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CONVERSION FACTORS

Enalish to Metric System of Measurement

English unit
inches {in}

feet {ft]

miles {mi) R

square inches {in?)
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acres
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gallons (gal)
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{mgd)

e

—lu

Muitiply by

25.4
.0254
.3048

1.6093

6.4516 = 1072

082803

4046.9

.40469

40469

.0040469
2.590

3.7854
.0037854

3785.4

.028317
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1233.5

.00123385
1.233 % 1078

28.317
.028317
.06309

6.309 x 10~5
043813

45353
80718
907.18

0.7460

§8%4 .3

tF =32 -
—_—— tC

.8

To get metric equivalent

millimetres
{m}
{m]

{mm}
metres
metres
kilometres {km}

square metres {mzl
(m?)
%

square metres
square metres (m
(ha}

square hectometres {(hm

hectares
2
square kilomeltres (kmz)

sguare kilometres (km?)

litres {1}

{m3)
cubic metres [m?)

{m3)
cubic metres (m3}

{m?
cubic hectometras [hm?3}

cubic metres
cubic metres
cubic meires
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litres per second {!/s)

cubic metres per second (m3/s)
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kilograms (kg)
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INTRODUCTION

The California Department of Transportation has utilized
deflection measurements for the evaluation of flexible

s
navements since 1938. In 1951, a series of comprehensive
deflection research studies were initiated by the Trans-
portation Laboratory in an effort to estahlish a tie
between pavement deflection levels and pavement performance,
Since the first formal study hegan in 1951 several projects
have been completed and reports made. This report first
summarized the significant findings of the early work and
then describes work completed since 1976. The results and
conclusions of the first formal study were published in
1955 {1). An evaluation of the data from this study with
respect to pavement deflections versus pavement conditions
permitted the establishment of the concept of "tolerable
deflection" criteria for a variety of structural sections.
The term "tolerable deflection® as first used and shown in
Table 1 is that level beyond which repeated deflections of
that magnitude will produce fatigue cracking in the surface.
TABLE 1
Thickness of Max. Permissible
Pavement Type of Pavement Deflection
8 in. Portland Cement Caoncrete : 0.012 in,
§ in. Cement Treated Base 0.012 in,
(Surfaced with Bituminous Pavement)
6 in. Asphalt Concrete 0.012 in.
4 in, Asphalt Concrete 0.017 1in.
v 3 in. Asphalt Concrete 0.020 in,
2 in. Asphalt Concrete 0.025 din.
1 in. Road Mixed Asphalt Surfacing 0.036 in.
-~ 1/2 in. Surface Treatment 0.050 in.
1
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The:to1erab1e deflections (maximum nermissible deflection)
presented in Table 1 provided the basis for the application
of pavement deflection data to overlay desian.,

Since this earlier work, various related studies were com-
bined and expanded. These studies have covered a periad
of about 16 years. A chronological 1ist of the nroijects
titles and reports is as follows:

Interim Reports, Papers and Test Method Published Under
This Study:

1. "Flexible Pavement Maintenance Requirements as Deter-
mined by Deflection Measurements™, January 1966 by
E. Zube and R. Forsyth {covered work done between
1960 and 1966 and included some background information
covering work dene since 1938).

2. "Pavement Deflection Research and Operations Since

1938", April 1966 (covered background work in more
detail). '
3. "Interim Report on Statewide Follow-Up Deflection

Study of Overlays and Roadway Reconstruction”,
August 1966.

4, Interim Report, “"Statewide Flexible Pavement Per-
formance and Deflection Study", December 1968.

5. Test Method, "Methods of Test to Determine Overlay

and Maintenance Requirements by Pavement Deflection
Measurements®, April 1969.

ClibPDF - wyaw.laslio.com
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6. HRB Paper, "Overlay Design Using Deflections™,
August 1970,

7. Interim Report, "Structural Overlays for Pavement
Rehabilitation®, July 1974,

8. Interim Report, "Experimental Nverlays to Minimize
Reflection Cracking®, September 1976.

General summaries of these sutdies are given later in
Phase [ of this report.

Due to an asphalt specification change in 1960, further
studies were initiated to refine the tolerable deflection
values presented 1in Table I. Fatigue testing of asphalzt
concrete samples was performed in the laboratory to re-
present tolerable deflection criteria for various traffic
Toadings (2). The original tolerable deflection data was
accumulated over roads with traffic loadings having a TI
of about 9.0. From this early research, adjusiments were
made to tolerable deflection values and a deflection
reduction chart (for a broad range of TI's) was established.
These charts were the basis for Catifornia's first overlay
design method which was published in Auqust of 1969.

In October of 1966 the Transportation Laboratory combined
an on-going State financed project with a Faderally funded

wavwlastio.com
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project to continue the work on pavement deflections and

flexible pavement verformance. The primary objectives of
the combined efforts were: (1) to establish a relationship
between tolerable deflection levels and traffic volumes for
utilization in the design for reconstruction of existing
roadways, and (2) to determine the relative importance or
effects of variable traffic volumes, deflection level,

and asphalt properties on the performance of AC pavements.
Data for the study were first utilized to refine the
deflection reduction chart as described in an interim
report (3). This was first incorporated into our over-
Tay design method in October of 1972 and later used to
modify the overlay design guide issued in July 1976.

During October of 1970, an addendum to the 1966 work plan
was addéd to include the evaluation of systems to minimize
reflection cracking. Test installations were established
at several locations throughout the State during the
summers of 1972 to 1974. Initial findings on this study
were reported in the interim report published in September
of 1976 (4).

.Continued evaluation of the deflection data resulted in

www.fastio.com

two revisions to the California overlay design method
during the period from 1970 to 1974. Deflection reduc-
tion characteristics and tolerable deflection leveis of
asphalt concrete were revised based on the performance

of highway projects under review since 1960. An AC over-
lay design gquide was developed which simplified the
procedure for determining overlay thicknesses. This was
first published in July 1976.

California's current overlay design method is presented
in Appendix B. It should he noted the present reduction
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in deflection with increases in gravel equivalence was
again placed in the test method. The original overlay
design guide was established to be primarily used with
untreated bases or treated bases which have deteriorated
to the point where 1ittle slab strength remains. For
treated bases (CTB) with good in-place strength it is
necessary to design the overlay using the 'percent
deflection reduction' curve.

This (1978) final report is divided into three phases.
Phase I contains the summaries and conclusions of each

of the interim reports and publications written on this
project since 1966. Phase II evaluates the variables of
traffic volume, deflection level and asphalt properties
with respect to the performance of asphalt concrete from
the period 1964 to 1978. Phase III 1s a final evaluation
of the various systems investigated to minimize raflaction
cracking.

FINDINGS AMD CONCLUSTIOMS

1. Pavement deflection measurements provide a reliable
andication of in-place strength of the total pavement
structural section.

2. Reasonable tolerable deflection values have been
determined for various AC thicknesses and estimated

b traffic volumes.

o 3. When a given thickness of AC is placed over an existing

roadway, the percent reduction in deflection is dependent
on the initial deflection prior to placement of the overlay.

ClibPD WL lastio.com


http://www.fastio.com/

4; -'Usiﬁg éhe aﬂove findings and conclusions California
developed an overlay design method to determine overlay
requirements utilizing pavement defiection levels, toler-
able deflaction criteria and estimated traffic volumes to
determine structural adequacy.

5. Measured deflections can either increase, decrease
or remain the same with time. Therefore pavement deflec-
tion measurements alone cannot be used to predict when

an overlay would be required. They do indicate a present
condition for which an overlay would be appropriate.

6. The California overlay design method at the present
time does not provide for adjustments for temperature.
Deflection differences caused by moisture changes in the
base and subgrade throughout the year completely over-
shadow the magnitude of temperature adjustments that
might be made. Our method attempts to determine pave-
ment deflections during the worst condition (by testing
in the spring or early summer) when the moisture cantent
is at the highest Tevel.

7. For_22 projects investigated for nearly 15 years, a
relationship was found between fatigue cracking and
tolerahble deflection levels previously determined for
various thicknesses of AC and traffic volumes. Seventy-
three percent of the pavements that exceeded tolerable
deflection levels had fatigue cracking in excess of 10
percent of their area, regardless of asphalt properties.

8. The following general observations were noted regarding
asphalt properties and pavement performance:

ClibPDF - v laslio.com
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(a) Ductility values usually drop from 70 to 100+
{new AC) to less than 30 when AC pavements reach 10 percent
fatigue cracking, regardless of the time period to reach
10 percent cracking. Pavements that exhibited 10 percent
fatigue cracking approximately 6 to B8 years after con-
struction had ductility values nearly 50 percent Tower
{from construction to failure) than pavements reaching
10 percent fatigue cracking approximately 13 to 15 years
after construction.

(b} Penetration values of asphalt used for new AC
{usually gﬁeater than 40) generally have dropped to less
than 15 by the time 10 percent fatigue cracking occurs,
Mo appreciable penetration differences were notad for
good and poor performing pavements.

(¢} Modulus of rupture, softening point and cohesion
values generally tend to increase throughout the pavement
1ife. Pavements with slightly higher modulus of rupture,
softening point and cohesion values were quicker to reach
10 percent fatigue cracking than pavements with lower
values.

9. 0f the 22 projects investigated in this study, one
percent fatigue cracking was reached an average of 9.2
years after construction, Ten percent fatigue cracking
occurred an average of 11.7 years after construction.
This marked increase in fatigue cracking over a short
interval confirms results found on the Zaca-4Yigmore Test
Road, and indicates that failure is not directly propor-
tional to time.

wavwlastio.com
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10. A aood relationship (r = 0.86) was established
between the two primary factors (asphalt nroperties and
destructive factor) resulting in the fatioue failure o¥
an asphalt concrete pavement.

Percent Alligator Cracking =
-8.25 + 0.0012(Cumutative Deflection) + 0.043(Stiffness @77°F)

11. The following general observations were noted for
the material and/or systems used to control reflection
cracking:

(a) The Petromat “abric has heen effective in extend-
ing the 1ife (time to a specified amount of reflection
cracking) of those 0.08 foot maintenance blankets on test
sectinns that exhibited alligator cracks less than 1/8-
inch wide (fatigue Féi1ure) nrior to the overlay, and were
in areas noted for mild climates. The test sections with
Petromat énd AC overlays oreater than .10 Toot in thickness
have not been in service long enough %o determine their
performance since neither the control nor fabric test
sections have yet failed.

(b) Mone of the stress-relieving interilayer ( SRI)
systams tested to date (emulsion slurry seal, rubberized
sTurry seal) have been effective 1in reducing reflection
¢racking.

(c) On one of the test sections where an additional
thickness of AC (0.12 foot) was placed to compare economically
with the cost of using other experimental products (Petromat,
SRIs, etc.) the additional thickness of AC performed
better than the experimental test section (02-Las-395).
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similar comparisons in other areas of the State have not
been in service long anough to draw firm conclusions on
> the relative effects of the additional thickness of AC.

% (d) The binder modifiers, Petroset "AT" and Reclamite,
did not effectively reduce reflection cracking.

(e) Test sections with dense-graded AC overlays
placed over open-araded mixes have nct had sufficient
time to determine their performance {(hoth control and
test sections have not failed to date).

