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The performances of three structural sections con~
structed over highly resilient soils are evaluated by
Benkelman beam deflection measurements and by visual
obsexrvations of surface fatigue. The structural
sections were designed to reduce deflections to
tolerable levels. Deflection measurements were
made at various stages of construction and annually
over a ten year period after construction. All
three structural sections resisted surface fatigue
satisfactorily even though deflection measurements
were higher than the design maximum deflections.

The effects of moisture content and temperature
conditions on deflection measurements are also
discussed.
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INTRODUCTION

In 1949 the Materials and Research Department published a report
by F. N. Hveem and R. M. Carmanyl which presented the basis for
our present flexible pavement design procedures. This report
recognized the importance of plastic deformation and finding a
solution to the problem of fatigue action caused by the flexing
of more or less rigid slabs over resilient foundations. This
study is co%cerned with the latter problem. A later report by

F. N. Hveem* offered the following three solutions for preventing
fatigue fallures: Provide a pavement that is sufficiently
flexible to accommodate repeated substantial vertical deflections
without serious cracking; decrease the magnitude of the vertical
deflections to a tolerable amount by providing greater stiffness -
with greater depths of granular bases and subbases under the
pavement; oxr provide a pavement with a slab strength sufficient
to sustain the forces induced by traffic which cause cracking.

In order to evaluate the capability of various structural sections
to reduce surface deflections, a local road, constructed with
three different structural sections over highly resilient soils,
was used as 8 test road. ' '

The primary objectives of thils study were:

l. To determine the reduction in deflection achieved by adding
layers of various materials to the structural section.

2. To determine the range of deflections that could be expected
- on the existing roadway at various times during the year.

3. To determine the time required for a cement treated base
section to cure sufficiently to reduce deflection.

4. To investigate the adequacy of our present criteria for
maximum permissible deflections of various structural
sections.

Other objectives were formed after the project was underway.
These objectives were:

l. To determine the effect of temperature on deflection
- measurements.

2. To compare the performance of high quality and low
quality CTB. :
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CONCLUSTONS

The performance of each of the test sections was observed and
deflection measurements were made annually from 1959 to 1969.
It was: estlmated that by 1968 the traffic had reached the
10,000,000 EWL's for which the road was designed. Based on
this 1nformat10n, the following conclusions are made:

1.

wavw fas

The deflections were reduced as each layer of structural
section was added. The average percent reductions for each
additional layer of material based on the last reading on
the immediate underlying layer are shown in Table XI1II.

The actual deflection reductions agree reasonably well with
thé expected reductions.

The average deflections of individual test sections on the
original road varied from 0.037'" to 0.087". There was also

a seasonal variation in the deflections. -The largest deflec-
tions occurred during the spring and apparently resulted from
hlgh moisture contents in the base and underlying soil.

The cement treated base layer gained most of its resistance
to deflection within four days after being placed.

The performance of the test sections is exceeding the per-
formance predicted by current California deflection design
criteria. These criteria, however, were established from
many projects on a Statewide basis. Many of these projects
had poorer performance than El Centro Road. It appears that
other factors need to be considered, along with deflectlon, to
accurately predict pavement performance.

Temperature directly affected deflection readings. The
deflections on the ACB sections changed about 0.0005" for
each 1OF of change in 5 day average mean temperature. The
temperature had less influence on the deflections of the
cement treated base and aggregate base sections than it did
on the deflections of the asphalt concrete base sections.

Sufficient traffic has not been carried by El1 Centro Road
to induce failures in any of the sections. Therefore, no
comparison can be made, at this time, between the perfor-
mance of high strength and low strength cement treated base.

In order to fully meet the objectives of this study, the
performance of this test road needs to be evaluated yearly
until failures occur.

[ro.com
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GENERAL PROJECT DESCRIPTION

The portion of State Route 99, which is located in Sacramento
County between the Garden Highway and the Sutter County line,
was selected for this study for several reasons. Convenient
accessibility from the Materials and Research Department, high
deflections on the existing roadway, and the need for major
reconstruction because of the poor condition of the road and

‘the rapidly increasing volume of traffic made this road ideally

suited,

This portion of Route 99, known locally as El Centro Road,
served as a direct connection between Sacramento and Marysville
until 1968. With the completion of Interstate 5 between.Sacra-
mento and the Sacramento Metropolitan Airport, portions of the
test road were no longer subjected to heavy traffic.

The road traverses low farmland which has an average annual
rainfall of about 18 inches. Much of the area is flood irri-
gated and there are deep drainage ditches parallel to the
road on both sides throughout much of its length. Photographs
of the reconstructed road are shown in Figure 1.

At the time El Centro Road was adopted into the state highway
system, the structural section consisted of approximately 3/4"
armor coat surfacing, 6" of aggregate base material (sand and
gravel) and 9" of imported subbase material (sand). Native

soils in the area are poor quality clay having R-values as low

as 3. El Centro Road was constructed by Sacramento County between
1949 and 1953 and no major improvements had been made prior

to the time of the reconstruction in 1959 and 1960. Sampling
and testing of the in-place materials indicated that the R~values
and resilience characteristics of the native soils, imported
subbase and aggregate base were reasonably uniform throughout

the length of the test sections. Test results for each existing
material are summarized in Tables I, II and III.

Prior to reconstruction, this road was in poor condition due
to insufficient cover over the low quality basement soil. The
traveled way was cracked, deformed and costly to maintain.
Many deflection measurements, taken on the existing road, were
quite large.

As plans were being made to reconstruct E1l Centro Road to meet
the increasing traffic demands, it was decided to try three
different structural designs to determine which type would be
the most effective in reducing high deflections. The basic

.difference in the sections was the type of base used.

