor all sltes during each season.
Therefore, 17 slites out of the statewide detlection monitoring network were
selected for the purpose of monttoring seasonsl varlatlions In deflectlon. The
date Trom these sites will be used to caorrect (normallze) the detflection test
data from the remalnder of the sampling network. Once corrected, the data can
be wused In studies of pavement deterioration rates and In correlation of

deflection data with visual surface conditlan survey ratings.

Each of the seasonal sites Ile within one of nine distinct ¢limatological
subareas within the state (coast, Wiltamette Valley, southwestern valleys,
high plateau, north central, south central, northeast, and southeast).
Seasonal «correctlon factors derived from the seasonal sltes will b; used to
adjust deflection data only from sites within the same climatological subarea.
A summary of the seasonal sample site locations Is shown In Figure 2. These

8ltes have been tested once each month since May, 1980,

In preparation for development of seasonal adjustiment factors, the U, S,
Weather Bureau reporting station nearest to each site Is selected and the
ten—day average of precipitation and temperature data coltected prior to the

test Is enteréd In the dats base for each test.
4.3.3 Description of Malntenance Cost Tracking Sites

One goal of this study Is to determine the cost—effectiveness of routine
maintenance In pavement preservation and oversl!l |ife cycle costs ot different
pavement rehabilitation strategies. In an effort to obtaln further Intformation
on this subject, & maintenance c¢ost tracking system has been established
within the Maintenance Section of the Highway Division. Three segments In each
of the 82 maintenance sections were selected to track maintenance costs. These

segments cover the major geographic zones, traffic volumes, pavement types,
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functional classifications and tevels of importance represented by Oregon

highways.

This system will be used to record maintenance activity on the selected
segments. In order to determine the c¢ost effectiveness of maintenance
actlvities on pavement strength, deflection monitoring sites will be located
In at least one of the three c¢ost tracking segments located In each
maintenance section. RlIde data will also be gathered for these test sectlons

to determine the effect of maintenance on rideabl||ty.

The malntenance c¢ost tracking study begsn In July, 1983, and currently,
34 test sites are being monitored. Because only one year of data is available,

data analysis has not yet begun. The Dynaflect test sites associated with

malntenance cost tracking segments are shown in Figure 3.
4.3.4 Description of Special Surtface Preservation Cost—Tracking Site S

In order to determine the eftectiveness of speclal surface preservation
treatments, relative; to other methods of surface preservation such as new
construction or routine maintenance, pavement treatment |ifte cycle and cost
information ﬁust be collected.. This task will be completed through the
dnalysis of the statewide deflection monitoring network data, and through the
long term tracking of special surtace preservation projects of various types
located throughout the State. These surface preservation projects Include a
broad range of pavement treatments, Including olling, chipsesls (including
Styrelt (TM) — & polymer modified asphalt), olimats, thin overlays, and
structural overlays (inciuding "B", moditied "B", "C", and "E" type mixes). In
additton, several experimental features projects involving the wuse of

Armorshield (TM), PlusRide (TM), and Fiber Pave (TM) in the asphalt concrete

are being monitored,
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Additlonat deflection monitoring =sites were selected in an attempt to
measure pavement deflections before and after the various treatments had been
¢ompleted. Because this study was initlated In June, 1984, many treatments had
been completed betfore deflectlon measurements were made. Figure 4 shows the
gltes which were measured In 1984. Additlional slites will be added In the
spring of 1985 as new projects are programmed. Dynaflect and ridescore data
will be collected on a representative sample of these various pavement
treatments, and the results correlated with visual surface conditlion ratings
over the pavement [Ife. This study will continue over the useful Ilfe of the

various pavement test sections,
4.3.5 Deflection Testing Procedure and Test Spacing

A review of the literature pertaining to the use of deflectlion tests in
pavement evaluation did not reveal a consensus as to the proper testing
pattern. Oregon's Surfacing Deslgn Group wuses a Benkeiman beam to test
pavement deflections, Tests are .conducted at 50—-foot Intervals within &
1,000-foot teet sectlon, once every half mile in the project section. This
testing pattern is used for all projects fTor which overlay designs are to be

done. This was the same pattern used by Cattrans at the start of thls project.