IMPLEMENTATION

1. The deflection analysis method of overlay design was
implemented by the Transportation Laboratory with the adop-
tion of Test Method MNo. calif. 356 in 1969 after publication
of Interim Report MNo. 4 for this research project. It has
been used as an alternate method for overlay desian when
this service wWas requested by a Transportation District,
County, City, Airport Authority, or other public agency.

2. The California Depar tment of Transportation is in the
process oOfF implementing a pavement Management System. A1
sleven Transportation Nistricts are now beginning to utilize
the deflection method of design for structural averlays for
rehabilitation of existina flexible pnavements showing
distress. This method is being selected as the standard
procedure when a structural arnalysis js determinerd to be

the appropriate strategy based upon biennial pavement con-
dition survey data as taken by the Qffice of Maintenance.

ClibPD www . fastio.com
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to reduce

3. Pﬁégént1y;#the use of Petromat or other similar fabrics

reflection cracking has heen approved for use

over pavements exhibiting fatiaue cracking in the form of

alligator

cracking where the cracks are less than 1/8-inch

wide. Additional uses presently approved are: {1) in areas

where vertical controls make it advantageous to restrict

or reduce
curbs and
multilane
thickness
therefore

the overlay thickness by 0.1 foot AC (structures,
gutters, etc,); (2) economic considerations on
highways where the use of fabric will reduce the
required on the outer lane (truck lane) and
greatly reduce the amount of material needed

to be placed on the Tess damaged inside lanes to maintain

gdrade,

10
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PHASE I - SUMMARY ANMD COHCL!'SiONS NF THE INTERIM REPORTS

Pyblication Mo. 1 - Fiexible Pavement Maintenance Regnire-

ments as Determined by Deflection Measurements (Jan. 1966)

This paper reports the results o the uyse of the deflection
method by the California Division nf Highwavs for the eval-
uation of existing flexible pavements and the recommendations
for suitable reconstruction. Eiahty projects including
State highwavs, county roads, and city streets were sub-
jected to deflection investigation by the then Materials
and Research Department of the California nivision of
Highways. The prime purpose of these investigations was

to develop recommendations for appropriate corrective
treatment. The results of this study produced a larqge
volume of data on the deflection attenuation properties of
various roadway materials, alona with the resiults of
individual deflection studies. The test procedure, method
of evaluation of deflection data, and design criteria which
have evolved were examined in detail. In addition, economical
and practical factors involved in making a specific recom-
mendation were also discussed. A separate section of the
report was devoted to a review of current deflection
rasearch including work on the establishment 0f maximum
deflection criteria which may be adjusted for varfations

in traffic volume. An analysis nf radius of curvature data
obtained with the Dehlen Curvature “eter was also included.

Conclusions

1. Laboratory strenath values to determine the in-place
strength of a structural section cannot he considered
totally valid, since the conditions of moisture and density
assumed during preliminary design may not have occurred.

11
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5 The residual sirength nf an asphalt concrete surfacina
is difficult to evaluate. The hardening or curing induced
by age may lend considerable slab strength to the systenm
even though there is continuous visible distress. The real
significance o pavement deflection data, therefors, is that
it gives the highway engineer an indication of the total
in-place structural strenath of an existing roadway.

3. Laboratory fatigue tests showed that the fatiaue 1ife
of individual AC specimens varied widely although the slopes
of their load repetition versus deflection lines were re-
latively uniform when plotted as logarithmic functions. By
utilizing an average AC surfacing fatique l1ine slaope and
pivoting lines through known deflection criteria at the

9.0 traffic index level, a chart was established for the
purpose of making adjustments in tnolerable deflection for
varying traffic volumes.

Pyblication Moe. 2 - Pavement Deflection Research and
Dperations Since 1938 (April 1966)

This report was a discussion to date of all the research
initiated by the then California Division of Highways on
pavement deflections since 1938. First installations
utilized General Electric travel gauges to measure deflec-
tions. As a result of these studies, in 1955, the maximum
tolerable defiection criteria was established. These
criteria provided the basis for future appiication of
pavement deflection measurements to distress investiga-
tions on overlay désiqn. A discussion on the estaklish-
ment of the tolerable deflection criteria and test sections
was included.

12
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Backqround information was discussed with regard to the
development of present deflection equiprent. During the
operation of the WASHO Test Road in 1952 and 1953, a

device for aobtaining rapid and accurate deflection
measurements was developed hy A. C. Benkelman of the

then Bureau of Public Roads. This instrument, termed the
"Benkalman beam", thus stimulated deflection research

by this department and other aaencies. By 1960, this
department had developed and put into operation a fully
automatic pavement deflection device utitizing the Renkelman
beam principle on a tractor-traiier combination which became
known as the California Deflectometer.

Discussion of the deflection attenuation research that
began in 1955 and accelerated with the development of
the Benkelman beam and Deflectometer was included. The
results produced a sufficient amount of information on
deflection attenuation of various materials to provide

a reasonahle basis for estimating the amount of required
reconstruction. |

The procedure for the use of pavement deflection measure-
ments for overlay design was discussed. A review of some
projects designed by this method and the other factors to
he considered was presented.

Publication No. 3 - Interim Report on Statewide Follow=-un

neflection Study of Overlavs and Roadwav Reconstructian
(Auagust 1966)

This report presents the results nf the first 18 months of
the statewide follaw-up deflection study. The primary

13
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purpose of this study was the establishment of a tie
between tolerable deflection levels, structural sections
and traffic volumes. Eighty-six separate test sections,
representing 25 different structural sections, were sub-
jected to yearly deflecticn measurements, crack surveys,
and rut depth measurements. In addition, asphalt concrete
cores from each test section were taken and tested for
nroperties of recavered asnhalt on a biennial basis. The
data resulting from two deflection measuring cycles and
one asphalt testing cycle was presented and analyzed.

This report also presented the resuylts of a continuing
study on the deflection attanuation properties of various
roadway materials. This data has heen and continues to

be accumulated by way of follow-up deflection measurements
on projects subject to investigation and subsequent re-
construction.

A third objective of this study was to evaluate areas of
influence as determined by radius of curvature measurements
compared to convaentional lineal deflection measurements.,
Radius of curvature measurements obtained using the Dehlen
Curvature Meter on a number of aagregate base and cement
treated base projects were compared with conventional
measurements over the same sections.

fonclusions

The data available from the first 18 months of this study
indicated the following:

14
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1. Inspection 0of deflection data on new pavements one
to four years of ade indicates that sianificant reductians
- in deflection usually occur during the first three years
of service. This is presumably due to the curing of the
. AC surfacing and some additional traf’ic compaction.
Approximately four years after construction, deflection
lavels tend to increase. This is presumably due to the
presence of micro-cracks and changes in the moisture con-
dition of the structural section.

2. Penetration tests on the asphalt binder recovered
fpom cores taken from 17 nrojects indicate that aging or
hardness is generally relatable to percent of air voids
and film thickness. The Tack of a clear-cut correlation
between these three variables indicates the relative
importance of nther factors which may include crude o0il
source, AC pavement permeability, and hot plant tempera-
ture and mixing time,

3. Radius of curvature of the AC surfacing as indicated
by the NDehlen Curvature Meter is aenerally relatable to
Tineal deflection. Meither tvpe of measurement alone
demonstrates a clear-cut superiority as a nredictor of
pavement perfarmance. The curvalure meter however does
exhibit greater sensitivity and thus will be subject to
further evaluatinn, '

4, The highest benefit in terms of deflection reduction
occurs with relatively thin corrective treatments. The
percent of deflection attenuation tends to diminish as the
aravel equivalence of reconstruction increases, even
though, in absolute units, deflection reduction increases
with aravel equivalence.

15

ClibPD WL lastio.com


http://www.fastio.com/

ChhPD

5. Actual reduction in deflection resulting from a given
corrective treatment is dependent on the initial deflec-
tion level, i.e., reduction in absolute units of deflection
is significantly greater for high initial deflection levels
than at low initial deflection levels even though the
percent reduction may be the same in each case. It
therefore appears more realistic to estimate the reduc-
tion in deflection in terms of percent of initial
deflection rather than in absolute units.

6. The reduction in deflection resulting from cement
treatment of an in-place material is somewhat greater than
presently indicated by established gravel equivaient
factors.

Publication No. & - Statewide Flexible Pavement

Performance and Deflection Study (Interim Report)
December 1963

Data representing the present status of various prnjects
comprising a total of 25 different structural sections with
varying levels of traffic and pavement deflection were
briefly discussed. Studies to evaluate pavement performance,
deflection attenuation properties of various roadway
materials and radius of curvature of various highway pave-
ments by the Dehlen Curvature Meter were also discussed.
Contrary to the findings presented in the last interin
report, (Publication No. 3) pavement deflections continued
to decrease after the pavement had reached an aqge af four
years probably duegto traffic compaction and furtiher AC
aging. It was reported that preliminary computer analyses

16
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indicated that accumulative 5,000 pound equivalent wheel
Toadinns were the most significant variable in pradicting
pavement distress.

Since the last interim report (5), August 1966, the scope of
this project was expanded to include the "Statewide Flexible
Pavement Study." This study was proposed for inclusion
baecause in addition to being closely related to other on-
going work, it would eliminate administrative and report
duplication. Although the objectives differed somewhat,

the investigational procedures were much the same and
involved the same laboratory personnel, This phase of the
study was designed to provide information on the quality

of structural section materials as well as evaluate design
and construction procedures and relate these factors to
pavement performance. Approval for consolidating the two
projects was obtained on December 20, 1966.

The purpose of this 1968 report was to present the results
of testing and data collection since the Tast interim report
dated August 1966.

This study involved 20 different paving projects through-
out the state plus a series of streets in the City of
Woodland, California. ‘

A comparison between the 1968 data and that which was pre-
sented in the 1966 interim report was made. The changes in
asphalt properties, defiection levels and surface condition
were presented fof one test section per project. From this
data, no clear-cut trends or conclusions could be estab-
lished. However, some preliminary computer analyses

of data from one test ssection from each of five different

17

www fastio.com


http://www.fastio.com/

Traffic Tndéx-Dé?Tection projects were performed. The
results suggested that accumulative 5,000 pound equivalent
wheel loadings were the most significant variable in con-
tributing to surface distress. The second most significant
factor was the penetration value of the recovered asphalt
binder, and next important was the pavement deflection.
Since this was only a “"trial run", it may have had 1ittie
bearing on final results and conclusions when all data are
considered.

Juring the interim period, follow-up deflection measure-
ments were made over 16 different projects constructed
subsequent to the last report. Also since the last (19686)
report, 177 city, county and szate roadways totaling over
500 centerline miles have been investigated for purposes

of determining reconstruction and maintenance requirements.
Aporopriate reconstruction strategies were recommended
based on present deflection criteria.

A computer analysis was performed on all deflection data
thus far collected. The results indicated the deflection
attenuation design criteria were still valid.

Another area of study that is continuing consists of the
datermination and analysis of the area of influence or
radius of curvature of a pavement under joad, and the
relationship of this variable to pavement performance.
For this the Dehlen Curvature Meter was used to collect
data on all projects which are subject to deflection
measurement.

