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I. INTRODUCTION

The procedure used by the Californis Department of Transportation
(Caltrans) when designing full depth asphalt concrete pavements
is a modification of the conventional R-value design procedure(l).
This R-value procedure ls an empirical approach to pavement design
that is based upon extensive experience. The modificatlon used
for full depth AC pavement design, however, is not based upon
extensive previous experilence as Caltrans' use of full depth

AC has been somewhat limited. Because of the absence of this
extensive previous experience, the need existed for a system that
could be used to evaluate the load carrying capacity of full
depth AC pavements, and thus provide a more rational approach

to full depth AC design. The results of previous research
reported by Carl L. Monismith of the University of California,
Berkeley, indicated that layered elastic theory mlight provide
this approach. Monismith(2) had stated that "layered system
elastic theory 1s the most readily available theoretical
representation of the response of pavements to moving wheel loads
and 1s one which appears to produce, at least to an engineering
approximation, a reasonable indication of pavement response",
Monismlith further stated that even though the materials comprising
the structural section were not elastic within the strict
definition of elasticity, the use of the assumption of elasticity
within the framework of elastic theory "permits the prediction
of pavement response under moving wheels to a satisfactory
degree". It was reasoned that this response could he used to
determine the theoretical fatigue life of the structural section
for compbrison wlth the design traffic lndex to complete the
analysis”of a structural section design. In support of this
approach, Kasianchuk(3) concluded that, in general, "a sufficient
body of knowledge based on laboratory investigations exists to
Justify the application of such data to the design of asphalt
concrete pavements"., However, the use of this approach involved
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" the measurement or estimabtion of the subgrade resilient modulus

and, because of the thermoplastic nature of AC, the calculation

of theoretical temperature gradients within the AC so the stiffness
of the AC pavement could be determined. In addition, a substantial
portion of the AC fatigue research had been conducted using
laboratory fabricated and aged test specimens in lieu of
measurements of in-service pavement response. It was therefore
considered worthwhile to attempt to further verify the elastic
layered theory approach.

Three full depth AC pavements were subsequently instrumented
during construction and the responses of these pavements under
known loads measured so that comparisons with the theoretical
responses could be accomplished. All tﬁree structural sections
were designed using the modified R~value procedure. The pavement
response was characterized by theoretlcal and measured stresses,
strains, and deflections. Theoretical and measured temperature
gradients were also obtained as well as subgrade resilient moduli,
The elastic layered approach used was that developed per research
conducted at the University of California, Berkeley, under the
direction of Monismith.

Considerable difficulty was encountered when attempting to instrument
and test the pavements. The instrumentation used and the difficulties
encountered were described in the project interim report titled "Full
Depth Asphalt Concrete Test Section Instrumentation", November,
1973(4). This final report contains the calculated and measured

data and a discussion of the appafent "accuracy" of the layered
elastic theory.
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II. CONCLUSIONS AND RECOMMENDATIONS

The results of this study were generally inconclusive regarding

the wvalidity of the theoretiecal bpavement analysis procedure used.
The procedure developed by Barber to calculate pavement temperature
proved to be reasonably accurate. However, the computer programs
used for AC stiffness calculations, which are dependent on both
pavement temperature and assumed time of loading, provided some
values considerably less than those generally reported for AC.
Because the AC strains and deflections are calculated using these
theoretical stiffnesses, they did not generally correlate well with
those measured. Also, there was considerable scatter in the data,
thus indicating that the in-situ measurements were of questionable

accuracy.

The fatigue 1life calculations, which also require these AC stiffness
andlstraln calculatlons, appear to be somewhat conservative for

one of the two Blythe test sections (13.4 years), quite reasonable
for the Willits test section (10.7 vears), and very short (1.3 years)
for the other Blythe test section. Unfortunately, the accuracy

of the first two calculations cannot, as yet, be determined as the
test sectlons were constructed in the early 1970's (1971-1973).

The 1.3-year period has been exceeded with no 51gns of fatigue
distress.

