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" SYNOPSIS

This report represents the results of the first 18
months of the statewide follow-up deflection study. The pri-
mary purpose of this study is the establishment of a tie
between tolerable deflection levels, structural sections and
traffic volumes. On this project 86 separate test sections,
representing 25 different structural sections, are now subject
to yearly deflection measurements, crack surveys, and rut depth
ineasurements. In addition, asphalt concrete cores from each
test section are taken and tested for properties of recovered
asphalt on a biennial basis. The data resulting from two
deflection cycles and one asphalt testing cycle is presented
and analyzed herein.

- This report also presents the results of a continuing
study on the deflection attenuation properties of various road-
wdy materials. This data has, and continues to be accumulated
by way of follow-up deflection measurements on projects subject
to investigation and subsequent reconstruction.

_ A third objective of this study has been an evaluation
of areas of influence of radius of curvature measurements for
evaluation of pavement performance as compared to conventional
lineal deflection measurements. Radius of curvature measure-
ments obtained using thé Dehlen ''cyrvature meter" on a number

of aggregate base and cement treated base projects are compared
with conventional measurements over the same sections.

WA TASTIO (Ii.) N
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INTRODUCTION

The forerunner of this project was initiated on March
12, 1962, under the title ''Statewide Follow-up Deflection Study'
(Auth. #3128). The purpose of the original project was to obtain
deflection measurements over roadways after completion of recon-
struction initially recommended on the basis of a deflection |
study, in order to determine if deflection level was reduced by
the amount predicted. This also provided additional information
on the deflection damping characteristics of various roadway
materials. On May 7, 1964, the scope of the project was en-
larged considerably along with a request for federal partici-
pation. It was propesed that along with a continuation of the
original objective, a new phase be undertaken for the purpose
of establishing a tie between tolerable deflection level,
structural secticn, and traffic volume. The establishment of
this relationship would permit consideration of variation in
traffic loading in overlay design based upon deflection data.
Another part of this project involves the determination and
analysis of area of influence or radius of curvature of flexible
pavement under load and its relationship to performance. This
phase of the study was justified by the contention of many
authorities that pavement performance and condition is more
directly relatable to severity of bending or area of load

~influence than to lineal deflection.

Approval for the enlarged project was obtained on
June 18, 1964, :

Because the aforementioned three phases of this study
are not relatable, they will be treated separately in the body
of this report under the following headings:

I Traffic Index -~ Deflection Study
II Deflectioﬁ Attenﬁation
IITI Radius of Curvature

The purpose of this report, therefore, is to present
the results cbtained after 18 months of operation. This could
properly be considered the third progress report; the first*
being submitted July 29, 1963, prior to the enlargement of the
project and resulting federal participation. A second report¥¥
which contained the available data on deflection attenuation
was prepared in the fall of 1965 for presentation to the High-
way Research Board primarily to describe this department's test
procedure in utilizing deflection test data for the design of
reconstruction of existing roadways.

FProgress Report No. 1 on a Statewide Follow-up Deflection
Study", R. A. Forsyth, July 29, 1963.

#*% "Flexible Pavement Maintenance Requirements as Determined by
Deflection Measurements', Ernest Zube and Raymond Forsyth,
presented to the 45th Annual meeting of the Highway Research
Board, January, 1966. 5 . .
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" FivDings

_:'“fhe data available from the first 18 months of this study
indicate the following trends:

" (1) Inspection of deflection data on new pavements one
to four years of age indicate significant reductions in deflec-
tion occurring during the first three years of service. This
is presumably due to the curing of the AC surfacing and some
additional traffic compaction.

épproximately four years after construction, deflection
levels tend to increase. This is presumably due to the pre-
sence of micro-cracks and changes in the moisture condition

of the structural section.