-3
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" Based on the 1957 California design method, a traffic volume of

10,000,000 EWL was estimated for the 1960 to 1970 design life
of the new construction. Projections of truck counts made in
1959 and 1963 indicate that the design EWL was reached in 1968.

STRUCTURAL SECTIONS AND MATERIALS

The test sections discussed in this report were constructed
under two separate contracts. The limits of each structural
section and the location of each test section are shown in Figure
2. Each of the three structural sections are also shown and
identified according to the type of base used. Throughout the
remainder of this report the designations CTB, ACB and AB will

be used to identify the structural section containing cement
treaged base, asphalt concrete base and aggregate base, respec-
tively. '

Samples taken during construction indicate that the materials
placed in the roadway generally conformed to the specifications
and the project was constructed substantially as planned. A
summary of test results of materials sampled by construction
personnel during construction are given in Tables IV through VIII.

Wiy faslio.com

Cement?Treated Base Section

The structural section consisting of 1/2" of open graded AC,

3" of ‘AC, and 8" of Class 'A" CTB was constructed in 1959 under
contrdact 60-3TC20. The limits of this contract are between
Stations 7+40 and 315+00.

Mineral aggregate for the CTB was obtained from Cache Creek
near Woodland and conformed to the 1954 California Standard
Specifications for one inch maximum Class '"A" CTB.

Four percent cement and seven percent mixing water were used.
This mixture was designed to meet the laboratory compressive
strength requirement of 650 psi at seven days.

The mineral aggregate for CTB was deposited on the roadway
with dump trucks and a motor grader was used to blade the:
material into windrows. Cement was then distributed on the
windrow by truck and the material was mixed by two Pettibone-
Wood traveling pug mixers. The mixed material was spread by a
motor grader over the existing roadway in one eight inch 1lift
and compacted with a three wheel steel roller and a pneumatic
roller. Public traffic was allowed on the CTB as soon as a
curing seal and sand cover could be placed on the compacted
material. ‘
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Forty compressive strength specimens were fabricated during
construction, Almost one third of thesge Specimens failed to

psi. Generally, however, the strengths were only slightly below
the 650 psi requirement and none of these low Strengths were
within the planned test sections. The four specimens taken between
Stations 209450 and 212+80 (see Table IV) represent an area

compressive strengths of gll four of these specimens were far
below the required strength. A summary of the compressive
strength tests is given in Table 1V. .

The two lifts of Type "B" AC and the 1/2" of open graded Ac

were placed with a Barber Greene paving machine and compacted
with a two wheel stee] roller. The AC mix generally conformed to
the 1954 California Standard Specifications for Type "B', 3/4"
maximum, with the exception that the material was slightly finer
than specified in the sand sizes. All of the samples tested

met the 35 minimum stability requirement, The material was

mixed with 5.5 percent of 85-100 penetration paving asphalt,

See Table V for a summary of tests. Out of 57 samples of asphalt
tested, three were slightly out of specifications on the flash
test and one was slightly out on penetration. ‘

Asnhalt_Concrete Base Section

The structural section consisting of 1/2" open graded AC, 3"
AC, 3" ACB and 6" AB was constructed in 1960 under contract

61-3TC9. The limits of this structural Section are between

Stations 360400 and 444400 (see Figure 2).

The aggregate base material was obtained from Cache Creek near
Woodland. Only three samples of the bage material from thig
section were tested during construction. Each sample met the
grading requirements, but one failed to meet the R-value
requirement ‘and all three sand equivalents were below the ,
specification requirements. Thege data and the aggregate base
data for the AB section are summarized in Table VI. The AB

steel roller and trimming to finished grade was done with a
motor grader.,

The three inch asphalt concrete base course was spread and com-
pacted in one 1lift. The aggregate conformed to the 1960

California Standard Specification requirements for 1-1/2 inch
maximum base course, Five and one half percent of 85-100

~5a
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penetration asphalt was used. Although five of six samples
taken during construction showed the grading to be slightly out
of specifications, all of the stabilometer values were well
above the 35 minimum. See Table VII. .

The asphalt concrete surface was placed in two 1-1/2 inch lifts
with a Cedar Rapids paving machine and compacted with a two wheel
steel roller. Five and one half percent of 85-100 penetration
asphalt was used in the mix. The gradings on four of the six
samples tested were slightly out of specifications but the
stabilometer values were at or above the 35 minimum required.
These data are included in Table VIII. Tests on 42 asphalt
samples showed eleven to be slightly out of specifications for
penetration and two out of specifications for the flash test.

Tests on the open graded asphalt showed one sample toO be slightly
out o?_;he grading specifications.

Aggregate Base Section

This section was also constructed in 1960 under contract 61-3TC9.
The structural section consisted of 1/2' open graded AC, 3" AC
ard 12" AB. The limits of this section are between Stations
315400 and 360400 and between Stations 444+00 and 484+09.

The aggregate base material was the same as was used in the
ACB section and the manner of spreading and compacting was
similar except that it was placed in two 1ifts. Tests on 11
samples taken during construction indicated that three were
out of grading and R-values were low on two. Three of the
samples were also low on the sand equivalent test. These data
are included in the summary in Table VI. '

The asphalt concrete was the same as that used in the surface
course of the ACB section. Tests on samples taken within this
section also showed all of the stabilometer values to be well
above the minimum required, but again the gradings were slightly
out of specifications on three of the four samples tested.

These data are included in Table VIII.

TEST SECTIONS

A total of twelve test sections were selected within the 1imits
of the described structural sections.and the 1imits are 1listed

below. Test Section 2 was not incorporated into the study until
after the CTIB was placed. This was the prgviously described

area where the cement and aggregate were mixed with a motor
grader. It was felt that this test section would provide a

comparison between good and low quality CTB.