Traffic safety and traffic control is an important factd} In selecting an
optimum test pattern. The placing of necessary traffic control devices
consumes more time than the testing. On two—fane roads it takes approximately
30 minutes to deploy and pick up signs. The testing takes 15 to 30 minutes,
depending on the number of tests taken. Sign spacing and safety requirements
on two—lane highways IImit the length of a test section to 1,500 feet, with a
shorter length being even more desirable. The longer the test section, the

greater the distance from the signing to the operation and flagger.
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Toe determine the optimum test pattern two sections were extenslively
tested. The Tirst testﬂsectlon lg 8 12.5 mile sectlon of Interstate 5 freeway
traversing a very uniform, level sectlion of the Willamette Valley. Most of the
section |Is constructed on a low fill (O — 5 ft), with one major fill for a
rallroad overcrossing. The section was constructed in 1960 and 1961, and had &8
7 Inch overlay In 1972. At the time of testing, the pavement was in good
condlition with no vislible cracking. The gsscond test section Is a 1,000 ftt
section of Oregon Highway No. 30 (OR Route 22) In west Salem (this section had

higher deflections and more vartabllity than the freeway sectlion).

A total of 716 Individual tests were taken on the -5 test section. A
three-mile section was analyzed, with tests taken every 50 feet to determine
8n optimum pattern. This pattern was then tested on the entire 12.5 miles,

using the data availlable,

The mean deflection for the 328 tests taken on the three mile gsection Is
0.65 mils with a standard deviation of 0.09 mils. The mean of the 66 tests
from 500 toot sections every half mile Is 0.62 mils with a gstandard deviation
of 0.06 mils. The mean of the 33 tests from 500 foot sections every mlle is

0.65 mils, with a standard deviation of 0.05 mils.

To check the reliability of using one 500—foot sectlon;her mile, one 500
foot section was Isolated in each mile for the 12.5 mile length of the
project. This was done for both southbound and northbound lanes. In the
southbound lanes the mean value of 492 deflection tests, Is 0.64 mils. The
mean value of the tests from twelve 500 foot sections In the southbound lanes
Is 0.65 mils. In the northbound lanes the mean value of 244 deflectlion tests

is 0.71 mils, with the mean value of the deflections in twelve 500 foot

gections being 0.71 mils.
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This data demonstrates that one set of deflection tests per mile can
rellably represent th§ mean pavement deflection In uniform terraln. This Is
based on each set of tests covering 500 feet, with tests at a 50 foot spacting.
This pattern results in teasts covering approximately 10 percent of the

gection.

A total of 21 tests were taken on Oregon Highway No. 30 In a 1,000—foot
test section (50 foot spacing). This sectlon had higher deflections and more
variablility than the other sections. As might be expected, the average of the

deflection values changed more as the number of tests considered decreased.

Baged on the above results, the testing pattern chosen was 11 te;ts at 50
foot Intervals (a total of 500 feet) for each test site. It was also declded
to perform the tests on the outside lane in each directlion for each test
segment, since the outside Jand usually shows signs of distreas before the
inside lane.

'

Inittally, it Qas concluded that the test pattern and spacing would be
adequate to characterize a one-mile long sectlon of pavement. This conclusion
was the basis for the assumption that the present deflection monitoring
network could wultimately be wused to characterize the entire state highway
system. Because an Interstate freeway sectlon was the principle test section,
and Dbecause only a limited amount of analysls was performed on non—lnterstate
highways, this assumption may not be wvalid for the entire state system.
Further analysis will be performed on the original test data to determine the
degree to which the pavement test sections actually characterlze non—freeway

pavement gsections.
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4.3.6 Collection of Surface Condition Information

During Dynaflect testing, surface condition information on the test
section is observed and recorded by Research Section personnel. Cracking and
patching are recorded as a percentage of the test section and the rut depth is

recorded In hundredths of a foot.

Methods for determining the values for cracking, patching and rut depths

follows

Cracking

Cracking 1Is defined as single longitudinal or transverse cracks or as
interconnected or Interlaced cracks forming a series of polygons (sometimes
called "map cracklng"). Extensive c¢racking s generally a slgn of severe
distress. It wusually indicates unstable base, weakened pavement, or dry and

brittle pavement.

To keep the sampling technique as simple as practical, transverse
cracking, longitudinal c¢racking, snd edge cracking are combinad, by assuming
the distressed area on each side of each crack Is slx Inches wide. The amount
of cracked ares 1is determined by multiplylng the crack length by 8 width of
ene foot. The percent of cracking is determined by dividing the cracked area

by the total area In the test section.
Patching

An estimate |Is made of the area patched. This is divided by the total
surface area in the 500 foot sample to determine the percent ares patched. The
combination of percent cracking and percent patching cannot exceed 100

percent. If a patched area is cracked, the percentagé of the area cracked Is
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deducted from the area patched.