"'(2) ‘Penetratién tests on thé dsphalt binder recovered

_from cores takenm from 17 projects indicate that aging or hard-
‘ness 1s genérally relatable to percent of air voids and film

thickness. ‘Lack of a clear-cut correlation between these 3

variables indicates the relative importance of other factors
which ‘may irclude crude sourée, AC pavement permeability and
hot plant temperature and mixing time.

o (3) Radius of curvature of the AC surfacing as indicated
by the Dehlen “curvatute meter'' is generally relatable to
lineal deflection. Neither type of measurement demonstrates

a clear-cut'superiority as a predictor of pavement performance.
The curvature meter however does exhibit greater semsitivity
and thus will ‘be subject'to further evaluation.

, (4) The highest benefit in deflection reduction occurs
with relatively thin corrective treatments. The rate of deflec-
tion attenuation tends to diminish as the gravel equivalence of
reconstruction increases even though, in absolute units, de-
flection reduction increases with.gravel equivalence.

~ (5) 1In absolute terms, reduction in defl&dtion resulting
from 'a given corrective treatment is dependent ¢n the initial
deflec¢tion level i.e.; reduction in absolute units ¥f deflection
ie sipnificantly greater for high initial deflection levels
than at low initial deflection levels even though the percent
reduction may be the same in each case. 1It, therefore, -appears
more Trealistic to estimate the reduction in deflection in terms

of percent of imitial deflection rather than absclute units per

inch of reconstruction.

zé)' The reduction in deflection resulting from cement
treatment of an inplace material is somewhat greater than pre-
sently indicated by California Division of Highways gravel

-equivalence factors. - ‘
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1. TRAFFIC INDEX - DEFLECTION STUDY

At the present time this study involves 24 different
projects throughout the State plus a series of streets in the
City of Woodland, California. These roadways have various struc-
tural sections and traffic volumes. A listing of the projects
presently included in the study, their structural sections, design.
Traffic Indices* (T.I.°'s), and deflection ranges are presented by
Table 1. The following criteria have been used in the selection
of the roads and indivxdual test sections:

l. As wide a range in pavement deflection as is practicably
possible.

2. Availability of accurate traffic informationm.

3. As wide a range of structural sections as is practicably
- possible.

4. Roadways which have not been in operatlon more than two
years and presently undistressed.

Selection of projects which satisfy the above criteria
has been extremely difficult. The principal problem has been
locating newly constructed roadways with a wide range of deflec-
tion levels, a portion of which preferably should be well in
excess of existing criteria for the structural section under
consideration. Where suitable deflection ranges have been noted,
the roadway often times has a thin structural section or is very
lightly traveled. It has been nécessary, therefore, to compro-
mise the above criteria in the selection of test roadways. The
evaluation and selection for tests of newly constructed roadways
will undoubtedly continue for at least a year.

The difficulties encountered in the selection of suit-
able test roadways can perhaps best be illustrated by examination
of Table 2 which presents a listing of projects dropped from the
study, with the reasons for elimination. Table 2 does not include
the large number of facilities which were rejected from further
consideration based _upon visual inspection and a certain amount
of deflection scamning.

On each test roadway, 3 to 5 individual sections 1000
in length are selected depending on size of project and number
of lanes. Each section represents a high, medium, and low
deflection area for the project. The field phase consists of

#The lratfic Index (L.1l.) is an exponential function of total
EWL anticipated on the highway between the time construction
is completed and the end of the design pericd. Refer to Calif.
Test Method No. 301-B.

Fw

www . fastio.com


http://www.fastio.com/

yearly pavement deflection measurements with the traveling
deflectometer over each test section during the spring of the
year. .In addition, all distress is carefully mapped and
measurement of rut depths in both wheel tracks is made at 100'
intervals. Once every two years 4" and 12" diameter AC cores
are taken in and between wheel tracks. AC core samples are
tested for: (1) extraction and grading, (2) center point
loading (beams cut from 12" diameter core), (3) water perme-
ability, (4) stability, (5) cohesion, (6) density and % voids,
(7) properties of asphalt binder recovered by the Abson process,
including penetration, ductility and softening point.