Correlation curves ralating radius of curvature to pave-
ment deflection for both cement-treated and untreated
aggregate pase construction have bheen established by

18
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computer analysis. The results reveal a coefficient of
correlation of 0.73 for the untreated base sections and
0.84 for the cement treated base sections. The standard
error of the estimate in terms of Benkelman beam deflec-
tion was found to be +0.008 inch for the untreated base
sections and +0.007 inch for cement treated base sections,
This suggests that it is possible to estimate the deflec-
tion level of a particular roadway by means of radius of
curvature measurements.

Another phase of the study invoived visual inspection of
mainline AC pavements which have been constructed since
1961 and have been in service at least three years. The
purpose was to evaluate present design standards and
accumulate detailed information related to the effective-
ness of construction methods and materials used in highway
construction throughout the State of California. To gain
information on different projects, District Maintenance
Engineers and Area Maintenance Superintendents were first
contacted and requested to report unusual or early distress
which was occurring on individual roadways. On projects
where early distress was evident, an engineer from the
Materials and Research Department made a field review
which included photographs and condition surveys. From
this, test proqrams were planned. If fatigue cracking
was observed, deflaction measurements would then be
obtained over representative test sections in cracked

and uncracked areas. Detailed crack surveys and rut
depth measurements were to be made and AC core samples
and samples of the other elements of the structural
section would be obtained for testing.

19
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Generally abdut éb projecté were to be reviewed each year but
only three or less were actually tested. A Tlog of projects
was kept and reviewed on an annual basis as new project were
added. If failures developed, testing would be initiated.
Thus far, (1963) only a few projects have been tested as
early failures were more or less nonexistent.

Conclusions

1. Contrary to the findings presented in the 1966
interim report, deflection levels continue to decrease
after the pavement has reached an age of four years.
This is presumably due to additional aging of the AC
surfacing and additional traffic compaction, However,
the rate of decrease in deflection Tevel is considerably
less than that of the first four years. Increases in
deflection level are suggested in areas of block
cracking where additional moisture has entered the
structural section.

2. Preliminary computer analyses during this interim
period of data from one test section from each of five
of the Traffic Index-Deflection projects suggest that
accumulative 5,000 pound equivalent wheel loadings are
the most significant variable in predicting distress,
second is the hardness of the recovered asphalt binder
in terms of penetration, and third, the pavement deflec-
tion.

20
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Publication Mo. 5 - Test Method Mo. Calif. 356 (April 1969}

This was the first publication of the overlay design method
"Method of Test to Determine Overlay and Maintenance Require-
ments by Pavement Deflection Measurements".

Scope of Test Method

This test method describes the use of four pavement de-
flection measuring devices and the procedures used for
determining overlay requirements for existing asphalt
concrete roadways by defiection analyses. Basically,
the method consists of measuring the total pavement
deflection resulting from the application of a 15,000
pound single axle load (7,500 pound dual wheel load).
The deflection readings are then compared to previously
determined allowable 1imits for a similar structural
cection and traffic volume in terms of equivalent 5,000
pound wheel loads. Corrective treatment is described as
the cbver (thickness of overlay material) required to
reduce the deflection to a level at which the surface
will be unlikely to fail due to fatigue. This cover is
expressed in thickness of gravel equivalence and the
actual required thickness of asphalt surfacing is
determined by the use of gravel equivalent factors of
the specific materials to be used.

Publication No. 6 - Overlay Design Using Deflections
(August 1970)

This report was written for presentation at the western
summer meeting of the then Highway Research Board in
August 1970. The report contained a summary of the
background information pertaining to the development
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' of the overlay design method. A review of the develop-
ment of deflection equipment was also incliuded. The use
of the pavement evaluation system was explained in some
detail with examples. The factors to be considered for
a satisfactorv design were discussed.

A method for determining the K-values of an existing
bituminous roadway from deflection measurements was
developed and inciuded in this report. The method was
developed from the correlation study made by the Canadian
ficod Roads Association between Benkelman beam deflection
measurements under an 18,000 pound single axle load and
plate bearing tests.

Conclusions

1. The satisfactory resuits of designs for overiavs,
based upon deflection measurements, for approximately
400 roadways, have indicated the value of pavement

deflection as a tool for desiagninag overlay thickness,

2. Experience has shown that other factors such as
drainage, traffic and type of distress must also be
evaluated in an overlay desian,

3. A correlation was found between the Califernia
Deflectometer and Canadian food Roards Association
static deflection measurements,

4. A method for determining the K-value of an existing
hituminous roadwayv from deflection measurements has been

developed. This allows for the design of a portland
cement concrete overlay using existing design Fformulas.

22
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Publication Mo. 7 - Structural Overlays for Pavement

Rehabilitation (July 1974}

Comprehensive deflection research programs have been in
progress in California since 1951. Results and conclusions
were first published in 1955, Tolerable deflection levels
for variocus pavement thicknesses were first established at
that time. Using this data and fatigue tests in the
Taboratory on specimens cut from various AC pavements,

the then California Division of Highways developed test
Method No. Calif. 356 as its pavement overlay design
method. Since 1960 this test method has been utilized for
the overlay design of approximately 450 roadways. This
report explains the modifications made to the design
method through additional research and refinements.

Deflection reduction characteristics and tolerable de-
flection Tevels of asphalt concrete were revised based
on the perfaormance of highway projects under study since
1960. Deflections were measured with the California
Deflectometer. Most of the deflection measurements were
taken during the spring or early summer when the moisture
content in the roadbed is high and the temperature
moderate. This was done to minimize the error caused by
a change of moisture content in the roadbed, and to base
the overlay design on the worst condition the pavement
structural section would be in during & given year.

This study showedlthe previcusly developed tolerable
defiection values for AC thicknesses of 0.20 and 0.30 foot
were substantially verified by experience for California
conditions. However, thicker AC pavements of 0.40 and
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0.50 foot were found to be able to tonlerate more deflection
than originally established. Because of this studv, the
tolerahle deflection for 0.50 foot AC section was increasad
by 20 percent.

A comparison of predicted versus measured deflections
was made of 69 projects where deflection measurements
were taken before and after reconstruction. Predicted
deflections compared favorably with the measured deflec-
tions. The collected data also indicated that the
reduction in deflection is dependent on the initial
deflection before placing an gverlay.

Conclusions

1. On 69 overlay projects the desiagn method's predicted
deflection compared favorably with the measured deflection.
The coefficient of correlation is 0.90 and the standard
error is 0.004 inch.

2. OQur vreviously developed tolerable deflection values
for overlays between 0.20 and 0.30 foot (61 and 91 mm)

thick have been substantially verified hy experience for
California conditions while about a 20 percent increase

in tolerahle deflection is justified for a 0.50 foot (152 mm )
thick AC overlay.
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3. For a given AC overlay thickness, the amount of tne
reduction in deflection is dependent on the initial deflec-
tion before overlay placement.

* 4, The revised tolerable deflection curves and the de-
flection attenuation curves have been combined to produce
a design guide for AC overlays. Use of this design guide
rather than a trial and error process involving values
picked from two charts greatly simplifies the method of
selecting overlay thicknesses. The revised overlay design
test method was published in April of 1975.

Publication No. 8 = EkperimentaI Overlays to Minimize
Reflection Cracking (September 1976)

The potential problem of reflection cracking may be the
controlling factor when determining the thickness of an
asphalt concrete (AC) overlay for existing asphalt con-
crete or portland cement concrete (PCC) pavements. At
present, rule of thumb procedures are used to determine
AC overlay thicknesses when the governing criterion is
reflection cracking. The thicknesses required to prevent
excessive reflection cracking are substantial and usually
range from 0.25 foot upward for California climatic
conditions.

Previous efforts to prevent reflection cracking have been
mainly concerned with paving over PCC surfaces, and a
number of methods have been field tested. Since 1671
research has been conducted on experimental asphalt
concrete overlays to minimize refiection cracking. An
evaluation of various methods and systems was made to
determine their effectiveness in reducing retiection
cracking in bituminous overlays. The purpose of this

25
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interim report was to present information on the construc-
tion of the experimental overlay projects and to report on
their performance to date.

Experimental overlays were constructed on eight projects
at varinus locations throughout the State. Table 2

shows a summary of the project locations and the systems
and/or materials tried. Detailed crack surveys of the test
sections were made pridr to the pavement being overlaid
and contral sections were established during the construc-
tion phase. Climatic conditions for each project were
noted. At various intervals after construction condition
surveys were conducted for evaluation purposes by com-
paring the performance of the test sections with the
established control areas.

As of this interim report (September 1976) significant
differences on many test sections had not developed.
However, experience to date did reveal that the Petromat
fabric, while not always a benefit, would extend the
useful 1ife of an overlay in some areas of the State on
pavements originally exhibiting hairline to 1/8-inch
wide alligator-type cracking. Asphaltic emuisions

were found to be less desirable as a tack coat for
fabrics due to the delay caused by the period of time
required for the emulsion to "break"™, Asphalt cement,
AR2000 or AR4000 viscosity grade, is best suited for
the tack coat with an application rate of about 0.25
gallon per square yard but no less than 0.20 gallon

per square yard.

The emulsion slurry seal, rubberized slurry seal and

Petroset did not effectively reduce reflection crackinag
in these tests.
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Conclusions

|

Significant differences on many test sections have not
developed because of the short test period, but the
followina conclusions appear warranted:

1. To date, the additional 0.12 foot AC placed in con-
junction with a 0.08 foot maintenance blanket in one

of the sections is performing better than the other
experimental test sections on the 02-Las-395 project.

1t has extended the life of the overlay by more than two
years.

2. Based on performance to date, the 1ife of a 0.08
foot AC overlay has heen extended more than two years on
projects 08-Riv-15 and 11-5nD-78 by placing Petromat with
the overlay on pavements that exhibited alligator cracks
tess than 1/8-inch wide.

3. The emulsion slurry seal, rubberized slurry seal,
and Petroset did not effectively reduce reflection crack-
ing on project 02-Las~-395.

4, Asphalt cement, AR2000 or AR4000 viscosity grade,
is best suited for a tack coat when installing Petromat
to avoid a time delay caused by waiting for an emulsion
to break, especially during cool weather and during the
garly morning.

5. Problems were encountered during construction with
Petromat, Cerex, and rubber slurry seals when the overiay
was placed by windrowing the AC material. The heat of
the stockpiled material, equipment pushing and shoving,
and paver pickup caused nroblems in keepina the materials
in place.
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6. Cerex, a spun-bonded nylon product manyfactured by
Monsanto, Inc., could not be satisfactorily placed with a
windrow paver operation and an RS-2 emulsion (02-Las-395
project).

7. Test installations of Petromat fabric on each of four
project locations in California show that the test sections
are thus far performing better than the adjacent control
sections of equal AC overlay thickness without Petromat.
The four projects are:

a) 02-1Las5-395-29.8/31.8

b) 02-lLas-395-50.6/51.3

c) 08-Riv-395(temp. 1-15}-28.09/28.53
d) 11-SD0-78-7.5/15.6

8. The following tentative criteria appear to contribute
significantly to the performance of Petromat fabric
when used in conjunction with AC overlays:

a) Perform crack sealing on all c¢racks over 1/4-1inch
wide. Poor performance was noted when cracks greater
than 1/4-inch wide were not sealed prior to placement
of a tack coat and Petromat.

b) About 0.25 gallon per square yard of AR2000 or AR4000

paving grade asphalt should be placed as a tack coat prior
" "to the Petromat installation. Our experience to date has

revealed that poorer performance was obtained when appli-
v cation rates of less than 0.20 gallon per square yard

were used. We found asphaltic emulsions to be less

desirable as a tack coat because of the time delay refer-

red to in finding No. 4, ahove.
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6) " While some ﬁihor wrinkling of the fabric 15 unavoid-
able, folding of the Petromat should be avoided during
the placement. It appears that excess fabric in one fold
(three layers of material) tends to allow rapid develop-
ment of a crack immediately over a fold, especially in
thinner AC overlays.