-6-
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Test Section Base Type Station Limits Lane

1 CTB. 101+17 to 106+17 NB

2 "o 209+00 to 217400 SB

3 "o 235400 to 240400 NB

4 " 278400 to 283400  NB

5 " o 303400 to 308+00 SB

' 6 ACB . 369400 to 374+00 - NB
. 7 " 395400 to 400400  NB
e n 409425 to 414+25 . SB

9 " 435400 to 440400 NB

10 AB 321400 to 326+00 B

11 " 342430 to 352430  SB

2 466+00 to 471400  SB

TESTING PROGRAM

To evaluate the capability of each of the three structural
sections to reduce surface deflections over highly resilient
soils and also to determine the effect of each layer of material
within the structural section, the following testing program
was adopted: ‘

l. Test sections were laid out and referenced so that each
subsequent series of deflection tests would be made at
the same locations.

2. Deflection measurements were made on the existing

' roadway at various times during the year prior to
reconstruction.

3. Deflections measurements were made as each layer of
the new structural section was completed.

4. Déflection measurements were made on the CTB layer at
‘periodic intervals prior to adding the AC surface,

5. Deflection measurements were made periodically on the
completed roadway.

7=
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Weather conditions, availability of equipment and personnel,
the contractors operations, and weekend delays hindered the
proposed testing program in some instances, but for the most
part the preceding schedule was followed.

The deflection measurements taken from 1959 to 1967 inclusive
were made with the Benkelman beam. This instrument consists
of an eight foot long probe which is inserted between the
dual tires (11.00 x 22.5, 1l2-ply and 70 psi pressure) of a
truck which carries a 15,000 pound single axle test load.

The deflection measurements taken during 1968 and 1969 were
made with a traveling deflectometer, This instrument is an
automatic deflection measuring device with a single axle

load of 15,000 pounds and dual tires (11.0 x 22.5, 1Z-ply

and 70 psi pressure) between which a probe is inserted. The
traveling deflectometer readings were converted to Benkelman
beam values since there is a difference in the tire configura-
tion and location of reference to the deflection basin for the
two test vehicles.

A third deflection measuring device, a Dehlen ''curvature
meter', was used on.this road although not in this particular
research project. This device consists of a 1/2" thick
aluminum bar which is 1-1/2'" wide and 13" long. The bar has
supporting feet at 12" centers and a dial gage at its center.
After placing this device between the wheels of the truck
described for use with the Benkelman beam, a radius of curva-
ture can be calculated by treating the dial reading as the
distance between the cernters of an arc and a chord.

ANALYSIS OF. DATA

In order to simplify the analysis and presentation of data

in this study, only deflection measurements of the outer
wheel ‘track are reported. Deflection readings were generally
higher in the outer wheel track than in the inner wheel track
of the existing road before reconstruction; however, the de-
flections were about equal on the completed new road. Table IX
is included to show typical examples of inner and outer wheel
track deflections.

Defledtibns versus Season of the Year

Three series of deflection readings, at different times of

the year, were made on test sections 6 through 12 before the
road was reconstructed. These data, presented in graph form

in Figure 3, indicate a definite trend of deflection variations

-8-
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at the different times of the year. All of the sections tested
show a substantial increase in deflection during the spring of
the year. No Spring measurements were made in Section 11.

Moisture samples were taken from each layer of material within.
the test sections in an effort to correlate the variations in
deflection with differences in the percent of moisture. A
direct correlation was not possible for two reasons. .First,

no deflection readings were taken at the exact location of the
moisture samples and secondly, the moisture content was found
to vary not only from location to location but within the

layer of material at any one location. It wag possible, however,
to establish a trend. By averaging all of the moisture values
within each layer, it was established that the moisture content
of each layer was highest during the spring when the deflection
readings were highest. The average molsture contents of each
material are shown in Figure 4.

Deflection Reduction

As each subsequent layer of the new structural section was
added, deflection meéasurements were made. Thesge readings are
plotted in Figures 5 through 14 to show the decreases in
deflections brought about by each layer. Because of the wide
variations in deflection on  the existing road, only the de-
flections taken immediately before reconstruction are shown.

Each individual reading is plotted in Figures 5 through 14

to show the effects of the subsequent layers on areas of
varying deflections. Local high deflections in the finished
roadway correspond with high deflection areas through each
phase of construction and reflect the areas of higher deflec-
tion in the existing road prior to reconstruction. The-
average deflections are also shown.

Test Sections 4, 6, and 11, plotted respectively in Figures 6,
8 and 13, will be discussed in detail. Each of these three
sections is representative of one of the structural sections
and each was placed over areas of approximately equal deflec-
tions. . :

CTB Section:
The average deflection readings for Test Section 4 (Figure 6)
are substantially reduced by the completed Structural section.

It should be noted, however, that the average deflection of
the completed roadway just meets the design maximum pavement
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Deflection readings were .taken on the untreated CTIB aggregate
after it had been spread and compacted to approximately 90%
relative compaction. The average deflection value of this
layer of material compares with similar layers of aggregate
base material in the othex sections.

Deflection readings were made on the CTB in Section 4 approxi-
mately three hours and 18 hours after the material was mixed.
The wet, freshly mixed and compacted CTB showed very high
deflections but by the time the mix was 18 hours old, the

average deflection dropped to .023 inch.

Deflection readings were made on the CTB after various curing
periods. Data from several test sections are compiled in
Figure 15. The average deflections plotted against the curing
time prior to testing indicate that the CTB develops most of
its resistance to deflection within approximately four days
after being placed.

The subsequent layers of asphalt concrete each resulted in
significant reductions in the average deflection, but the
eight inches of cement treated base was responsible for most
of the: total decrease.

Four days after deflection measurements were first taken on
1-1/2" of AC overlying 8" of CTB in Test Section 4, a second
set of deflection measurements were taken. The average deflec-
tion of the second set was..004" less than the average deflec~
tion of the first set. The additional compaction of the AC

by public traffic is apparently responsible for this reduction
in deflections.