8 Traffic information on existing projects is avail-
dble only for the years 1960 and 1963. Information resulting
from the most recent statewide traffic count will be available
in the spring of 1966. Because the majority of the projects
included in this study were constructed between 1962 and 1964,
accumulative ‘annual equivalent 5000 1b. wheel loads will be
based upon projection of the 1963 and 1966 data. On certain
city streets:and county roads special traffic counts will be
necessary in. support of this project.

‘ , Because the 1966 traffic count data was not available
at the time this report was. prepared, no accumulative annual
EWL's will be presented with this report. However, a quali-~
tative appraisal of the traffic volume for each project may be

determined from the design TI information presented by Table I.

Analyses of Data

0 Thé data thus far available from one typical test
gsection from each project is presented graphically by Figures

1 through 24. -

. 3 Examination of all test data thus far available,

including that presented by Table 1 indicates that 10 of the
24 projects currently a part of the TI deflection study have
ranges of deflections in excess of the levels considered critical
for the particular structural sections involved. Also, the
properties of the recovered asphalt binder from 8 projects

" have reached what may be considered critical hardness (pene-
tration of 30 mm or below and ductility of less than 50 cm).
However, only one project (Project No. 1) falls into both the
high deflection and the critical AC categories. Based upon
this data, therefore, we would expect Project No. 1 (03-Col-45)
to manifest early distress. Projects 2, 10, 15, and 21 have,
at the present time, marginal deflection levels and critical

" properties of the recovered asphalt. It would appear that
further examination of the performance of the 24 test roads will

. present an excellent opportunity to determine which variable
' or combinations of variables has the greatest effect on roadway

perforinance.
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Based upon the data available from two deflection runs
and one AC testing cycle, the following general conclusions are
warranted: _

As noted in earlier investigations, a significant
reduction in pavement deflections usually occurs during the
first one to three years of service. This is presumably due
to the effect of traffic compaction and curing of the AC sur-
facing. After this initial period, the level of pavement deflec-
tion remains either unchanged or tends to increase. The cause
of this increase may be due to micro-cracks in the surfacing
which are not readily apparent, or to a gradual increase in
moisture content in the basement soil or structural section as
a result of capillary action. A comparison of the change in
deflection levels between the 1964 and 1965 deflection cycles
indicated that almost without exception, average deflection
diminished for pavements in operation less than three years.
For pavement in service more than four years, a consistent
increase in deflection levels was noted.

A review of deflection data from the 23 test sections
shown by Figures 1 through 23 reveals that for this two year
cycle under consideration, 80% of the pavements in service less
than 3-1/3 years either diminished or remained constant in
deflection levels. 87% of the pavements in service more than
%-1/% years either increased or remained constant in deflection

evels.

Of the 13 projects on which two cycles of rut depth

_measurements have been taken, a slight but consistent increase
‘in rut depth was noted, amounting to an average of 0.005' or

approximately 1/16", Based upon the limited amount of data
available, it appears that there is a slight trend for greater
permanent deformation on those projects with hlgher transient
deflection levels. Thus far, the yearly mapping Jf distress
has yielded only very minor and isolated cracking on two pro=-
jects. This data is not considered significant due to its
isolated nature.

Examination of the test data on reccvered asphalt
by the Abson process confirms the findings of several past
1nvestigat10nssin that penetration from recovered samples
tended to increase with filwm thickness. Also penetration was
found to decrease with an increase in percent of air voids.
However, no clear-cut correlation, even on individual projects,
is shown between the variables of penetration, film thickness
and percent of air voids. These data indicate, therefore that
penetration is significantly affected by other factors which
probably include crude source, permeablllty, hot plant temper-
ature, and mixing time.

wawvw . fast 10.com
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"7 It appears that, ‘based upon the results of subsequent
testing cycles, the fatigue resistance of an AC surfacing as mani-
fested by a function of visible surface distress can be analyzed
by considering the primary variables of penetration of the recovered
AC binder, traffic volume, deflection level, and AC thickness.
This can best be accomplished, in view of the range and volume

of data which will be available, by computer analyses. In
addition, the effect of void ratio, film thickness, crude source
of asphalt, and age of pavement will be related to the prime
variable which appears to best reflect the propensity of an AC
surfacing to fatigue crack, i.e., penetration. Here also com-
puter analyses will be used to determine the relative effect

of each of the secondary variables on the primary.