ClibPDE " W laslio.com
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DEFLECTION LEVEL AND ASPHALT PROPERTIES ON_ THE
PERFORMANCE OF ASPHALT COHCRETE {1964 TO 1978)

Evaluation Program

Between 1959 and 1967 eighty-three test sections were esta-
blished on twenty=-four newly constructed roadways at various
locations throughout the State. Projects were chosen after
construction began rather than setting up ‘pre-selected’
test sections to assure routinely constructed projects.

This approach was used to avoid delays in getting the
program started.

Field testing included pavement deflections, cores to deter-
mine asphalt properties, condition surveys {crack counts),
and maintenance history. The test data for each project

are shown in Tables 3 to 24. pavement deflections were first
measured in 1964 and each year thereafter for approximately
the first seven years. The freguency was then reduced to
avery other year until about 1975. Three different deflec-
tion devices were used to measure pavement defiections on
the various projects. Daflections were measured with the
Bankelman beam and the first cajifornia Deflectometer until
about 1968. After 1968 and until the end of the study a
second generation deflectometer was used (see Appendix A =
History of Pavement Deflection Equipment). All measured
deflections were converted to our current standard (Defiec-
tometer with 18,000 pound axle load) prior to evaluation.
Asphalt concrete coras were first taken on the various
projects approximately two to four years after completion.
Additional cores were taken every other year until about

31


http://www.fastio.com/

ClihPD www.fastio.com

'1972. The following labaratory tests were performed on the

recovered asphalt concrete material: specific gravity,
cohesion and modulus or rupture. Tests on the recovered
asphalt included penetration, softening point, ductility
and percent asphait. '

Roadway condition surveys (crack counts) were taken on the
various projects at the same time as deflections were mea-
sured. Transverse, longitudinal, and block or alligator
cracks were plotted for each project. The majority of the
test sections were 1000 feet Tong.

The traffic data (cumulative EAL's) were determined from
data collected by special traffic counts by the Districts
and traffic information compiled and published by the
Caltrans Traffic Department.

DATA ANALYSIS

To determine a performance standard for the various projects,
the number of years to 10 percent block cracking (entire
lane) or 10 percent alligator cracking (wheelpaths only)

was selected. It is generally acknowledged that when load
associated cracking develops to this extent, it is serious
enough that some form of rehabilitation is warranted.
Projects investigated on this study were generally new
construction with structural sections for each project
determined from the estimated total number of equivalent
18,000 pound single axle loads for each project.

0f the original twenty-four projects investigated on this

study, two projects were discontinued due to realignment
of the roadway. Of the remaining 22 projects three
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projects lasted 6 to 8 years prinr to 10 percent crackinga,
10 projects lasted 9 to 12 years prior to 10 percent
¢racking and 7 projects lasted 13 to 15 years prior to

10 percent cracking.

Obviously there are many factors that influence the number
of years a flexible navement will las% hefore corrective
treatment is needed. Some of these are: structural
section design; quality of construction materials, con-
struction techniques, traffic loadings, and environmental
factors. The projects selected on this study were from
various locations throughout California; however, none

of the locations represented extreme climatic conditions,
such as mountainous or desert regions., OQOur data analysis
for this study will mainly be confined to conmparing road-
way performance ta (1) pavement deflections, (2) asrphalt
properties and (3) traffic loadings.

Deflections

Tolerable deflections were determined for the data presented
in Tables 3 to 24 using Figure 17, Appendix B, These values
were then plotted on the deflection charts in Tables 3 to
24,

It has long been established that the magnitude of deflec-
tions and traffic volume (tolerable deflection criteria)

. influences the longevity of a pavement. To determine the
extent of this postulate for the projects studied, a

‘ decision tree was established that disregarded the influence
of asphalt properties and the original design life (Figure 1).
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Again, the criteria of 10 percent cracking (block or
allicator) was selected as the point where pavements
should be considered for corrective treatment. The
projects were isolated into the four categories esstab-
1ished and their performance determined (Table 25).
As shown in the table, 73 percent of the projects
supported the theory and 27 percent did not. It is
important to note the best performance was achieved by
the projects where deflections were Tess than tolerable
levels, and block or alligator cracking was less than 10
percent. The average 1ife of these projects was 13.7
vears. It should also be pointed out that there were
no projects that fell into column 3, that is, projects
- where deflections exceeded tolerable levels, but cracking
did not develop. On the projects where deflections
exceeded tolerable 1eve15, an average performance life
of 10.9 years was obtained.

On the projects investigated, 1t was observed that one
percent block or alligator cracking occurred an average
of 9.2 years after completion of each project. Ten
percent block or alligator cracking was obtained an
average of 2.5 years Tlater, indicating that once cracking
starts to develop, the process accelerates.

Asphalt Properties

Asphalt properties are an integral ovart of the perform-
ance of any flexible pavement. Asphalt pavements, no
matter how well designed and constructed, will not last
forever; the asphalt binder eventually hardens, and
cracks will develop. A problem in studying pavement
performance is to distinguish hetween load associated
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asphalt cracking (fatigue cracking) and cracking resulting
from shrinkage or thermal stresses that may be influenced
by asphalt properties.

In an attempt to determine the relationship between asphalt
properties and performance, cores vere taken periodically
on the various projects. Twelve-inch cores were sectioned
to obtain specimens suitable for modulus of rupture tesis.
Cohesion tests were performed on four-inch diameter cores
using the Cohesiometer. Asphalt recovered by the Abson
process was tested for penetration at 77°F, softening
point, and ductility.

The paving grade asphalt used on the projects was from
various production sources and crude sources available
in California.

Monismith (6) in his original studies on fatigue of asphalt
concrete mixes used the modulus of rupture test to deter-
mine fajlure. He found that the modulus decreased as he
continued to fatigue his specimens. Therefore, i1t was
decided to further study this finding in the field by
measuring the modulus at various intervals of time, On

the basis of Monismith's results, a decrease in modul us
should indicate that the fatigue 1ife of the pavement was
being approached and Targe scale cracking could be expected
to develan.

The recovered asphalt penetrations for any specific pro-
ject when plotted against service time produced the normal
curve of relatively rapid drop in the first thirty months
and a lower decreasing rate thereafter. Therefore, the
penetrations for all the projects were averaged and are
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shown ihxFigure é. This chart also shows the average
curves for projects with 13 to 15 years of service com-
pared to 6 to 8 years service for equivalent amounts of
alligator or block cracking. ATlthough the difference

in penetrations between the two curves is not very great,
it is significant that the curves fall in the expected
order. It is interesting to note that for equivalent
amounts of cracking, pavements having 6 to 8 years service
nad a penetration range of approximately 15 to 138 but the
projects having 13 to 15 years service had a penetration
range of approximately 9 to 11. This observation clearly
indicates the importance of the "destructive factor™® in
the service 1ife of the pavement. It appears that even
ralatively small changes in penetration below 20 may have
an important effect on the amount of fatique cracking if
deflections are about the same. There is some confirmation
in these results for the continuing statements in the
literature that when the penetration of the asphalt in a
pavement is reduced to 20 or less and the ductility is
also reduced, a "critical" state is reached. The extent
of cracking wiil then depend on thne magnitude of the
destructive factor at this point in the service life.

Figure 3 presents the increase in average softening point
readings for the various projects. The results confirm the
findings for penetration reductions. However, one notes that
the projects having only 6 to 8 years of service 1ife before
acquiring 10 percent block or alligator cracking have defi-
nitely higher softening points then corresponding projects
having an average of 13 to 15 years service Tife before
cracking reached 10 percent, Shear susceptibility deter-
minations were not made on these samples, but the definitely

TEdsstructive Factor® (in feet) = EWL's for given period multi-
plied by the average deflection in inches for the same period,
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Figure 2
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SOFTENING POINT, °F
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AVG. DEFLECTION, INCHES x 1073

PROJECT:

CONTRACT NO:
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TABLE 4

PROJECT:_2{03-Gle-162.,458)

CONTRACT NO:_60-14TC22 F
TEST SECTION.__P.M. 9865 t.o PM IO |87 :
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TABLE 5

PROJECT:__4A(03-Sacx 99,232A)

CONTRACT NQ: 60-3TC-20
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TABLE ©

PROJECT: _ 4B(03-Sac-889, 232 A)
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TABLE 7
PROJECT: 4C (03-Sac-99, 232A)

CONTRACT NOQ: 6!-3TEQ -
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TABLE 8
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TABLE 9
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TABLE 13
PROJECT: (1105 - SBt -156,22-A)

CONTRACT No:__62-5Tt3C2
TEST SEcTion_PM.5.0%to PM. 9 2% .
STRUCTURAL SECTION: 0.06 OGAC 0.25AC,0,67'AB,1.00'AS

COMPLETION DATE: |-4-62
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PRQJECT:

TABLE 14
12 A (05-58t-156)

CONTRACT NOQ:
TEST SECTION:
STRUCTURAL SECTION:

05-021304

PMI3.3% to PM. IR4E

0.25AC,067AB,1.00AS

. COMPLETION DATE: April, 1967
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PROJECT:
CONTRACT NO:

TABLE 15

128 (05-SBt-156)

61-5TC3

TEST SECTION-_PM.3 0F to PM, 50F (San_Jugn Bypass) . :
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TABLE 16
PROJECT:

13{Q5-SL.0-1,56C,D)

CONTRACT NO.

61-5vi3Cl2

TEST SECTION:

PM.285% to PM.37.0%

STRUCTURAL SECTion: Q.06

"OGAC,021'AC,0.67 AB, (.00'AS

COMPLETION DATE: 8-15-63
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PROJECT:

CONTRACT NO:
TEST SECTION:

TABLE 17
1406 -Kar-204, 141 A)

64-6VI3C2~-F

P.M.0.0% to PM.1.9%

STRUCTURAL SECTION._Q.29'AC . 067'AB .083 1o .O4'AS
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TABLE 18

PROJECT:__ I1B5(06 -Kin-198.108)

CONTRACT NO:__62-6T13 C4]
TEST SECTION.__PM.O.0% tg PM 991

STRUCTURAL SECTION: 'AC 'CTB '18
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TABLE 19

PROJECT:___16(06-Kin, Tul=-43 135 BA)

CONTRACT NO:_63-6T 13C2 =P

TEST SECTION._PM.O.O% to PM 3.3% PM.217¥t0 PM.227%
STRUCTURAL SECTIONLO.25'AC ,0.B0'CTB, Exist.Pav't.