ACB Section:

The average deflection readings for these sections are sub~
stantially reduced by the completion of the structural section.
Each subsequent layer of base, asphalt concrete base and
asphalt surfacing resulted in decreases in deflection.

1f the asphalt concrete base material were assumed to be asphalt
surfacing, a maximum allowable deflection of 0.01l1" is ocbtained
from our design criteria. Deflections of 0.019" to 0.026" were
observed on the four ACB test sections which had no apparent
failures. -

AB Section:

The aﬁerage'deflection of Test Section 11 (?igure 13) was re-
duced from .062" before reconstruction to .021'' when the new

structural section was completed. This .021" deflectiom does

-10-
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not ‘meet the design maximum deflection of .017". The other
two AB test sections 10 and 12, had average deflection readings
of 015" and .019" reSpectively.

‘The second six inch layer of aggregate base in’ Sectlon ‘11 did

not reduce the average deflections by ‘any great amount, but it
did result in some decrease and, possibly of greater importance,
it apparently reduced the varlation between individual readings

“w1th1n the sectlon. This 1s also shown in Test Section 10

All Sectlons.

Table XIII lists the average deflection reduction caused by
the addition of each layer of material for each type of
structural section. They compare favorably with the expected
deflection reduction’/ in most cases. Generally, the actual

- reductions are less than the expected reductions but are within

the range usually experienced when establishing field correlations.
The expected deflection reductions are based on statewide
experience on many projects and the El Centro Road reconstruction
gave results on one s1de of the spectrum of results from all

the progects.

Max1mum Tolerable Deflectlons _

The maximum tolerable deflections are compared with the first
latest and highest deflection readings on the completed roadway.
The lack of distress in the test sections and the fact that most
of the measured deflections exceed the tolerable limits would
indicate that the deflection limits may be conservative. However,
there are several reasons why these sections are performing better
than would be expected from the deflection measurements alone.

Interim reportsd,9 on another research project conducted to
evaluate our present deflection criteria have included data ob-
tained from this test road. ' Tests performed on asphalt recovered
from cores taken from several of the test sections in 1968 showed
that the ductility was greater than 100 centimeters at 77°F.

This suggests that the asphalt binder has not yet reached a
critical state. Fatigue cracking of the AC surfacing may not
occur until the ductility of the asphalt binder decreases signi-
ficantly.

Water permeability tests were performed on the AC surfaclng over-
lying the CTB sections four days after completion. The water
permeability of thée AC averaged 96 milliliters per minute and
ranged from 30 to 205 with only 2 out of 36 results greater

than 150. These results are well within the tentative limit

of 150 milliliters per minute established” to indicate a well
compacted AC with a low void content. This low void content,
which minimizes the entrance of air and water into the AC, may
explain why the asphalt binder has retained a relatively high
ductility, .

-11-
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' statewide experience indicates that during the first year of

service an additional deflection reduction of about 25% will

be realized due to traffic densification of the pavement and

age hardening of the asphalt binder. However, on 10 out of 12
test-sections on this project the deflections increased slightly
after 6 months under traffic. This may be explained by the fact
that public traffic was carried through this project during
construction and most of the densification due to traffic had
already taken place by the time the pavement was completed.
Also, the age hardening of the asphalt binder has not progressed
at the normally experienced rate,

Radius- of curvature measurements were obtained with a Dehlen
"curvature meter'" on these test sections. Large radii of curva-
ture which averaged 3825 feet for CTB, 457 feet for AB and 667
feet with two anomalous readings of 15,000 feet for ACB sections.
These radii are not considered critical for any of the three types

of structural sections. -

From the above discussion, it is concluded that deflection
level alone is mot a good predictor of pavement performance
for this test road. The tolerable deflection levels may be
too conservative, particularlg gor thick asphalt concrete
layers. Research is underway?»” to reevaluate our present
deflection criteria. o

Effects of Temperature Variation

Deflection readings were taken on an annual basis after comple-
tion of the reconstruction work. The average deflections for
each series of tests through January 1969 are shown in Figures
16 through 27. _

It is ébvious that there is a significant variation in the
average deflection readings from year to year. The first
assumption was that the varying moisture content of the base,

- subbase and underlying soils was possibly responsible. Since

moisture contents had not been measured, an attempt was made

to correlate deflection variations with rainfall. A study

was made of the total season rainfall to the time of the deflec-
tion measurements and the total rainfall during the one month
and three month periods immediately prior to deflection
measurements, but no correlation could be found. This could,

in part, have resulted from the influence which crop irrigation
had on moisture content., A summary of monthly rainfall totals
from January 1959 through December 1968 is shown in Table X.

A cloS§r_160k‘at.the deflection data showed that there was
considerably more variation in the ACB sections than in either
the CTB or AB sections. This greater variation could have

4
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resulted from softening of the AC base and surfacing as the
temperature increased and stiffening of the AC as the temper-
ature decreased. A shortage of data regarding pavement
temperature resulted in an investigation which compared air
temperature to deflection measurements. 1In a report by
Southgate and Deen8, it is suggested that the average mean
daily temperatures for a five day period are related to
pavement temperature on the day following that period, and
furthermore, that the pavement temperature is related to
deflection measurements. The implication is therein established
that the mean daily temperature alone might be related to
deflection measurements. ' '

Monthly weather records for Sacramento, published by the

U.S. Weather Bureau, were consulted for mean daily temper-
atures on the days of deflection measurements and for five
days immediately preceding. An abbreviated summary of daily
mean temperatures is shown in Table XI. A comparison of the
average mean daily temperatures for the indicated five day
periods with deflection measurements demonstrates a definite
correlation. This correlation for the ACB test sections has

a confidence level above 99% as indicated in Table XII which
shows the F-ratio of the correlation being greater than that
of the 99% confidence level. The F-ratio is the ratio between
the variation in deflection due to temperature and variation
from other sources. The CTB and AB sections confidence levels
are not that high; temperature had less influence on deflection
measurements of these sections. The deflection measurements - .
for the ACB sections are plotted against the corresponding
five day average mean temperature in Figure 28,