Thus, the data acquired per this research project must be considered
somewhat inconclusive regarding the accuracy and, therefore, the
usefulness of the theoretical pavement analysis procedures studied.
The dlfflculties encountered when attempting to measure in-situ

AC pavement stress strain, and deflection must be overcome before

a conclu51ve 1n—51tu evaluation of the layered elastic theory
approach can be accomplished.
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III. IMPLEMENTATION

Some of the instrumentation techniques developed as part of this
study and described in the interim report can and will be used

for future AC pavement research requiring in-situ measurement

of asphalt concrete stress, strain, deflection, and/or temperature.
Implementation of the remaining findings developed per this study
should consist of additlonal study of the analytical approach by
making measurements at the time of pavement construction that will
be required to calculate the theoretical fatigue life, and
subsequently compare this with actual in-service performance of
the roadway. This approach, 1f done on several jobs, would be of
considerable value to the Caltrans' maintenance and rehabilitation
pProgram now underway.

A simplified approach developed by Santucci(5) can be used to avoid
the extensive testing and data acquisition required for the detailed
compuber approach used for this study. If the theoretical deter-
mination of fatigue life proves to be reasonably accurate, it can
and should then be incorporated into the Caltrans' flexible pavement
design procedure.

www fastio.com
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IV. DISCUSSION

A. General

The four types of pavement "failure" most frequently associated
with asphalt concrete are generally described as (1) rupture, or
cracking caused by load associated fatigue type failure and/or
moisture and/or thermal induced stresses, (2) distortion, or
rutting, which is most often caused by excessive binder and
subsequent loss of stability in the AC and/or inadequate bearing
strength in the supporting materials, (3) disintegration, or
raveling, as often occurs when the AC asphalt content is
deficient or a problem exists regarding the aggregate, and (4)
bleeding, which is caused by excessive asphalt. The predominant
type of AC failure on Caltrans! highways is that designated asg
(1) above, i.e., fatigue failure. This distress mechanism has
been described as the cunulative effect of repeated load
application. Monismith(2) has outlined a framework for use
when determining the suitabllity of a proposed or existing AC
structural section from the standpoint of fatigue. In essence,
it consists of three major elements. These are (1) the char-

- acterization of the various materials used for the structural
sectlion, (2) the determination of the theoretical fatigue life,
and (3) the comparison of this fatigue life with the projected,
or design, service life. He suggests that the materials
characterization procedure take the anticipated traffic and
climatic conditions into account. These features would be used
when selecting test conditions such as the magnitude, duration,
and frequency of load application, test temperatures (for
thermoplastic materials such as AC), and moisture contents for
molisture sensitive subgrade materials. Although he recognized
that the structural section components were not "elastic" within
the classical sense, Monismith(2) concluded that, from an
engineering standpoint, the use of elastic layered theory provided
a means to predict pavement response (i.e., stress, strain, and
deflection) under moving wheel loads to a satisfactory degree,.

ChbPDF - www.fastio.com o S


http://www.fastio.com/

ChbPDF -

Due fo the lack 6f field‘data'supporting the contention that
layered elastic theory could be used to accurately evaluate
in-situ conditions, three full depth AC pavements were instru-
mented and subséquently tested to subsbantiate this contention
regarding layered elastic theory. Initially, the work envisioned
for this study consisted of instrumenting a full depth AC pavement
under construction near Indio, California, to measure temperatures
and subgrade moisture contents, then using this data and layered
elastic theory to analyze the full depth AC pavement design for
the Blythe and Willits (California) contracts. This was to be
followed by in-situ pavement measurements to evaluate the layered
elastic theory analysis procedure, ‘Difficulties encountered with
a resilient modulus testing machine constructed to test the Blythe
and Willits dubgrade materials and with the adaptation of the
layefed elastic theory computer program and assoclated programs

to the Caltrans' computer precluded the completion of the

structural section design analysis prior to the award of the

construction contracts. The full depth AC structural sections
were, therefore, all deslgned using the modified R-value procedure
and constructed prior to the completion of a layered elastic
theory analysis. |

When developing the instrumentation plans for the Indio test
section, a literature search revealed no proven techniques for
measuring AC pavement stress, strain, and deflecticn in-situ.