COMPLETION DATE: 2-4-63
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TABLE 20
PROJECT: {7 (06-Fre -8l1 FAS)

CONTRACT NOC: 64-6Y24 CI|9—P

TEST SECTION:_STA 375To STA.639 _
STRUCTURAL SECTION: 0.25'AC,0.50'AB, 117 AS
COMPLETION DATE: 9 ~-29-64
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TABLE 2l

PROJECT: 18 (06-Fre—1329-CR)
CONTRACT NOC: 64-6Y24C20-P

TEST SECTION:.STA . 499 fo STA 66’-}-&-50 i :
STRUCTURAL SECTION:Q.23 AC,050AB,0.92 to1.00 AS
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TABLE 22

PHOJECT=W

CONTRACT NO! _gTC13-FP -
TEST SECTION: PM. T to = .
STRUCTURAL SECTION: AC AB,LITAS
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TABLE 23

PROJECT:_20(10 - Cal~49, 654)

CONTRACT NO: 64-10,—II3C 14 -
TEST SECTION: PM.205% tq PM.27. 6%

STRUCTURAL SECTION: O.

25'A C, 0.50'AB L.OQOA S
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TABLE 24

PROJECT: 21{10-Sol-680, 74B)
CONTRACT NO: 60-10TC 18-F1I

TEST SECTION: P M. 0.0f tog _P.M.74% ' . . |
STRUCTURAL SECTIONO 06 OGAC.0.33'AC,067 CTB.LOOISM, 100 per matl
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Combining Varjables to Evaluate Pavement Performance

Qur analysis thus far has been a comparison of pavement
performance‘to deflection and asphalt properties on an
individual basis. It is obvious that both Tactors, in
combinations, contribute significantly to the overall
pavement performance. Highter and Harr (8) have found
in their analysis of fatigue-type failures on the AASHO
Road Test and certain airporf investigations that there
is a good relationship between cumu1atfve deflections
and pavement performance., The cumulative deflection is
a2 measure of the destructive factor of a pavement and is
calculated by multiplying the number of equivalent wheel
loads (EWL's) by the average deflection of the pavement
over the same time period. 1In order to analyze the
pavement performance by a system more closely related to
the actual physical behavior of the pavement during its
1ife cycle, asphalt properties should be incorporated
into the analysis.

In reviewing the data from Tables 3 to 24, it was noted
that the asphalt property data after the 1970-72 period
was limited. It was therefore decided to approach this
phase of the study by using the test data compilied from
the Zaca-Wigmore Test Road which was more complete (g).
The enormous amount of test data obtained from this study
contains the needed defiections, traffic 1oadings, asphalt
property information and recorded alligator-type cracking
to evaluate the "destructive factor" concept incorporating
modifications for asphalt properties.

During the early stages of construction on the Zaca-
Wigmore Test Road a series of asphalts were incorporated
into individual test sections on new alignment with a
common structural section (9). An important aspect of
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Lk

the Drojett:waé tﬁat all bf the test sections nad eguiva-
Jent amounts of loading during service 1ife. However,
deflection measurements showed there were differences
between test sections.

The destructive factor was calculated by multipnlying the
number of EWL's for a given observation period by the
average deflection of the travel lane {outer wheel track)
for the same period to produce the cumulative damage
factor in feet. An example of calculations for the
destructive factor is shown helow:

Given:
Time Period: May 1956 to March 1957
Average Deflection: 0.017 inch
EWlL's: 61,042 per month {May 1956 to December 1956)
101,625 per month (January 1957 to March 1957)

Destructive Factor {May 1956 to December 1956)

61,042%;)(0.011) . 3972 feet
Destructive Factor {January 1957 to March 1957)

101,625(3)(0.011) . ,g0 feet
12

Total Destructive Factor 780 feet + 392 feet = 672 feetl

(May 1956 to March 1957)

Table 26 presents the cumulated destructive factor, per-
centage of alligator cracking, recovered core penetration
and ductility for each observation period on nine test
sactions paved during Period 1 over new alignment.
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In order to provide more information on the properties of
the asphalt, the stiffness values at 77°F and 40°F were
calculated by the method of van der Poel (10). A 0.1
second loading time was used in the calculatiaons.

The data used in the computer analysis are shown in Table
27. This incliudes the percent of alligator cracking, the
destructive factor as measured by the cumulative deflection
in feet, the pavement age in months, and the recovered
asphalt penetration and stiffness values at 77°F and 40°F.

The combined analysis is based on the following:

1. The destructive factor causing fatigue of the pavement
as measured by the percent of alligator cracking is best
estimated by the average amount of deflection during any
given period and the number of times the pavement 1is
subjected to this deflection.

f
2. The difference in performance of any given pavement
for the same amount of cumulative deflection is caused by
changes in asphalt properties during pavement service 1ife.

On this basis, the environmental factors and pavement voids
will influence the asphalt properties in a detrimental manner,
and so will cause an influence on the rate of failure as
measured by the percent of alligator cracking. However,

it is not necessary to measure such factors since their
overall effect is on the asphalt properties within the
pavement.
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OﬁAfhe basfé of the above, a computer program involving
a stepwise-multiple regression analysis was performed on
the five variables shown in Table 27 using the following:

Dependent Variable
Col. (1) Percent Alligator Cracking

Independent Variables
Col. (2) Destructive Factor (Cumulative deflection in feet)
Col. (3) Penetration at 77°F of recovered asphalt
Col. (4) Stiffness at 77°F of recovered asphalt
Col. (5) Stiffness at 40°F of recovered asphalt

The results of the computer analyses are shown below:

Percent Alligator Cracking = -2.72 + 0.0013 {(Cumulative
Deflection)

Correlation Coefficient = 0.67

Percent Alligator Cracking = -8.25 + 0.0012 (Cumulative
Deflection + 0.043 (Stiffness at 77°F)
Correlation Coefficient = 0.86

Percent Alligator Cracking = -21.32 + 0.0013 (Cumulative
Deflection) + 0.32 (Penetration at 77°F) + 0.061
(Stiffness at 77°F)

Correlation Coefficient + (.86

Percent Alligator Cracking = -20.95 + 0.0014 {Cumulative
Deflection) + 0.36 (Penetration at 77°F) + 0.079
(stiffness at 77°F) -0.0022 (Stiffness at 40°F)
Correlation Coefficient = 0.87
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TABLE 26

RESULTS FOR VARIOQUS TEST SECTIOMS

wavwlastio.com

Ade Destructive ] Percent Rec. Rec.
Pvt, | Interval Factor Alligator Core Duct.
Code| Source|Per. Mo. Total - Ft. | Cracking Pen-77°F| 77°F
A Shell I 0-5 827 0 125 100+
5-13 1995 0 a1 100+
13-18 2300 4; 60 100+
18-28 2972 0 46 100+
28-36 3717 Q 42 100+
36-41 4302 0.2 40 100+
41-48 5156 0.4 38 100+
48-53 5828 0.9 36 100+
53-65 3088 1.6 32 100+
65-77 11170 4.7 28 100+
77-88 13806 12.8 25 100+
88-101 16674 18.0 22 100+
c Stand.} I 0.5 535 0 125 100+
5«13 1469 0 88 100+
13-18 1736 0 70 100+
18-28 2224 0 46 100+
28-36 2732 0 43 100+
36-41 3122 1.4 41 100+
41-48 3843 1.0 38 100+
48-53 4472 1.4 37 100+
53-65 6434 3.7 33 100+
65-77 9370 7.9 29 100+
77-88 12292 11.1 27 100+
88-101 15639 16.0 24 100+
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" TABLE 26 (con't.)
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Age Destructive | Percent Rec. Rec.
Pvt.} Interval Factor Alligator Core Duct.
Code{ Source |Per, Mo. Total - Ft. | Cracking Pan-77°F| 77°F
- D Goldeni I 0-5 584 0 145 100+
Bear 5-13 1549 0 91 | 100+
13-18 1842 0 77 100+
18-28 2483 0.4 56 100+
28-36 3194 - 51 100+
36-41 3759 1.4 48 100+
47-48 4613 1.5 44 100+
48-53 5263 2.7 42 100+
53-65 7622 1.8 37 100+
65-77 10663 10.1 33 100+
77-88 13413 15.5 29 100+
88-101 16213 22.0 25 100+
E Western I 0-5 535 0 75 100+
5-13 1469 0 33 100+
13-18 1787 0 24 100+
18-28 2519 0.4 18 100+
28-36 3264 8.0 15 100+

36-41 3829 13.0 13 16

41-48 4763 25.0 10 5
F Sunray | I 0-5 535 0 85 100+
Sect.z 5-13 1401 0 57 | 100+
13-18 1630 0.04 46 100+
18~-28 2210 0.1 39 100+

28«36 2820 0.3 35 21

36-41 3288 0.4 33 -

41-48 3929 0.4 31 -

48~53 4536 6.4 29 -
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TABLE 26 (con't.)

Age Nestructive| Percent Rec. Rec.
Pvt.}] Interval Factor Alligator Core Duct.
Code] Source {Per, Mo, Total - Ft. | Cracking Pen-77°F| 77°F
6 Doualag ! 0-5 A86 0 84 82
n e 5-13 1187 0 54 .
13-18 1390 0 42 7
18-28 1848 0 36 -
28-36 2458 1.8 32 12
36-41 2965 2.9 29 -
41-48 3632 1.1 26 -
48-53 4174 9.4 25 8
H Douglas| I g-5% 694 0 110 100+
]ﬂg;ems 5-13 1862 0 62 | 100+
13-18 2180 0 43 100+
18-28 2882 Q 34 100+
28-36 3695 0 33 100+
36-41 4377 0 32 100+
41-48 5445 0 31 100+
48-53 6312 0 30 100+
53-65 9225 0.1 28 100+
65-77 13117 0.5 26 100+
77-88 16268 5.6 25 100+
88-101 19751 26.0 24 100+
101-113 23318 36.0 22 100+
75
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TABLE 26 (con't.)
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Age Destructive | Percent Rec, Rec.
Pvt.l Interval Factor All1igator Core Duct.
Codel Source jPer. Mo. Total - Ft. | Cracking Pen-77°F{ 77°F
J [Macmillan I 0-5 486 0 155 100+
5-13 1303 0 92 100+
13-18 1570 0 66 100+
18-28 2211 0 59 100+
28-36 2990 ) 56 100+
36-41 3497 0 55 100+
41-48 4218 0 52 100+
48-53 4803 0 51 100+
53-65 6587 a 48 100+
65-77 8977 0 45 100+
77-88 10868 0 42 100+
88-101 12849 0 39 100+
101-113 14665 2.4 37 100+
F Sunray | I 0-5 438 0 38 100+
Sect.l 5-13 1177 0 57 100+
13-18 1406 0 46 100+

18-28 1894 0 39 21

28-36 2334 0 35 -

36-41 2646 0 33 -

41-48 3180 0.1 31 -

48-53 3527 - 29 -

53-65 4538 1.5 25 -

65=-77 6245 4.5 22 -

77-88 7906 8.3 19 -

88-101 94955 21.0 17 -

101-113 12030 44.0 14 -
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TABLE 27