Low Quality Cement Treated Base

The low quality CTB provided weaker compressive strength
specimens -and less resistance to deflection. Surface cracking,
which is sometimes an indicator of pavement performance, was less
severe on the section with poor quality CTB than on the other
CTB sections. Weak CTB sometimes has a tendency to develop
smaller cracks in greater quantity than strong CTB. These
smaller cracks are less likely to appear on the surface of the
AC than large cracks. Because neither the good nor the poor '
quality CTB failed, a meaningful comparison is difficult.

IMPLEMENTATION

The first objective of this study, as stated in the introduction,
was to determine the reduction in deflection achieved by adding
layers of various materials to the structural section. - The
systematic deflection measurements taken during the reconstruc-
tion of El Centro Road proved to be of much value in establishing

-13-
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deflection attenuation values for various materials.4?5 Based
on findings in the above referenced reports, a test method

was developed to determine overlayka9d maintenance requirements
by pavement deflection measurements.

Another objective was to investigate the adequacy of the present
criteria for makimum permissible deflections of various struc-
tural sections for design purposes. This was to be done by
correlating pavement deflections with visible cracking or
distress. Even though most of the average deflection values

of the test sections were slightly above the maximum limits,

no distress developed. The lack of distress in these test
sections indicates that the deflection limits may be conser-
vative; however, the deflection limits were established from
data on many projects which indicate otherwise. The current re-
search project "Statewide Flexible Pavement Performance and
Deflection Study', HPR Item D-5-5, is in progress to evaluate
California's present deflection criteria.

The five day average of mean temperatures correlates well
with the deflection measurements on the sixth day. Based on
these data, it appears that further research should be con-
ducted to determine the effects of temperature on deflection.

The‘pétforﬁance of this roadway will be evaluated yearly until
failures occur. This will provide much valuable information
anddshOuld enable us to fully meet the objectives of this
study. ' ,

-1l

ChihPDF - www.fastio.com


http://www.fastio.com/

ClihPDF

REFERENCES

Hveem, F. N. and Carmany, R. M., "The Factors Underlying
the Rational Design of Pavement,'" Proceedings, Highway
Research Board, pp. 101-136, Vol. 28, 1948,

Hveem, F.JN., "Pavement Deflections and Fatigue Failures,"
Highway Research Board Bulletin 114, pp. 43-87, 1955,

Beaton, J. L., Zube, E. and Forsyth, R. A., '"Field
Application of the Resilience Design Procedure for
Flexible Pavement,' Proceedings, Second International
Conference on the Strictural Design of Asphalt Pave-
ments, Ann Arbor, Michigan, pp. 355-366, 1967.

Zube, E. and Forsyth, R. A., '"Pavement Deflection o
Research and Operations Since 1938," State of Californmia,
Department of Public Works, Division of Highways,
Materials and Research Department, April, 1966,

Zube, E., Forsyth, R. A and Hannon, J., "Interim Report
on Statewide Follow-up Deflection Study of Overlays and
Roadway Reconstruction,' State of California, Department
of Public Works, Division of Highways, Materials and
Research Department, August, 1966.

Zube, E., Forsyth, R. A, Tueller, D., and Hannon, J.,
"Interim Report on Statewide Flexible Pavement Per-
formance and Deflection Study,’” State of California,
Department of Public Works, Division of Highways,
Materials and Research Department, December, 1968.

State of California, Department of Public Works,
Division of Highways, Materials Manual, Vol. I, Test
Method No. Calif. 356"An .

Southgate, H. F., and Deen, R. C., "Temperature Distri-
bution Within Asphalt Pavements and its Relationship to
Pavement Deflections," Commonwealth of Kentucky, Department
of Highways, Division of Research, June, 1968.

. Zube, E., ''Compaction Studies of Asphalt Concrete

Pavements as Related to the Water Permeability Test,'
Highway Research Board Bulletin 358, pp. 12-37, 1962.

© -15-

- www.fastio.com


http://www.fastio.com/

ClihPDF

TABLE I

Summary of Test Results on the
Existing Basement Soil

' Grading
Station SE

Pl R-value Resilience¥
323+10 99 99 75 6 19 6 High
342400 . 99 92 33 3 25 8 High
350430 100 99 85 5 38 3 High
351+80° 100 99 92 5 34 7 High
373+30. 100 99 86 4 21 6 . High
397+35f_' 100 97 78 6 19 9 High
411490 - 82 76 62 6 18 8 High
437+70 100 95 62 9 12 15  High

438470 - ~ 100 96 72 5 19 13. High
467+60 100 96 61 8 17 3 High

% A criteria developed in the Pavement Section of the Materials

and Research Department to classify the rebound characteristics

of different.materials.
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TABLE 1I

Summary of Test Results on the Existing
Imported Subbase Material

 Station 3747 #4Gra;§38""¥205 SE___ R-value Resilience
323+10 100 96 14 47 72 Low
342400 100 98 23 3 44 71 Low
350+30 99 98 94 16 33 72 Low
351+80 100 97 16 39 75 Low
373+30 100 98 18 29 71 Low
392435 100 96 17 32 4 Low
411+90 100 68 20 26 74 Low
438470 99 97 73 27 56 77 Low
467+60 00 67 15 40 72 Low
-17-
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Summa:y'of‘Téét‘RESulfé on' the Existing

g !
A i

" TABLE 1II

Lk o
A
CER L

Aggregate Base Material

Statidn.