The plans for Indio were therefore revised to also include an
evaluation of various methods of making these in-situ measurements
so that "proven" procedures could be used for the instrumentation
of the Blythe and Willits test secﬁions.

The method used by the Transportation Laboratory to determine the
fatigue life of an asphalt concrete pavement was essentially the
method described by D. A. Kasianchuk and C. L, Monismith of the
University of California's Institute of Transportation and
Traffic Engineering(2) and subsequently modified by D. B.
McLean(6). Basically, the method consists of three separate
compqter programs which are as follows:

6
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L. The determination of the traffic weilghted mean stiffness of
the AC (program developed by D. A. Kasianchuk) ;

2. The calculation of theoretical stress, strain and deflection
using the modified Chevron 5-layer (PSAD-2) Program; and

3. The determination of the fatigue 1ife of the asphalt concrete
pavement using the procedure designated as WRPATIG".

B. Test Section Description, Tnstrumentatlon, Materials Properties
and Testing

Indio

The widening of Interstate‘lo west of Indio afforded an opportunity
to instrument the pavement at the time of construction and then
test this pavement to verify the extent to which the modifed Chev
51, approach could be used to accurately ecalculate pavement response.
The widening consisted of adding an additional lane in the median
by placing 0.85 foot (259 mm) thick AC on a 0.25 foot (76 mm) thick
aggregate base working table. The instrumentation included gypsum
moisture blocks for use with a Buoyoucos Moisture Meter toO measure
subgrade moisture content, Nuclear-Chicago equipment to measure
subgrade moisture content, Gentran Model GT-621 soll pressure cells
to measure SLress at the AC/aggregate base interface, strain gages
oriented longitudinally and transversely within the AC to measure
AC strain in each direction at several distances below the pavement
surface, Type J Iron-constatan thermocouples to measure AC temp-
erature at several distances beloﬁ the pavement surface, and linear
variable differential transformers (LVDT'S) to measure AC deflection
a3t several distances below the surface. 1In addition, pavement
surface defiections were measured with the California Deflectometer
(TM No. Calif. 356) as this equipment was used to apply the moving
load to the pavement during testing. Details regarding this

www . fastio.com
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iiﬂéﬁruméntation are included in the 1973 interim report by
Svetich(ﬂ). The temperature and moisture data were required for
the computer programs used to caleculate bavement stress, strain,
deflections and theoretical fatigue lire, The in-sity measurements
of stfess, Strain, and deflection were obtained for compariscn with
the calculateg values.

Preéssure cells were encountered at the Indio test site., Strain-

gage casualty rates (fallures) were ©Xxcessive, and it was not

realized that Some of the gages had failed untii after the tests
were completed., The limited moisture and strain data made it
difficult_to analyze the Indio data. Because of the climatic
Similarity of the Indio and Blythe test Sections, and the similarity
between the Indio structural Section and one of the structural
Sectlons tested at Blythe, the decision was made to fully analyze
only the Blythe ang Willits test section results,

Blythe

(December ang January) is above HO°F (4°¢), The average yearly
rainfall is about two inehes (51 mm), Two 1000 foot (305 m)
Sections were set aside as test sections, Originally, the structuyral

wavw fastio CE)‘”
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it was not possible to use this procedure prior to construction.
Therefore, these sections were designed using the California modified
R-value method then in use for full depth AC pavements.

The test section locations and their design structural thicknesses
were as follows:

Test Section Location AC Design Thickness
A Sta 265+00 to Sta 275+00 0.85' (259 mm)
42 Eastbound Lane (Travel lane)
B Sta 366+00 to Sta 376+00 1.50' (457 mm)

42 Eastbound Lane (Travel lane)

The AC was placed directly on the subgrade material. The subgrade
material of test sectlon A was a silty sand with an R-value(7) in
excess of 70. This is equivalent to a CBR 1n excess of 37. Test
section B was originally designed assuming that an inorganic clay
subgrade material with an R-value of less than 15 (CBR of less than
2.5) would be imported for the test section. However, the "low
R—value" material subsequently used was of considerably higher -
quality than originally thought. Thus, a clayey-silt material with
an R—Value of 62 was used as test section B subgrade material.