DATA FOR REGRESSION ANALYSIS

(1) (2) (3) (4) (5)
Dependent Indep. Indep. Indep. Indep.
%
Alligator Cumulative Penetration Stiffness Stiffnﬁss
Cracking Defl. 77°F kg/cm kg/cme
Ft. 77°F 40°F
Asphalt Asphalt
0.2 4302 40 41 1020
0.4 5156 38 51 1530
0.9 5828 36 61 1650
1.6 3088 32 102 2040
4.7 11170 28 143 2620
12.8 13806 25 184 2856
18.0 16674 22 204 4080
1.4 3122 41 69 1800
1.0 3843 38 77 2000
1.4 4472 37 82 2142
3.7 6434 33 102 2550
7.9 9370 29 112 2958
11.1 12292 27 163 3570
16.0 15639 24 173 4080
1.4 3759 48 41 1326
1.5 4613 44 51 1530
2.7 5263 42 57 1650
1.8 7522 37 a2 2040
19.1 10663 33 1086 2650
15.5 13413 29 130 3080
22.0 16213 25 153 3600
0.4 2519 18 306 4080
8.0 3264 15 408 4590
13.0 3829 13 510 5100
25.0 4763 10 512 6120
0.1 2210 39 71 1400
0.3 2820 35 96 1550
0.4 3288 33 110 1650
0.4 3929 31 130 1750
6.4 4536 29 150 1800
1.8 2438 32 92 1326
2.9 2965 29 102 1428
1.1 3632 26 135 1500
9.4 4174 25 153 1530
0.1 9225 28 143 2142
0.5 13117 28 153 2244
5.6 16268 25 163 2346
26.0 19751 24 184 2448
36.0 23318 22 204 2550
1.5 4538 25 173 1836
4.5 6245 22 194 2040
8.3 7306 19 235 2244
21.0 9955 17 306 2448
44.0 12030 14 490 4080
77
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ﬁHASE TII - EVALUATION OF SYSTEMS TO MINIMIZE REFLECTION
CRACKING

In 1976, an interim report was published on this study that
investigated eight experimental overlav projects utilizing
various systems to minimize reflection cracking (g). The
construction of these projects occurred between the summers
of 1972 and 1974, The projects, listed in Table 2, were
reevaluated since the fall of 1976 and pertinent crack

count summaries for the various projects are shown in Tables
28 through 30.

Project 02-Las-395-29,.8/31.8

This project is located near Doyle, California between

Reno, Mevada and Susanville, California. In 1972, orior to
heing overlaid, the asphalt concrete surface exhibited
extensive map or block cracking throughout. Annual tempera-
ture varijations for this region range from about 20°F to
100°F. Average rainfall is nearly 15 inches per year.

As shown in Table 28, the additional 0.12 foot in thickness
of the AC section has performed better than any other system
used on this project. As of August of 1978 (6 years after
construction), only 2 percent reflection cracking had
occurred. The stress-relieving interlayer systems, hoth
the rubberized (SRI) and the emulsion slurry seal system
(ESS), and the Petroset test section failed hy the summer
of 1975. The control sections adjacent to these test
sections (Sta. 0+00 to Sta. 38+00) were also badly cracked
and for convenience were chip sealed during the fall of
1975. It was concluded that no measurable benefits were
obtained with the stress relieving interlayer systems or
Petroset.
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A surprising result was obtained with the additional tack
coat section known as the Petrolastic test section. This
section performed as well as the Petromat test section
with the only difference in construction being that no
fabric was placed over the heavy 0,30 gaT/yd2 tack coat

of R$-2 emulsion prior to the overlay. However, both
sections, although somewhat better than the adjacent con-
trol sections, would not be considered a success when com-
pared to the additional thickness of AC section.

Our final evaluation after 6 years resulted in the follow-
ana findings: {1} The best performance was achieved with

the additional thickness of AC. Reflection cracking was
approximately 7 percent of the amount for the control
sections. (2) The Petromat test section and the Petrolastic
test section performed about the same and developed approxi-
mately 40 percent to 60 percent of the reflection c¢cracking
of the control sections. (3) No significant benefiis were
achieved using the SRI, ESS, and the Petroset systems to
minimize reflection c¢racking.

Project 03-P1a-80-31.3/33.2

This praject located near Colfax, California, is part of the
Interstate Highway System. Annual temperature variatjons
for this region range from 23°F to 106°F. Average rainfall
is nearly 47 inches per year. This section of roadway was

- constructed in 1959 with a structural section consisting of
0.30 foot AC over 0.67 foot CTB over 0.67 foot subbase.
v In July of 1972, longitudinal and transverse cracks were

visible throughout most of the project and secondary cracking
existed in the outer wheel tracks. The transverse cracks
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were Spacedyat abbut 10 to 20 foot intervals primarily due

to shrinkaqge/thermal cracking of the cement treated base.

The experimental overlay systems were constructed during

July of 1974 (see Table 29). Condition surveys on the
various test sections were made after 35 and 49 months of
service. To date, it is too early to tell if any significant
benefits will be obtained from the various systems. Periodic
inspection of these test sections will continue under a
research project that was established to evaluate the

various types of fabric reinforcement materials.

Project 08-Riv-15-28,09/28.53

This overlay project is located approximately 15 miles south
of Riverside, California, on Interstate 15. Annual tempera-
ture variations for this region range from 23°F to 115°F.
Average rainfall is about 11 inches per year.

This experimental overlay project consisting of: {1) one-
inch AC (control), (2) one-inch AC over Petromat, (3) 0.35
foot AC over Petromat and {(4) 0.35 foot AC (control) was
constructed on September 25, 1972, Alligator cracks less
than 1/8-inch wide were observed in the wheelpaths prior

to placing the overlays (Table 30). Pumping was also noted.

Approximately two years after construction the one-inch AC
control section showed 98 percent reflection alligator
cracking. At the same time the one-inch AC overlay with
Petromat section showed 31 percent reflection cracking.
There was considerébTy less pumping of the fines in the
Petromat test area where the cracks had reflected throuah
than in the control section. This would tend to sub-
stantiate claims that Petromat improves the waterprooting
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qualities of the overlav. After nearly four years, the
amount of reflection cracking showed the one-inch AC

overlay control section to be in worse conditiaon than

it was prior to the overlay in 1972, At this time, the one-
inch AC overlay with Petromat showed 43 percent reflec-

tion alligator cracking, (see Table 30). The one-inch AC
control section was chip sealed during April of 1876.

The last condition survey was made during February of 1977.
Reflection alligator cracking for the oene-inch AC overtay
with Petromat section was 47 percent. A thin aopen-graded
asphalt concrete overlay was placed over the entire

project during the summer of 1978 as part of a maintenance
resurfacing project on Route 15. It should he noted that
the 0.35 foot AC sections (with and without Petromat) showed
no reflection alligator cracking throughout the 1ife of the
project.

Based on the performance of the project, it was estimated
that the use of Petromat extended the service 1ife of the
one-inch AC overlay approximately 3 to 4 years. However,
a comparison of the performance of Petromat plus the one-
inch AC overlay versus the one-inch AC plus additiaonal AC
(approximately equal to the cost of Petromat) was not made.

11-1mp-115-22.0/23.9

wavwlastio.com

This project is located in the Imperial Valley near Brawley,
California, where the climate is hot and dry. Annuail
temperature variations for this region range from 25°F to
120°F. Average rainfall is less than 3 inches per year.
This experimental overlay project consisting of: 0.10 foot
AC over Petromat, 0.20 foot AC over Petromat, 0.20 foot AC
(control), 0.35 foot AC (control), and rubberized chip seal
section was constructed during the fall of 1974. The
condition of the roadway prior to the overlay was badly
alligator cracked and appeared dry and brittle.
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After four years of service, no reflection cracking was
noted on either the Petromat or control sections. In the
rubberized chip seal test section, intermittent to con-
tinuocus alligator cracks were observed throughout the
project. Even though alligator ¢racking was visible
through the chip seal, the rubberized membrane appeared

to seal the surface and hold the badly distressted roadway
together.

It is too early to tell if any significant benefits will
be obtained from the various systems on this project.
Periodic inspection of these test sections will also con-
tinue under a résearch project that was established

to evaluate the various types of fabric reinforcement
materials.

07-LA-1-3.4/8.3

On this project, Petromat was placed during January of 1973
at various locations on the Pacific Coast Highway in the
City of Long Beach, California. Annual temperature varia-
tions for this region range from 33°F to 111°F. Average
rainfall is about 13 inches per year. The pavement prior
to the overlay was old PCC, and AC over old PCC. The
experimental sections on this project consisted of:

Test Section Existing Pavement Experimental System
1 AC aover PCC Petromat + 0.15"' AC
2 AC over PCC Petromat + 0.15"' AC
3 PCC Petromat + 0.20' AC
4 AC over PCC Petromat + 0.15' AC
5 AC over PCC Petromat + 0.15' AC
5 PCC Petromat + 0.20' AC
7 PCC Petromat + 0.10' AC
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After five years, test sections 1, 2, 4 and 5 (existing

pavement AC over PCC) had no significant reflection

cracking, nor were cracks noted in the ad jacent control

sections. Test sections 3 and 6 which were Petromat and

. 0.20 foot AC over old PCC also had no significant cracking
after 5 years. On test section 7, which was 0.10 foot AC
over Petromat placed on PCC transverse and longitudinal
joints, the transverse joints had reflected through after
only one year on both the Petromat section and the control.
section. Five years after construction, longitudinal
raflection cracking was 72 percent in the control section
(no Petromat) and three percent in the Petromat section.

It is too early to tell if any significant benefit will be
obtained from the Petromat throughout most of this project.
Periodic inspection of these test sections will also con-
tinue under a research project established to evaluate the
various types of fabric reinforcement materials.

06-Ker-43-0,1/8.3

This project located near Bakersfield, California, has a
annual temperature range from 25°F to 112°F with an annuali
rainfall of about 6 inches. The existing AC pavement (in
1972) had continuous alligator cracking in both the inner
and outer wheelpaths. Heater-remixing of the existing
pavement plus a Reclamite treatment was performed on this
project prior to the placement of a one-inch AC blanket in
the fall of 1972. Two years later, Reclamite was again
applied to the AC surface of the test sections {0.10 gal/ydz).
In 1976, a chip seal was placed over most of this project
(P.M. 2.00+ to P,M. 9.16%) primarily due to the poor per-
formance of the control section (P.M. 8.11+ to P.M. 9.16%).
1t was noted that the heater-remixing with Reclamite test
section was in reasonably good condition -prior to the place-
ment of the chip seal. An inspection of this project during

»
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thé;fa11lof 1978 showed that the heater-remixing with
Reclamite test section was performing well. Average
alligator cracking in the wheelpaths was only five
percent and patching was less than one percent on the
entire roadway.

An adjacent segment of Route 43 from P.H. 9.50 to P.M.
10.00 (without the heater-remixing and Reclamite treatwment
prior to the one-inch AC blanket in 1972) exhibited aver-
age alligator cracking of 24 percent in the wheelipaths,
and patching covered 36 percent of the roadway.

02-Las-36-25.2+/25.6%

During the fall of 1972, Reclamite was applied as a con-
struction seal to a freshly paved one-inch AC overlay in

the City of Susanville. The application rate was 0.06
gallons per square yard on the 10 feet wide by 2200 feet
long test section, The annual temperature range for this
region is from -20°F to 100°F with an annual rainfall of
nearly 15 inches. After six years of service, approximately
75 percent of the original transverse cracks refiected
through the one-inch AC overlay. Longitudinal reflection
cracking was only about five percent, It was noted that
the reflection cracking in the Reclamite test sections was
similar in extent and severity to the control sections

(no Reclamite). It was therefore concluded that Reclamite
was not effective as a system to minimize reflection cracking.
However, the surface texture of the Reclamite test sections
appeared to have retained considerably more fines than the
contral sections. It was concluded on this nroject that
Reclamite did effectively reduce ravelling of the asphalt
concrete surface.
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05-5L0~7071-8.0/12.2

This project is located in a coastal region of the State,
near Arrovo Grande, California.