Gradin

=172

3/4"

5_.. ‘ f””‘

SE

.RrValue

Resilience

323410
350+30
| 373430
411490
436470
467+60
Unkpowa
"
"

100
100
100

100

100

100

100
100
100
100

83
71

71

77

80

86

67

68

70

g

46
35
37
47
50
67

.34

32
39

e

7

6
6
13
13
14

s 0N

54
44
54
23
23
30
43

45

27

56

79
79
79
77
72
77
78
77
78
78

Low
Low
Low
Low
Low
Low
Low
Low
Low

Low
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 TABLE

v

Summary of Test Results on the
Cement Treated Base (Class "A")
Planned Cement Content of 4%

Contract 60-3TC20

Compr. Str.

psi at 7 days

(Spec. 650 psi

Compr. SEtr.

psi at 7 days
(Spec. 650 psi

Station at 7 days Remarks - Station’ at 7 days Remarks
" 32 640 195 832
" 528 " 704
52 1168 " 512
" 960 " 400
40 1232 8 day break | 209+50 496 Blade
" 1040 " 210460 304 Mixed
60 544 " 211470 256 Section
" 448 o 212480 224 n
98 640 220 1216
" 656 224 2000
105 816 10 day break | 258 1040
n 656 " 259 944
129+75 784 "
" 656 " 268 1552
: " 1409
158 608 288 1040
_ 480 " 1008
186 752 262 1040
188 688 " 944
208 800 '
- 209 1072 297 848
" 720

- www fastio.com
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TABLE V

Summary of Test Results on the
Asphaltic Concrete Surfacing '
Type B 3/4'" Maximum, Medium Grading

Contract 60-3TC20

‘Grading % Asphalt
1™ 3/47 378734 #8  #30 F200 Extracted Stability

‘sxﬁggfi?- 95~ 65= 45- 30- I5- LA
Sta.~~ 100 100 80 60 45 25 .. 3=7 Planned '35 Min.

54+25 100 91 70 57 47 28 5 * 35
93 : 100 71 61 46 29 6 4.7 44
120 100 8 70 53 30 6 6.2 41
140 | 100 76 68 51 29 6 6.0 38
142 100 97 72 57 43 30 6 4.8 38
152 100 73 56 43 29 5 5.6 43
155 100 97 68 55 42 24 4 5.7 41
203 T100 98 66 52 42 35 5 4.9 42
207420 100 74 58 45 28 6 5.2 43
288 100 99 75 60 47 33 6 5.1 36
289 . 100 80 63 47 28 7 5.5 44
302 100 98 78 61 49 34 7 5.0 45
303 %; 100 78 58 45 29 5 5.5 bt
305 100 76 56 46 31 6 5.2 42
Truck 00 81 65 50 32 6 5.3 43

* No test result

~20=-
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TABLE VI
Summary of Test Results on the
Aggregate Base
‘Class 2 1-1/2'" Maximum Grading
Contract 61-3TCS9

Gradin
=1, R~value SE
St 100 100, 85 4325  2-9 78 Min. 30 Min.
326400 Rt 100 96 79 42 20 6 78 25
329+00 Rt 100 96 8 46 21 6 81 30
330+00 Lt 100 98 84 47 22 6 81 31
331+00 Rt 100 97 83 39 16 6 78 38
333400 Rt 100 96 80 45 22 5 79 33
334+00 Lt 100 93 76 42 22 6 75 27
342+00 Rt 100 97 82 39 15 7 78 30
346+00 Lt 100 98 81 45 23 5 76 %
349+00 Rt 100 97 8 37 16 6 78 27
: 350+00 100 98 88 50 246 7 78 31
372+00 Lt 100 97 8L 44 22 7 71 28
401400 100 99 8 45 20 6 79 25
430400 100 97 83 43 18 6 79 25
446+20 100 95 83 47 20 6 78 33
% No test result
-21-
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| TABLE VII
Summary 6f Test Results on the
' Asphalt Concrete Base
Type "B AC Base Course ' 1-1/2" Maximum Grading
Contract 61-3TC9

—&radin . % Asphalt

- 1-1/2" 1 _ Extracted Stability

?\xgggfsjf 90-— 75- 65~ 45- 30- 12- ~ 5.5%

Sta. 100 90 85 65 45 25 2-7 Planned 35 Min.
422430 © 100 84 58 44 30 14 3 4.3 40

423 © 100 91 78 63. 38 15 5 5.0 39

Track 100 8 75 60 26 13 5 5.7 48

Truck . 100 86 79 61 37 15 4 6.0 43

Track 100 79° 63 45 15 3 5.6 43

Truck 100 95 84 75 42 21 11 5.0 45

ClibPDFE - wivw fastio.com
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TABLE VIII

Summary of Test Results on the
Asphalt Concrete Level and Surface Course

Type 'B" 3/4'" Maximum Medium Grading

~ Contract 61-3TC9

Gradin % Asphalt ,
— 3 3 Extracted - Stability
startec® 100 106 80 60 43 73 3.7 plésed 35 min.
w ~ (ACB Section) .
'362+00:Rt“““'100" 96 69 42 27 2@’ 5 4.2 43
364400 Rt 100 80 51 40 24 6 5.5 40
404450 ¢ 100 99 83 64 44 20 5 5.2 36
438400 Rt 100 81 54 39 22 5 5.6 44
439400 Rt 100, 99 82 59 40 22 5 5.6 44
440400 Rt 100 75 53 '35 21 5 5.2 46
| (AB Section)

. 355400 Lt 100 84 59 42 28 8 6.0 b
356+00 Lt 100 83 54 42 24 7 5.5 49
45200 100 97 73 49 38 23 6 5.3 45
453400 100 81 59 43 28 6 5.7 40

ClihPDF - www .fastio.com
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TABLE IX

Average Deflection Readings for
Inner and Quter Wheel Tracks

Test Section 4 . CTB

Exist. 3" CIB

8" Comp.