A material characteristic required to calculate the theoretical
otress, strain, and deflection at various locations within the
AC is the subgrade resilient modulus i.e., the ratio of stress
to recoverable (elastic) strain. For California Class 2
aggregate base material(8), McLean has-concluded that the
resilient modulus can be characterized using the equation

My = 3470 (6)0:65

wayfastio.com
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where 6 is the sum of the principal stresses(g). The measurement
of the resilient modulus of more cohesive materials has revesled
a relationship of the form

K2 _
where K1 and K2 are constants and 03 1s the confining pressure.

To determine the resilient modulus of the Blythe subgrade
materials, samples of each material were tested at moisture
contents approximating the in-situy conditions (4-5%).

The tests were conducted in conformance with the test method
contained in Appendix A of Reference 9. Linear regression

analyses were completed for the log~log relationship of resilient
modulus versus the sum of principal stress, and resilient modulus
versus confining pressure (Figures 1 thru 4). The results for

both test sites indicated that the resilient modulus was esgsentially
independent of the confining pressure as the range of measured M
values was from 20,000 psi to 30,000 psi (138 to 207 MPa) for
confining pressures of from 1 to 10 psi (6.9 to 68.9 KPa). It
was therefore concluded that for the confining pressures anticipated
at the base surface (3 to 5 psi (20.7 to 34.5 kPa)), a somewhat
conservative resilient modulus of 25,000 psi (172 MPa) would be

used for the calculations of AC stress, strain, and deflection

at all the Blythe test sites.

R

Tables 1 and 2 show the physical properties of the asphalt
conerete and subbase materials used for the Blythe projects.
This data was discussed in detail in the interim report(4).

“The test section instrumentation installed at Blythe was similar
to that used for the Indio test section. 'Because of problems

- encountered at Indio with the Gentran bressure cells, stress
gages of the type used by the Univ%rsity of California(l0) were
constructed and installed beneath the AC at the Blythe test

10
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Figure 3
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Figure 4
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Grading

(% Passing)

1-1/2
1

3/4

1/2

3/8
No. 4

8.
16
30
50
100
54
>
LA

(38 mm)
(25 mm)
(19 mm)
(13 mm)
(10 mm)

Table 2

BLYTHE TEST SECTION
SUBGRADE PROPERTIES

R-value (TM No. Calif. 301)
% Moist. @ 300 psi (20.7 MPa)

exud.

pressure

Dry density (TM No. Calif.

216)

Resilient Modulus (
(Per procedure in

Appendix A)

ChibPDF - www.fastio.com

Test Section

A

100
99
99
98
98
96
95
92
86
65
33
20
11

7

11.6
121 pef

Mp) (1937 ke/m3)
ﬁef. 9,

25000 psi

(172 MPpa)

16

|t

100
98
83
17
10

62

i5.3

110 pecf
(1762 kg/m3)

25000 psi
(172 MPa)
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sections. Some additlonal methods of measurlng AC strain were
tried in addition to most of those used at Indio. To mesasure
pavement temperatufe, Type J Iron-constatan thermocouples were
again used and an attempt again made to measure subgrade moisture
content using a nuclear gage. In-situ deflection was also again
measured using LVDT's and, for comparison, a Benkleman beam
(surface deflection only). The instrumentation used is shown
schematically on Figures 5 and 6. The 11ft thicknesses were
determined by coring the pavement at the conclusion of the
testing.

During the period from January 12 through January 17, 1973, the
Blythe test sites were tested. A dual-wheel dump truck loaded
with sand (18,600 pound (8,165 kg) axie load) was used for this
testing. The tire pressure was 80 psi (552 kPa), Several runs
were made at speeds of less than 3 mph (1.3 m/s)} and the location
of the dual wheel path noted with respect to the location of the
strain gauges and LVDT's. The location of the truck relative to
the instrumentation was required to identify those runs for which
eilther the dual tires or one of the duals was centered (visually)
over the strain gauges and LVDT's as these are the conditions
assumed for the modified Chev 5L Program. Tables 3-6 show the
results of the runs that were considered "good" by this process
for the four test sites (two locations each within Test Sections
A and B)., Not all the gauges for each run gave what appeared to
be rellable data. This is noted on the tables.