The tact that a portlion of road is patched indicates that some form of
surface distress or distortion has occurred. Only areas recognizable as
patched are considered In the percent area patched. IT the patch is old enough
to have lost Its Identity It Is considered the same as orlginal surtface and

surveyed for cracking and wheel rutting.
Rut Depth

The rating for rut depth is the average depth of the wheel ruts in the
lane being tested. The depth Is measured to the hundredth of a foot with a

flve—foot straight edgse.
4.3.7 Determination of Surface and Base Depth and Type

Base and surfacing depth—and—type Information was collected from existing
department records for use In the correlation of pavement conditions wlth
deflection data. in.a few instances, core samples were taken In the fleld to
supplement or verify pavement design data for wuse In the development of
temperature  corrections. All test sites have the best known pavement
depth—and—type data available étored In the data base. Approximately 40
percent of the deflectlon data collected to date has the pgvement depth and

type information included In the data base record.
4.4 Data Analysis
4.4.1 Correlation of Benkelman Beam and Dynaflect Test Results

The Oregon Department of Transportatlion currently uses Benkelman Beam
deflectlon measurements In its pavement deslign procedures. In order to make

the Dynaflect readings more meaningful to pavement deslgn personnel and to
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provide =& relationship between the two measuring techniques, 8 correlation of
the two Instruments was accompl!ished In 1979. The work was reviewed In 1984
and extended to cover the full range of Dynaflect resdings (0.0 to 5.00 milsg.)

experienced Iin the field.

In 1979, 16 test sections were selected and concurrent Dynaflect and
Benkelman Beam tests were taken. Standard equipment setups and testing
procedures were wused. From this data, a total of 245 tests were selected for
regression analysis. Before the data was analyzed, |t was normallzed to a
standard temperature of 70 degrees Fahrenhelt. A |inear regression of this

data gave the tirst equatlon shown in Table 2.

This linear relationship was considered adequate over the range of the
data collected (0 - 2.25 mils.), since the gslope of the line compares
favorably with other similar work (see References 13, 14, and 15) being In the

range 18 to 28.

A review of wearlier deflection measurements showed some of the data
collected was outside the effective range of the 1979 equation, Six new sites
were selected and duplicate Dynaflect and Benkelman Beam tests were taken at
128 locations, A linear regression of this new data gave the second equatlion

shown in Table 2.

The range of this dsta Is higher (1.15 — 4.62 mils.) and the slope Is

substantiaily different than that obtained in the original work.

A nontinear analysis of the combined data was performed (including 20
tests from the 1979 data which were not included in the original analysls),

giving the third equation shown In Table 2.

After the orlglnal regression analyses were performed, and because the
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Benkeiman beam and Dynafiect deflections were measured on the same day and
under similar temperature conditions, a regression analysis of the raw data,
uncorrected for tempg}ature, was performed. The results of this analysis are
also shown in Table 2. As can be seen, for each of the linear and non—Iinear
equations, the corretatlon coefficient and accompanying R2 values is better
(larger) for the raw data than for the corrected data. Since the non—Ilnear
equation for the raw data has the best overall fit to the data, It is
recommended as the equation which should be used to convert Oregon Dynatlect

deflections to equivalent Benkelman besm deflections.

The data and the line of best flt to the above equations are plotted iIn

Flgures 5, 6, 7, and 8.
4.4.2 Development of Interim Temperature Correction Formula

Because the moduius of elasticlty of agsphaltic concrete i3 temperature
dependent, deflection measurements need to be corrected for the In—=situ
pavement temperature It they are to be compared to design criteria or other
measurements made at different temperatures., Oregon chose to correct to a mean
temperature of 70 degrees Fahrenheit to conform with several other states.
However, because pavement materials and construction techniques vary from
gstate—to—state, It was declded that temperature correction factors from other

states would be verified using data collected for Oregon pavements. As a

result, a pavement deflection vs., temperature study was conducted.

In developing a relationship between the observed temperature variation
and the observed varlation In detlection, several varliables were considered
including surfacing depth, base type, and the seasonal variations in subgrade

moisture,
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The mean temperature of the pavement s determined by punching or
drilitng a 1/2 inch dismeter hole 1 1/2 — 2 inches Into the pavement, then
putting 1 inch of water in the hole and measuring the water temperature. Thls

temperature Is used to approximate the mean pavement temperature.

Surfacing depth, base and subgrade variables were controliled by
conducting multiple tests over the same pavement test section. Seasonal
variations were controlled by conducting the tests during the summer when the

pavement, base and subgrade were dry.

Data for a 4 inch thick pavement surface was collected on State Hlghway
No., 191 (Kings Vvalley Highway) at mile point 30.080 to 30.171.using 11
locations spaced at S50—foot Intervals. Fourteen sets of deflection tests were
run over a temperature range' of 61F to 90F. The data was analyzed
statistically, and the method giving the most consistent results and highest
correlation involved taking the mean of the 11 tests at each site as being
representative of the section. The 14 mean deflectlion values were regressed
against the mean temperature producing a linear equation with an acceptable R2

value of 0.97.