1-1/2™ ACH+CIB I-%" AGTCIER

Rdwy. Grav. 1 day old 2 hours old 6 days old
Date 973;;9 9721759 107%759 1072759 10/6/59
IWT 0.064 0.033 0.021 0.017 0.015
OWT 0.067 0.036 0.023 0.017 0.013
Test Section 6 ACB _ _

ExXist. 3T AC 4E™ AC 6" AC
_ Rdwy. 6" AB +6" AB - +6" AB +6" AB
Date  7/18/60 8716760 8/29/60 972760 9720760
IWT 0.046 0.043 0.034 0.030 0.020
OWT 0.069 0.042 0.032 0.030 0.019
Test Section 11 AB _

Exist. 3" AC

~ Rdwy. . 6" AB 12" AB +12" AB

Date  7/19/60 8/16/60 8/30760 9720760
IWT 0.052 0.038 0.030 0.019
OWT 0.062 0.036 0.031 0.020

- wavw fastio.com

-24-


http://www.fastio.com/

ClibhPDF -

TABLE X

Summary of Monthly Rainfall.for
the Sacramento Area

(From U. S. Weather Bureau Reports)

- Mar.

Year Jan. Feb. Apr. May June July Aug. Sep. Oct. Nov. Dec.
1959 4.62 3.64 .46 .30 T 0 T T 1.5 T .01 1.28
1960 3.25 2.91 1.62 1.26 41 O T 0 T T 4.38 .70
1961 3.11 1;19 2.02 +49 .13 .02 T .01 .17 .03 2.96 1l.44
1962 .95 7.60 1.8 .19 .06 .01 0o .13 .11 6.85 | 40 1.74
1963 3.65 1.75 3.56 3.43 .64 .02 0 T «35 127 3.92 «38
1964 3.35 .19 .83 .16 .18 .41 .01 .06 O 155 2.64 5.69
1965 3.66 48 1.61 2.97 07 T 0 .59 0 .11 3.25 2.89
1966 2.11 1.58 .22 +39 24 T .09 O 05 0 5.48 3.33
1967 7.94 40 4.15 3.85 .12 .68 0 0 04 ,26 1.25 1.29
1968 3.34 2.13 2,42 .40 .32 .23 0 .08 0 .68 2.49 2.77
"I designates a month in which there was only a trace of rainfall.

www . fastio.com
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" TABLE XI

Abbreviated Summary of Daily Mean
Temperatures Preceding Annual
Deflection Measurements -

bay
of Mar. Oct. Apr. May Feb. Mar. May Feb. Apr. Jan. Jan.
Month 1961 1961 1962 1963 1964 1965 1966 1967 1967 1968 1969
1
2 ‘
3 50
4 52
5 49 _
.6 51
7 49 67
8 ~ 55% 63
9 49 53 60
10 52% 64 54 : 62
11 61 65 56 65
12 - 67 68 56 69%
13 - 71 70 57 66%
14 78 66 62%
15 : 77 61 65% 41
16 - 77% 61 . 69% _ 46
17 : b64% i 49
18 65 - 50
19 - ) 56% ' 33 52
20 . o . _ 57 48%
21 59 49 -
22 59 ) 50 48
23 55 ’ 51 39
24 - ‘ ‘ 51% 54 40
25 ' 51 52% 52 52
26 . 47 51% 51
27 _ 47 - 50% 41 46%
28 ' 49 43 43
29 : 48 48 39%
30 -- . 42
31 -- 45
1 1 : 46 41%
2 44% :
3 50%
4
5

* Days on which deflection measurements were made.

«Z2Hu
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TABLE XIT

Results from Comparison of
Deflection Readings and 5 Day
Mean Daily Temperatures

Test Type of Coef., of ~F-Ratio of F-ratio for 99%
. Section __Base Correlation Correlation Confidence Level Slope
1 "~ CTB 0.850 ~ 18.19 12.25 10.287
2 " 0.723 8.74 11.26 °  0.355
3 " 0.334 0.50 21.20 0.050
4 " 0.635 473 12.25 0.222
5 " 0.479 2.38 11.26 . 0.164
6 ACB 0.894 27.75 o 12.25 . 0.580
7 r 0.851 18.36 12.25 0.473
8 " 0.953  69.35 12.25 0.659
9 r 0.895 28.32 ' 12.25 0.683
10 AB 0.724 S U7.69 12.25 0.237
11 " 0.635 4,72 12,25 0.261
12 " 0.858 19.54 12.25 0.532
-27-
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TABLE XIII

Deflection Reduction for each Layer of Material

Layer of
Material
Added

0.50' AB
0.50" AB
0.25' AC +
0.05" OGAC
Total Section

0.67" CTB
0.25' AC +
0.05" QOGAC
Total Section

0.50' AB
0.25' ACB
0.25" AC +
0.05' OGAC
Total Section

Immediate Average %

Underlying Deflection
Material Reduction

Expectedl
Deflection
Reduction

Aggregate Base Sections

Existing road 38%
0.50' AB 127,
1.00' AB 36%
Existing road 687%

. Cement Treated Base Sections

Existing road 60%
0.67' CTB 487%

Existing road 78%

Asphalt Concrete Base Sections

Existing road 23%
0.50"' AB 29%
0.25' ACB 31%
Existing road 63%

447,
447,
43%

77%

627,
437%

77%

447,
417,
43%

74%

Note: 1 Expected deflection reduction from Test Method

No.

www . fastio (jEj‘N

Calif. 356-A
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TABLE XIV

Comparison of Tolerable and Actual Deflections

Deflections on Completed Roadway

Test Base Tolerable
Section Type Flrst Latest Highest Deflection?
1 CTB  .014(1959)1 .009(1969) .018(1961) .012
2 " .015(1959 .008(1969) .019(1961) "