=10~
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1L DEFLECTION ATTENUATION

Field Procedure

Accumulation of deflection attenuation data has, and
continues to be accomplished, by two methods; the first of which
has been follow-up measurements over projects constructed sub-
sequent to deflection studies. Projects selected specifically
for peculiarities in the structural section also provide a very
important source of attenuation test data. From May, 1960 until
April, 1966, some 100 separate deflection studies of an oper-
ational nature were conducted by the Materials and Research
Department involving deflection measurements and recommendations
for corrective treatment on approximately 300 roadways. A large
portion of this work has been accomplished within the last two
years. As a result of this experience, the Materials and Re-
search Department continues to accumulate a considerable amount
of data on deflection attenuation. A plot reflecting a sum
total of our experience to date with 19 completed projects is
presented by Figure 25. Average percent reduction in deflection
is plotted against increase in inches of gravel equivalence%.
This plot is the basic tool for planning reconstruction of road-
ways based upon deflection measurement since it not only estab-
lishes a general trend in the deflection reduction afforded by
various thicknesses of bases and surfacing but also indicates
the results of specific types of reconstruction on individual
projects. A listing of projects utilized in the formulation of
this plot is presented by Table 4 which also shows the average
percent reduction in deflection level obtained through varying
increase of gravel equivalence*. The data presented by Table 4
and Figure 25 indicates average percent reduction after a curing
period of from three to six months. :

Analyses of Data

www . fastio.com

The data thus far available permits the following
general conclusions: (1) In absclute terms, the reduction in
deflection afforded by a given thickness of material is to a
large extent dependent upon the initial deflection level.

Stated another way, the reduction in absolute units of deflection
resulting from the placement of am AC layer is substantially
greater at high deflection levels than at low deflection levels
even though the percentage reduction might be the same in each
case. It is, therefore, more realistic to estimate deflection

"reduction in terms of per cent of initial deflection rather

than in terms of 0.001" per inch of resurfacing. (2) A signif-
icant reduction in deflection usually occurs during the first
year of operation. This is presumably due to the additional
curing of the asphalt concrete surfacing and traffic compaction.
(3) The most economical recomstruction involves, insofar as is
possible, complete utilization of an existing structural section
even though the surfacing may be badly cracked and spalled.

*The thickness of gravel necessary to produce a load distributing
and soil restraining effect equal to that produced by the slab
action of the thickness of the material being considered. Refer

~to Calif. Test Method No. 301-B.

=11
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(4) The highest rate of deflection reduction occurs with relatively
thin treatments. This rate of attenuation tends to diminish with
an increase in gravel equivalence. (5) The reduction in deflection
resulting from the cement treatment of an in-place material is
somewhat greater than indicated by existing California Division

of Highways' gravel equivalent factors.

e
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I1X. RADIUS OF CURVATURE

Field Procedure

The third area of study involves.the determination
- and analysis of area of influence or radius of curvature of a

- pavement under load, and the relationship of these entities to
pavement performance. It would seem entirely reasonable, as
many authorities contend, that pavement performance and con-

. dition are related more directly to severity of bending or
area of influence than to lineal deflection alone. A proponent
of the "radius of curvature" concept presented a paper at the
International Conference on Flexible Pavement Design at the
University of Michigan in August, 1962, on a new device for
measuring the radius of curvature along with data obtained
from its use. This device, called a curvature meter, is an
aluminum bar approximately one foot in length with an Ames dial
and probe fixed in the center (see Figure 26). By placing it
between the wheels, it is possible to measure the middle
ordinate of a curve, having a chord length of one foot, in the
deflected basin from which a radius of curvature can be calculated.