During the summer of 1972, a 0.06 foot open-graded AC
overlay was placed prior to placing 0.30 foot dense

graded asphalt concrete {placement of a dense~graded AC
over open-graded AC is termed an "inverted" overlay since
open-graded mixes are generally placed as a surface course),.
The existing pavement prior to the overlays consisted of
both AC and PCC surfaces. The PCC pavement was subsealed
prior to resurfacing, Annual temperature variations for
this areas range from 26°F to 104°F and average rainfall

is about 16 inches per year.

An inspection in the fall of 1978 showed the roadway to be
performing well. Few visible transverse and longitudinai
cracks were noted throughout the project. WNo patching or
alligator cracking was observed. To date, it appears too
early to tell if any significant benefits will be obtained
from the "inverted" system. Experience with overlay design
has shown that 0.40 foot AC overlay has provided good
performance over both AC and PCC pavements. This project
will also continue to be evaluated on a regular basis.

11-5D-78-7.5/15.6

This project is located near Vista, California. Petromat,
Petroset AT and Reclamite were placed in conjunction with
an 0.08 foot maintenance blanket on December 4 and 5, 1972.
The existing 0.33 foot AC surfacing was alligator cracked
with fines pumping through the cracks, the cracks were
generally less than 1/8~inch wide. The temperature varia~
tions for this region range from 26°F to 105°F and the
rainfall is about 11 inches per year.
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Reflection cracking in the control sections {one-inch AC
without Petromat) first started during the spring of 1973.
Sand seals wera applied to the control sections in 1976

and 1977. Cracking first appeared in the six Petromat

test sections during May of 1977. At that time, very fine
isolated longitudinal cracks were observed. During Jdanuary
of 1978, another inspection of tne project was made. Re-
flection cracking in the control sections was 100 percent.
Some rutting and the pumping of fines were noted in both
wheelpaths.

Longitudinal reflection cracking in the Petromat test
sactions averaged only 17 feet per 100 feet of test section.
1t was concluded that the use of Petromat on this project
prolonged the 1ife of the one-inch AC blanket a minimum af
four vears.,

The use of Reclamite and Petroset AT on this project were
shown to be ineffective as systems to minimize reflection
cracking. Both producis did nowever appear to be beneficial
in retaining fines in the surface of the asphalt concrete
pavement.
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APPENDIX A

s History of Pavement Deflection
The California Department of Transportaton has utilized
- deflection measurements for the evaluation of flexible

pavements for nearly 40 years. Until 1954, deflection
measurements were obtained using General Electric travel
gages and a later modification, the Tinear variable dif-
ferential transformer gage. During these early years, the
1imited amount of deflection data available was used to
evaluate distressed flexible pavement sections.

During the WASHO Road Test (1952-1954), a device called
the Benkelman beam was developed which greatly simplified
the method of measuring pavement deflections under wheel
1oadings. The Benkelman beam (Figures 1 and 6, Appendix B)
operates on a simpie-lever arm principle and was first
used by the California Department of Transportation in
1954, From 1954 to 1972, the standard test load used 1in
conjunction with the Benkelman beam was a rear single
axle load of 15,000 pounds. After 1972, the rear axie
Joad was increased to 18,000 pounds. Between 300 and

400 individual defiection measurements can be made 1n

an average work day with the Benkelman beam,

In 1960, an automatic deflection measuring device was
developed by the Transportation Laboratory based on the
Bankelman beam principle. The elactromechanical device,
called the Deflectometer, is a tractor-trailer unit with

a standard single axle load on the rear tires and a carriage
to support probes for measuring pavement deflections under
both dual wheel assemblies simultaneously. During operation,
pavement defiections are measured at approximately 20-foot
intervals and are permanently recorded on chart paper within
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_hthe trai1ér hnit'as the Deflectometer moves steadily along
the pavement surface at about one-half mile per hour. A
newer version Deflectometer was developed in 1967. This
device (Figure 2, Appendix B) is currently the pavement
deflection standard of the California Department of
Transportation. From 1960 to 1972, the standard test load
For the Deflectometer was 15,000 pounds; after 1972, it
was increased to 18,000 pounds. Between 1,500 and 2,000
individual deflection measurements can be made during an
average work day.

In 1965, a commercial manufacturer developed a device
called the Dynaflect that is currently used by the
California Department of Transportation {Figure 3,
Appendix B). The Dynaflect is an electromechanical
system for measuring the dynamic defiection of a pavement
surface produced by an oscillatory load. The device con-
sists of a dynamic force generator together with five
motion sensing geophones mounted on a small trailer. In
test position, the Dynaflect exerts a 1,000 pound peak

to peak oscillatory locad onto the pavement surface through
two rubber covered steel test wheels. The resulting
amplitude of deflection is picked up by the aeophones

and is read on a meter located in the tow vehicle. The
Dynaflect must be in a stopped position to measure pave-
ment deflections,

On occasion, the California Department of Transportation
uses a Dehlen Curvature Meter to determine radius of
curvature values and estimate pavement deflections. This
device consists of a dial gage fixed at the center of a
13-inch aluminum bar (see Fiqure §, Appendix B)., By
placing this device between the dual wheels of a loaded
test vehicle, it is possible to measure the middle
ordinate of a curve having a chord length of 12 inches
in the deflection basin.
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It should be reemphasized that the Deflectometer is the
current deflection standard of the California Department
of Transportation. The Dynaflect, Benkelman beam and
Dehlen Curvature Meter have all been correlated to the
Deflectometer for evaluation purposes. A1l deflection
values in this study are in terms of equivalent Defiec-
tometer (18,000 pound single axle test load).

As a point of interest, correlation studies have also

been made between California's Defiectometer and other
deflection equipment. The model 400 Road Rater, developed
by the Foundation Mechanics, Inc., the Dynaflect owned

by Testing Engineers, Inc., the Cox Deflection Device
developed by Cox and Sons, Inc. and the WES Device
developed by the U.S. Army Corps of Engineers have atl
been correlated with the California Deflectometer (13).
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APPENDIX B

STATE OF CALIFORNiA«~BUSINESS AND TRANSPORTATION AGENCY

DEPARTMENT OF TRANSPORTATION

DIVISION GF CONSTRUCTION
Office of Transportation Laboratory
P. C. Box 19128

Sacramento, California 95819

Pt California Test 356
o January 2, 1981

METHODS OF TEST TO DETERMINE OVERLAY REQUIREMENTS BY
PAVEMENT DEFLECTION MEASUREMENTS

A. SCOPE

Five pavement deflection measuring devices and
the procedures used for determining overlay re-
quirements for existing asphalt concrete roadways
by deflection analyses are described in this test
method. Basically, the method consists of measuring
the total pavement deflection resulting from the ap-
plication of an 18,000 pound (8,200 kg) single axle
load {9,000 pound (4,100 kg) dual wheel load]. The
deflection readings are then compared to previously
determined allowabie limits for a similar structural
section and fraffic volume in terms of equivalent 18,-
000 pound- (8,200 kg) axle loads. Corrective treat-
ment is described as the cover required to reduce the
deflection to a level at which the surface will be
unlikely to fail due to fatigue.

B. EQUIPMENT -

1. Benkeiman Beam. This instrument (Figures 1
and 6) operates on a simple lever arm principle. An
8-foot-long (2.4 m) probe is inserted between the
dual tires [11.00 x 22.5, 12-ply and 70 psi (483 kN/m?)
pressure] of the truck which carries an 18,000 pound
{8,200 kg) single axle test load. As the pavement is
depressed, the bearn pivots around a point of rotation
on the reference beam which rests on the pavement
behind the area of influence, so that the back four-
foot extension of the beam depresses an Ames dial
which records maximum deflection to within 0.001
inch (0.025 mm). While this device is limited to
measurements of total deflecton only for test vehi-
cles operating at creep speed, it has the very impor-
tant advantages of simplicity, versatility, and rapidity
of measurements. Between 300 and 400 individual
deflection measurements can be made in a day with
this device.

2. Deflectorneter. This instrument (Figure 2) is
an automatic deflection measuring device based
upon the Benkelman beam principie. It combines a
tractor-trailer unit which carries an 18,000 pound (8,-
200 kg) single axle test load on the rear tires [11.00 x
22.5, 12-Ply and 70 psi (483 kN/m?) pressure] and
probes for measuring pavement deflection under
both wheels simultaneously. The Deflectometer is an
electro-mechanical instrument capable of measuring

www.fastio.com

pavement deflections at 20 foot (6.1 m) intervals uni-
formly and continuocusly as the vehicle moves steadi-
ly along the road at one half mile (0.8 km) per hour.
The deflections are measured to the nearest 0.001
inch (0.025 mm) by means of a probe arm resting on
the pavement and are permanently recorded on
chart paper. Between 1,500 and 2,000 individuat de-
flection measurements can be made during an aver-
age working day.

3. Dynaflect. This device (Figure 3) is an elec-
tromechanical systern for measuring the dynamic de-
flection of a roadway surface produced by an
oscillatory load. This device consists of a dynamic
force generator together with a motion measuring
instrument, a calibraton unit and a series of five
motion sensing geophones mounted on a small
trailer. The trailer in a stopped position exerts a 1,000
pound (454 kg) peak to peak oscillatory load onto the
pavement surface through two rubber covered steel
test wheels. The resulting amplitude of deflectHon is
picked up by the geophones and is read as a deflec-
tion measurement on a meter located in the tow
vehicle.

4. Road Rater (Mode! 400). This device (Figure
4) is sitnilar to the Dynaflect. When operated at 25
cps with a 350 psi (3.79 MN/m?) hydraulic system
pressure and 0.058 inch (1.47 mm) mass displace-
ment, the Road Rater exerts about a 600 pound (272
kg) peak to peak oscillatory load onto the pavement
surface through iwo steel pads. Motion induced to
the pavement is measured by two transducers. One
is located at the center of loading and the other is out
a distance of 12 inches (0.305 m). Pavement deflec-
tions are read from a meter on the control panel
located in the cab of the vehicle,

8. Dehlen Curvature Meter. This device (Figure
5) consists of a ¥ inch (1.27 em) thick aluminum bar
1% inches (3.81 cm) wide by 13 inches {33.0 cm) long
with supporting feet at 12 inch (30.5 cm) centers and
a0.0005 inch (0.013 mm) dial gage, with 0.05 inch (1.3
mm) travel, fixed at the center of the bar. By placing
this device between the dual wheels of a loaded test
vehicle [18,000 pound (8,200 kg) single axle load and
11.00 x 22.5, 12-ply tires with 70 psi (483 kN/m?2)
pressure], it is possible to measure the middle ordi-
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nate of a curve having a chord length of 12 inches
(30.5 cm) in the deflected basin. A radius of curva-
ture can then be calculated and a deflection meas-
urement estimated.