During the construction of the Blythe B Test Sections, gauges
placed on or in the first two 1lifts were located in the outer
wheel path of the travel lane and were subsequently damaged by
construction traffic, Consequently, on subsequent 1lifts the
gauges were placed 2 feet (0.61 m) inside the wheel path to

17
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Figure 5

INSTRUMENTATION
BLYTHE
TEST SECTION A
Axle Load = 18600 ibs.{8437 kﬁ) Working Strain Gauges:
Wheel Load = 4650 Ibs. (2109 kg) Longitudinal 6 of 12 = 50%
Tire Pressure = 80 psi (552 KPa ) Transverse B8 of 12 = 67%
‘ ' Sta 273-1-00 ’ * _ Sta 274-:-00 &
0.03' T ‘ X i Open Graded AC X & H 0.04
T . E P P P P E E
032 0.31'
P i | P 1
- P P
f ——+ ~+
o)g P ' | P o.fe‘
L 1. P . -
T e — | - ‘ '
Dense Graded AC ]
1 3
0.40
‘ SA SA SA SA ! SA
1 —— "—-—‘_‘ ] —
X ,
/

Basement Material .
15+ 1.5+
l T l ) : TY

Sta 273400 Sta 274400
Lift' thicknesses shown were determined from cores. | Ft.= 305 mm
l, = Strain gauges placed transversely.
s = Strain gauges placed longitudinally.
T = Thermocouple. :
SA = Strain gouge adhered to sand asphalt carriers.
P = Strain gauge adhered to polymide sheets.
E = Strain gauge epoxied to povement.
X =

Inoperative strain gauge
' 18
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Figure 6
INSTRUMENTATION

BLYTHE
TEST SECTION B

Axle Load = 18600 Ibs.(8437 kq) Working Strain Gauges:
Wheel Load = 4650 |bs. (2109 kg) Longitudinal 4 of 18 = 229,
Tire Pressure = 80 psi (552 KPa ) Transverse 11 of 18 = 61%
_L Sta, 374?00 * Sta. 375T00 _L
X Open Graded AC x4 X 8004
4
P EE P PI
. 0.36'
1' EE PP
T .
! s
0.27' 0.27'
Dense Graded AC
| PP

0.29

EE P P
X X
P P
T

._kx _
P P

U - S I

—+

T
T_P‘ T

1
l
0;127‘
r

—+

Tﬁ%

X
0.28' 0.29'
1 SA SA SA SA SA SA SA SA
T . ! a T
X X X X
1 Pressure Celly y
1.5 _ 1.5
. Basement Material
4 I
T 1 '
Sta. 374400 Sta, 375+00
Lift thicknesses shown were determined from cores. Ft. = 305 mm
' = Strain gauges placed fransversely.
= = Strain gauges placed longitudinally.
T = Thermocouple. 7
SA = Strain gouge adhered to sand asphalt carriers.
P = Strain gauge adhered to polymide sheets.
E = Strain gauge epoxied to pavement.
x = Inoperative strain gauge