A device of this design has been fabricated by the
Materials and Research Department and used on a number of projects
in conjunction with conventional measurements. Radius of curva-
ture measurements are also being made on all projects which are
part of the Traffic Index-Deflection study in the hope that more
precise information on the critical radius of curvature may be
'] obtained as these projects begin to show distress.

» ¥

Analvses of Data

The data thus far accumulated are shown graphically
in Figures 27 and 28. In Figure 27, radius of curvature calcu-
lated from curvature meter measurements versus lineal deflection
are plotted for cement treated base construction. The open circles
represent unfailed areas, with the closed dots representing
cracked sections of the roadway from which the measurements were
taken. Although relatively little data is available, it appears
that lineal deflection is the best predictor of cement treated
base performance since there is a clear-cut demarcation between
cracked and uncracked measurements at the 0.012" deflection
level. For radius of curvature, this demarcation is less clear-
cut; however, a critical radius appears to be in the range of
from 500 to 700 feet.

. A similar plot for untreated aggregate base structural
sections is shown by Figure 28. 1In this case, the radius of
curvature appears to be the best forecaster of pavement perfor-

. mance, with a critical radius of curvature of approximately 200
feet. The critical zome for lineal deflection occurs at approx-
imately 0.020%, although there is a considerable overlapping

=13=
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between 0.020" and 0.030". Based upon the limited amount of
data presented by Figures 27 and 28, it would be difficult to
determine whether lineal deflection or radius of curvature
manifests a clear-cut superiority as an indicator of future
pavement performance. Because of it simplicity and compactness,
in addition to its senmsitivity in a very critical zome of the
deflected basin, further evaluations of the instrument will be
made on’projects subject to deflection study.

Attempts made to relate various functions of deflecto-
meter trace shape to pavement condition have so far proved in-
conclusive. This is possibly due to the fact that the zone of

~ ecritical bending is confined to a very small portion of the
 trace, thus reducing sensitivity. :

Fom T
=
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TABLE 2

Projects Eliminated from Study

Structural Date
Dist.-Co.-Rte.~Sec. Section Eliminated

Reason

03-But~1336 0.20' AC 2/18/65 Low T.I. and possibly

- 0.50' AB low
0.50' AsS

deflections

. 03=-Nev-89 0.25' AC 3/1/65 In remote area
0.50' AB subject to freeze-
0.75' AS thaw action.

03-Sac~-50 0.05' OGAC 7/2/64 Low
0.33' AC
0.34' CTB(A)
0.33' " (B)
1.00' as

05-SLO~41 , 0.06' OGAC 2/16/65 Low
- 0.21' AC
0.50' AB
0.67' AS

05-SB-Vand 0.29' AC 2/17/65  Low
0.67" AB
AS

05-5B-1181(4)-CR 0.25" AC 1/22/66 Low
0.67' AB
AS

06-Ker=-43 0.29' AC 1/22/66 Low
0.50' AB
1.21' As

06-Ker-178 ‘ 0.29" AC 3/1/65 Low
0.50' AB
0.92' AS

06-Tul-198 0.29' AC 3/4/65 Low
(Noble Avenue) 0.50' AB
0.75' sel.
Matl.

06-Tul=-63 0.29' AC 3/3/65 Low
0.50' AB
0.54' AS

10-Tuo-120,49 0.25' AC 1/22/66 Low
0.50"' CTB -
0-1.00"' As

*
o
.
(20}
(8]

=
[
L ]
(S,
o
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“TABLE 3

, Maximum Permissible
Thickness of e ' Deflection for
Pavement . Tvpe of Pavement Design Purposes

8-1in. Portland Cement Concrete 0.012-in.
6-in; _ Cement Treated Base | 0.012-in.
o (Surfaced with Bituminous Pavement)
4-in§ | Asphalt Concrete on Gravel Base 0.017-in.
3-in. Bl moooom 0.020-in.
9-in, " " N 0.025-1n,
l-in} _ Road Mix on Gravel Base 0.036-in.
%-in; Surface Treatment ' 0.050-1in.
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