3 " .011(1959 .011(1966) .011 1966; "
4 " .012(1959) .009(1969) .016(1966 "
5 " .009(1959) .007(1969) .014(1964) "
6 ACB .019(1960) .019(1969) .030(1962) 011
7 " .020(1960)" .019§1969) .032(1962) "
8 " .022(1960) .017(1969) .03351962. "
9 o .026(1960; .024(1969) .040(1962 "
10 AB .015(1960 .015(1969) .024 1962 .017
11 " .021(1960; .021(1969) .028 1962 "
12 .015(1969) .033(1962) "

" .019(1960

Note: All deflections in inches.
l. Year of deflection reading shown in parentheses

2. Tolerable deflections from Test Method No. Calif. 356-A

=29.
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Figure 1

Photographs of Completed Roadway

Typical Area Without Drainage Ditch
(Looking North From Station 28+70)

‘Drainage Canal Parallel to Road
(Looking North From Elverta Road)
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AVERAGE DEFLECTION READING ON EXISTING ROAD

AT VARIOUS SEASONS OF THE YEAR
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Figure 4

AVERAGE MIO'ISTURE CONTENT OF EXISTING ROAD
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Figure 5

DEFLECTION READINGS DURING STAGES OF CONSTRUCTION
SECTION 3 CTB
STATION 235400 TO STATION 240+00
Northbound Lane
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Figure 6

DEFLECTION READINGS DURING STAGES OF CONSTRUCTION

SECTION 4 CT
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Figure 7

DEFLECTION READINGS DURING STAGES OF CONSTRUCTION
| SECTION 5CTB
STATION 303+00 TO STATION 308+00
Southbound Lane
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Figure 8

DEFLECTION READINGS DURING STAGES OF CONSTRUCTION

| ~ SECTION 6 ACB
STATION 369+00 TO STATION 374400
Northbound Lane
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Figure ©

DEFLECTION READINGS DURING STAGES OF CONSTRUCTION
| SECTION 7 ACSB '
STATION 395+00 TO STATION 400+00
Northbound Lane '
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DEFLECTION READINGS DURING STAGES OF CONSTRUCTION
SECTION 8 ACB

STATION 409+4+25 TO STATION 414 4+ 25
- Southbound Lane
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Figure 1l

DEFLECTION READINGS DURING STAGES OF CONSTRUCTION
SECTION 9 ACB
STATION 435+00 TO STATION 440+00
' Northbound Lane o
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Figure 12

DEFLECTION READINGS DURING STAGES OF CONSTRUCTION
| > SECTION 10 AB |
STATION 32/+00 TO STATION 326 +00
/ Northbound Lane
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DEFLECTION READINGS D

Flgure. 13"

STATION::342+30.TO STATION 352430
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URING 'STAGES OF CONSTRUCTION
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Flgure 14

DEFLECTION READINGS DURING STAGES OF CONSTRUCTION
SECTION 12 AB
STATION 466+00 TO STATION 47i+00
Southbound Lane
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Figure 15
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Figure i6

AVERAGE DEFLECTIONS

to Station 106+17
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Figure

AVERAGE DEFLECTIONS

SECTION 2 CTB
Station 209+00 to Station 217+00
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Figure 18

- AVERAGE DEFLECTIONS

SECTION .3 CTB
Station 235+00 to Station 240+00

Northbound Lane
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Figqure 19

. AVERAGE DEFLECTIONS

SECTION 4 CTB
Station 278+00 to Station 283+00
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Figure 20

Southbound Lane

AVERAGE DEFLECTIONS
SECTION 5 CTB
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Figure 2]

AVERAGE DEFLECTIONS

SECTION 6 ACB
Station 369+00 to Station 374+00 .

Northbound Lane

69-1¢- |

89-1-2

49-92-b

99-21-¢6

§9-b2-¢

b9-2-¢

£9-41-9

29-61-¢

i9-91-0I

9-8-¢

09-02 -6

- Apmpooy paysiuly

09-2-6

oV 2/l |

09-62-8

€9V ¢

09-91-8

av .o

09 -81-2

09-6l-%

L

6 -€-2i

fompooy bBusixgy

L I ] ] 1 i 1

L
o)
@

o o] o o o o o]
i~ w ') <+ M o -

(U1 100°) SNOILD3 1430 3I9VHIAY

~49-

www . fastio.com

ClibhPDF -


http://www.fastio.com/

Figure 22

AVERAGE DEFLECTIONS

SECTION 7 ACB
Station 395+00 to Station 400+00
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Figure 23

SECTION 8 ACB

AVERAGE DEFLECTIONS
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Figure 24

AVERAGE DEFLECTIONS

SECTION 9 ACB
Station 435+00 to Station 440+00

Northbound Lane

69-12-1

89 -1—-2

18-22-b

99-21-6

g9-G2-¢

v9-2 -¢

£9-61-S

29-Gi-¥

19-8 -¢

09-02-6

ADMpDOY Ppaysiuidg

03-2-6

oV &

09-62-8

a9y ¢ ‘ov,e/l !

09-61-8

av ,9

09-6i-4

-

09-6i-¥

1 n

66-¢-2l

Aompooy bunsix3

| I | | ] | |

|
©
w©

o (o] o o o o O
~

o u < ") o -

(U1 100°) SNOILDIT430 FIOVHIAVY-

-52a

www fastio.com

ClibPD


http://www.fastio.com/

i Figure 25

AVERAGE DEFLECTIONS

10 AB
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"Figure 26

AVERAGE DEFLECTIONS
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Figure 27

AVERAGE DEFLECTIONS
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Figure 28

EFFECT OF MEAN DAILY TEMPERATURES
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