A simlilar technique was used to collect and analyze data at other data
collection sites representing 2, 6, and 10 Inch pavemen% thicknesses. The
results of the temperature <correction factor analyses at these sites |s
preliminary, and further analyses of the temperature correction factor data
will be conducted. Depending on the results of these analyses, additional data
may be «collected and analyzed before temperature correctlion factors are
published for Oregon pavements. A supplementary report describlng the status

of the temperature correction factor anatysis and/or proposed addltlonal data

collection Is scheduled for completion in Aprit, 1985;
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4.4.3 Carrelation of Deflection, Ride, and Skid Data with Pavement

Performance and Age

Ne progress to date. Progress on this analysis will be documented In

subsequent annual Interim reports.
4.5 Development of LifTe Cycle Costs

Data collectlon is currently in progress, however the information Is

still too Iimlted to allow meaningful analyslis.
4.6 Development of a Long—Term Pavement Management System

The pavement management system discussed In Section 4,1 above will be
used as a baslis for the dev;lopment of the long—term pavement management
system. The refinement of this system will proceed as soon as the analysis of
the obJjectlive pavement condition data (deflection, roughness, and skid data)

has been completed.

5. SUMMARY AND CONCLUSIONS

The pavement management research program for Oregon highways has been
ongoing for flve years and Is the largest single research project In Oregon at
the present time. Up to now, the collection of pavement deflection and other
objective surface condition data has been the primary emphasis of the project,
Over 65000 deflection tests have been recorded at over 1000 Individual test
sites representing a broad cross section of Oregon pavement types, ages, and

gstates of deterioration.

In addition to data collection, the correlation of Benkelman beam to

Dynatlect detlections was completed to aid the Department of Transportation in
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assessing the strength of pavements tested with the Dynaflect traller, as well
as allowing historical Benkeiman beam deflection data to be incorporated into

the research data base. The correlation of pavement deflections with

temperature Is currently underway and will be reported in a subsequent Interim
report.

As the study progresses, Information on pavement I|lfe—~cycles, rates of
deterioration, and treatment cost—effectiveness will be developed. It is
antlicipated that these results will contribute to the Improvement of the
+8ccuracy and effectiveness of Oregon's pavement management system, with the
long—term prospect of substantlal savings in the cost of maintenance and

rehabllitation.



SUMMARY OF NON—INTERSTATE DYNAFLECT SITE CHARACTERISTICS
BY PAVEMENT TYPE, PAVEMENT AGE, POPULATION AREA, AND HIGHNAY REGIONX

Characteristic
Pavement Type
Asphalt
Concrete

Ol Mat

Pavement Age (Yoarg)x

1- 5
6 — 10
11 - 15
16 — 20
21 — 25
26 - 30
31 — 35
36 — 40
41 »
Unknown

Residential Area
Rural
Small Urban
Urban

Highway Reglion

b WON

% (Data Compiled In 1979 When Dynaflect System was Developed)

TABLE 1

Parcent of Slites

72

26

10
12
15
17
15
10

11

51
11
38

16
27
23
18
16

PAGE
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DYNAFLECT VS. BENKELMAN BEAM STATISTICAL ANALYSIS SUMMARY

TABLE 2

PAGE

Std Regression Equation
Test Datax R R2 Error Coefflcients
A B C
Oid (1979) Corr Data 0.91 0.82 4.04 - 22.73 1.34
New (1983) Corr Data 0©0.81 0.66 21.27 - 36.71 —=15,99
Comblned Corr Data 0.93 Q.87 14.28 4.83 13.99 1.95
Combined Raw Data 0.94 Q.89 11.59 3.83 18.78 -.87

Corr Data had deflectlons adjusted for temperature befare analysis.

x
R = Correlation Coefficient

Regression Equation: Benkelman =

A(Dynaflect2) + B(Dynaflect) + C

30
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FIGURE 35

Plot of Dld Corrected Dynalfect vs. 0ld Corrected Benkelman Beam
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FIGURE 6

Plot of New Dynaflect (Temp, Corr. 2) vs. New Benkelpan Beanm (Temp, Corr, 2)
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FIGURE 7

Dynaflect (Temp. Corr. 2) vs, Benkelman Beam (Temp. Corr, 2) Bean
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FIGURE 8

Plot of Uncorrected I'ynaflect (O1d and New) vs. Uncorrected Benkelman Beam (Old and New)
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