C. BACKGROUND DATA AND SELECTION OF TEST
SITES

1. Collection of pertinent data on road to be test-
ed- i

a. Determine the existing structural section from
contract records or other sources and note all
variations.

b. Select appropriate Traffic Index.

¢. Study contract files to determine foundation
and drainage conditions and unusual construc-
tion conditions which may have had an effect
upon the performance of the roadway.

9. Preliminary Field Work.

a. Determine nature, extent and limits of the vari-
ous distress levels along with any vertical con-
trols that are present and record on field note
sheets.

b. Select one or more representative test sections
for each change in visual condition or known
change in structural section.

Reference each test section to a known or
easily identifiable point in field. All test sections
should include sufficient sight distance in both
directions. Therefore, if possible, the location of
test sections on horizontal or vertical curves
should be avoided. Each test section should nor-
mally vary from 800 to 1,000 feet (244 to 305 m)
in length and represent 2 centerline lane mile
of roadway.

¢. Obtain representative photographs of each test
section and all localized areas of major distress.

D. FOUR METHODS OF DATA COLLECTION
1. Benkelman Beam—WASHTO Method

a. Bring test vehicle to stopped position at begin-
ning of test section.

b. Position the beam between the duals so that the
probe is 4.5 feet (1.4 m) forward of and perpen-
dicular to the rear axle as shown in Figure 6.

. Activate the vibrator and adjust the Ames dial
to read 0.000 inches.

d. Drive the test vehicle approximately 25 feet
(7.6 m) forward at creep speed and record the
maximum dial reading (D) to the nearest 0.001
inch {0.025 mm).

a. Aftér the dial needle has stabilized, record the
final dial reading (D) to the nearest 0.001 inch
{0.025 mim).

f. Pavement deflection = 2 (Dy) — D&

wanyfastio.com

g.

Repeat this process at 25 foot (7.6 m) intervals
longitudinally along centerline, alternating
between wheel tracks, obtaining two (2) meas-
urements in the outer wheel track for every one
(1) measurement in the inner wheel track
throughout the test section.

. Report the average (mean) and evaluated 80th

percentile (20 percent higher than and 80 per-
cent lower than) deflection level of each wheel
track (refer to Figure 7).

. Deflectometer

Prepare unit for deflection testing and calibrate
to nearest 0.001 inch (0.025 mm).

b. Obtain pavement deflection traces for both

lar]
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wheel tracks at 20 foot (6.1 m) intervals
throughout each test section on the continuous
chart.

. By use of an event marker and by handwritten

notations, indicate on the deflection chart the
beginning and ending of each test section, loca-
tion of cut and £, road connections, post mile
markers, culvert locations, bridges and other
vertical control features, and limits and the ex-
tent of surface distress.

. Read the deflection measurements from the de-

flection traces (Figure 8) to the nearest 0.001
inch (0.025 mm) and tabulate on deflection
data sheets along with any accompanying notes.
Refer to Figure §.

. Calculate and report the average (mean) and

the evaluated 80th percentile (20 percent high-
er than and 80 percent lower than) deflection
levels for both wheel tracks.

For comparison purposes only refer to Figure 16
for Benkelman Beam and Deflectometer.

. Dynaflect

. Set up and prepare unit for deflection testing.
. Calibrate unit.
. Obtain one (1) deflection measurement every

0.01 mile [approximately 53 feet (16 m)] in the
wheel track which exhibits the most distress.
The single No. 1 geophone is sufficient for most
work.

. Obtain a minimum of twenty (20) measure-

ments per test section if possible.

. Record measurements on Dynaflect data sheet

with appropriate multiplier (refer to Figure
10). Also, record information concerning visual
observations of pavement condibon, road or
street intersections, locations of cut and £ill sec-
tions, post mile markers, and vertical control
features.

- Calculate average (mean) and evaluated 80th
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percentile Dynaflect deflection levels and con-
vert to equivalent Deflectometer deflections us-
ing Figure 11.

. For comparison purposes only refer to Figure

12 for Dynaflect and Benkelman Beam.

. Road Rater Model (400}

. Prepare unit for deflection testing.
. Calibrate unit.
. Obtain one (1) deflection measurement every

50 to 200 feet (15 to 61 m) in the wheel track
which exhibits the most distress. The No. 1
transducer, at center of loading, is sufficient for
most work.

. Obtain a minimum of twenty (20) measure-

ments per test section if possible.

. Record pavement deflections and locations of

measurements. Also record information con-
cerning visual observations of pavement condi-
tion, road or street intersections, locations of cut
and fill sections, post mile markers and vertical
control features.

. Calculate average (mean) and evaluated 80th

percentile Road Rater deflection levels and con-
vert to equivalent Deflectometer deflections us-
ing Figure 14,

. Dehlen Curvature Meter

Bring test vehicle [18,000 pound (8,200 kg) sin-
gle axle load on dual wheels] to stopped posi-
tion.

. Insert and center Dehlen Curvature Meter

between one set of dual wheels with bar parallel
to wheels and directly under the axle.

. Record initial Ames dial measurement (d;) to

nearest 0.0001 inch (0.0025 mm).

. Move test vehicle forward approximately 25

feet (7.6 m) at creep speed and record the max-
imum Awmes dial rebound measurement (d¢) to
nearest 0.0001 inch (0.0025 mm).

. Caleulate the radius of curvature (R) under the

influence of the dual wheel load as follows:
R (feet) = 1.5/[de(in.) — d; (in.}]

. Repeat process at 25 foot (7.6 m) intervals lon-

gitudinally along centerline alternating
between wheel tracks, obtaining two (2) meas-
urements in the outer wheel tract for every one
{1) measurement in the inner wheel track
throughout the test section.

. Calculate average (mean) and evaluated 80th

percentile radius of curvature measurements
and convert to equivalent Deflectometer de-
flection levels using either Figure 15 or 16 de-
pending on whether the existing structural
section consists of untreated aggregate base

California Test 356
Januvary 2, 1981

(Figure 15) or cement treated base (Figure 16).
This provides an estimate of the deflection lev-
els,

h. Report equivalent average {mean) and eva-
luated 80th percentile Deflectometer deflec-
tion levels.

E. HAZARDS

Follow the Transportation Laboratory’s “Signing
and Traffic Control Procedures for Slow Moving Test
Vehieles Operating on Highways Open to Public
Use” dated June, 1972. This is a modification of the
signing and traffic control provisions in Figures 5-5,
5-6, and 5-7 of the Traffic Manual.

E. ANALYSIS OF DATA AND SELECTION OF OVERLAY
Repair or Maintenance Treatment

1. For an effective overlay design the following
factors must be considered.

a. Cause of pavement failure.

b. Existing structural section materials.

¢. Deflection magnitude of existing section.

d. Reflection cracking potential.

e. Traffic Index.

f. Tolerable deflection level.

2. Compare the measured evaluated 80th percent-
ile deflection to the tolerable deflection level deter-
mined from Figure 17 for the existing pavement
thickness at the design Traffic Index (T.L).

If the measured evaluated 80th percentile deflec-
Hon is less than the tolerable deflection, and reflec-
tion cracking does not control, no corrective repair
is necessary other than a seal coat or thin AC blanket
to seal cracks or improve appearance and riding
quality.

Figure 18 shows percentage reduction in deflec-
tion obtained with varving increases in gravel
equivalent thickness. This is the basic overlay design
curve which may also be used in conjunction with
Figure 17, “Tolerable Deflection Chart”, to deter-
mine overlay thickness requirements.

3. Use of Overlay Design Chart

a. Enter Figure 19 with the predicted T.I and fol-
low this value vertically to the initial deflection
curve (actual or interpolated) corresponding to
the 80th percentile initial deflection.

b. Read the thickness of AC overlay required off
the vertical scale.

4, The existence of vertical control features such
as curbs and gutters may restrict overlay construc-
tion. In these situations digout repairs may be neces-
sary and the nature of the reconstruction would be
governed by the existing structural section materials.
Where no vertical controls exist, utilization should be
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made of the residual strength of the existing pave-
ment by placing a contact overlay.

5. For some pavements, the magnitude of the ex-
isting deflection level is not a governing criterion for
design. At times the need to eliminate potential re-
flection cracking from the underlying pavement es-
tablishes the AC blanket thickness.

6. Examples

a. Problem No. 1 {Deflections Control)
TI = 9.0
Existing Structural Section:
0.25 £t (7.6 cm) AC
0.50 ft (15.2 cm) AB

Test &0th Percentile
Section Deflection Appearance -
1 0042 in. (1.1 mm) Intermittent to continuocus
small “alligator™ cracking
with isolated rutting.

No vertical controls exist. It is obvious from Figure
17 that the existing deflection level is excessive and
that a major repair is necessary. Enter the graph on
Figure 19 with a T.I. of 9.0, following this value to an
interpolated value 0f0.042 in. (1.1 mm) initial deflec-
Hon. The required thickness of AC overlay is 0.33 ft
{10.1 emj).

Recommend 0.35 £t (10.7 em) of AC Overlay.

b. Problem No. 2 (Reflection Cracking Controls)
TI. = 11.0
Existing Structural Section:
025 ft (7.6 cm) AC
0.50 ft (152 em) Cl1 “A” CTB
1.00 ft (30.4 em) AS
Test 80th Percentile
Sevtion Deflection Appearance

2 0.015 in. (0.38 mm) Intermittent large block and
“map” cracks.

wavwlastio.com

No vertical controls exist. For a T.I of 11.0, the
graph on Figure 17 shows a tolerable deflection of
0.009 in. (0.23 mm) for 0.50 ft (15.2 cm) of CTB. The
measured deflections as well as the appearance of
the pavement is an indication that cracking in the
CTB has progressed to the point where the structural
section is in need of repair. The measured 80th per-
centile deflection value needs to be reduced by the
following amount: (0.015-0.009/0.015) 100 = 40 per-
cent to reach the tolerable level. Entering Figure 18,
a 40 percent reduction in deflection indicates a need
for a 0.40 ft. (122 cm) gravel equivalent increase.
From Figure 20, for a T.I. of 11.0 2 0.20 ft. (6.1 cm)
thickness of AC has a gravel equivalent of 0.34 ft.
(10.4 cm) and a 025 ft. (7.6 cm) thickness of AC has
a gravel equivalent of 0.43 ft. (13.1 cm). Therefore,
a 0.25 ft. (7.6 cm) AC overlay is recommended for
structural adequacy. However, experience has
shown that 025 ft. (7.6 cm) would probably not be
enough to prevent reflection cracking. To minimize
reflecton cracking for AC over CTB, a minimum
thickness of 0.30 ft. (9.1 cm) should be used.

NOTE: At present there is no set method to deter-
mine overlay thicknesses to prevent reflection crack-
ing; however, a rule of thumb generally used is as
follows:

a. The new blanket thickness should be at least
half the thickness of the existing AC pavement
over untreated bases.

b. For PCC pavements or existing AC pavements
over CTB, a minimum overlay thickness of 0.30
ft (9.1 cm) should be used. A lesser overlay
thickness could provide a smooth riding surface,
but will allow existing cracks to reflect through
the overlay prematurely.

Recommended 0.30 ft (9.1 em) AC Overlay.

End of Text (22 pgs) on Calif, 356
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FIGURE 1
BEMKELMAN BEAM WITH TEST TRUCK
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