19
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Table 3
STRAIN DATA

BLYTHE TEST SECTION A

STATION 273 +00

MAXIMUM STRAIN, MICRO-INCHES PER INCH

Weight on dual fires = 4650 Ibs {2109 k) per tire @ 52 :w_ =CE=_{H]__
Tire pressure = 80 psi {352 kPa) E gg Y 3
= STRAIN 3
e GAUGE Zz
o NO. GZ[RUN¥IL |RUN®I2 RUN®!4 |[RUN®I3 |RUN® IS
5 g411-12-73 | 1-12-73 | 1-12-73 | 1-12-73 1-12-73
z %3l 1140 | 1145 | 11150 a7 | u:ss
- 210 90 MPH [0.68 MPH |0.98 MPH|0.62 MPH {0.75 MPH
Surface /»L k4 E Eo usT E 72¢ 104C
L]
ﬁfﬁf'“ SRS T 72 €| g | 83T | g, | s | 123C
0.148'
‘BCIOISU T 28 p|l s1¢ 4a8cC 46C Eo 49 ¢
32
T 42 P ue 17¢ 16¢ 20C 13C
llee el
A R
j 0.438". \ }T 14 S| 40T 547 | 43T ; 8av 447
Q 18 Below Surkace
& L lt 10 s| 46T 60T 48T | 08T | WT
- 0.646'
Below Surface { L 9 s| wosT| 1407 | o7 1287 1307
404 | 0.750'
Below Surface K
| g
I B\
Bottom
ot AC MAXIMUM DEFLECTION — INCHES
Total = 0.93'
b LVDT 1| 0082 | .o082 | .co80 | 0080 1
LVDT 2 | oos2 | .008% £ 1 0090
NOTE: b LVDT 3| .0085 | .0100 | .0100 | 0105 0100
1| MPH = 0.447 m/s
1Ft 2305 mm LLvOT 4 | ooso | .0oso | .0os2 z 1

I = Incorrect whael placement over the gouges.
€= Erratic load trace on the chart.
Es Erratic zero load trace — Impossible 1o ge! a confident reading.

T= Tansion

C = Comprassion

wivyfastio.com
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Waight on dual tires = 4630 Ibs (2109 kg) per tire
Tire pressure= 80 psi (552 kPo)

Table 4

STRAIN DATA
BLYTHE TEST SECTION A

STATION 274 +00

MAXIMUM STRAIN, MICRO-INCHES PER INCH

[
. 41|
[+ = - T
= STRAIN 2+~
€ GAUGE gx :
_ NO. SZ[RUN=20)RUN®23|RUN24|RUN*26 {RUN® I8 |RUN®ISIRUN®22
5 821-12-73 [1-12-73 1-12-73 [1-12-73 | (-12-73 | 1-12-73 [1-12-73
3 %oi 15:03 iBoe | 1521 I5:25 | 14:53 | 14:58 | 15:13
8.910.40 MPH [0.90 MPH |0.70 MPH|0.55 MPH |0.68 MPH|0.25 MPH|0.40 MPH
Surfoce 18 73 E 158¢ Sec 3¢ 137c E 160¢ £
OGAC .04' | ' T 46 P| E E E £ E £ E
1
Boled S b a5 p| E E E E E € E
3t
b T 12 s| szt 56T 80T 80T 86T T 9T
2l el e
FICKS ST S
| 438’ L n s| oat 78T 84T 85t 97T 0ot | 93T
2 264 BalowSurfuce\
g T 16 s| 96T 4T 86T |. 827 92T 94T 94T
L }l\ SN \>”>
(77 &€ 77 L. 15 s| eor | aor 527 52T 84T 6T 53T
Balow Surface
729
334 Below_Surfucn
\ LOAD CELL | 7.1ipsi |B.37psi| 471psi| 5.23psi |5.75psi | 7.53psi | 6.69pa
Bottom
of AC MAXIMUM DEFLECTION - INCHES
Totol = 0.94'
LVDT i 1 0108 | .0100 | .0108 | .ON8 I 0o
LvDT 2 E o120 | .om12 | .o123 | .oi2s T .0i28
-\ Yvor 3| o130 | .o125 | .0120 | .0128 | .0125 E ons
LVDT 4 1 0088 | .0080 |.0090 |.0098 E 0098
NOTE: . )
1 MPH = 0.447 m/» '
1Ft =305 mm
1 PSI = 6.89 kP
qund:

I = Incorrect wheel placement over the gaouges.
E=~ Erratic load trace on the chort.

‘T = Tension
€ = Comprassion

www fastio.com
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Table 5
STRAIN DATA
BLYTHE TEST SECTION B

STATION 374 +00
MAXIMUM STRAIN, MICRO-INCHES PER INCH

34
- o
E Eg %—.
* sTRAIN 3+
T GAUGE Za
ar -«
= NO. -a T ko é
Qv a [=
s w g 3 [T
=] [=] .
[=3 OX ot
3 &3 2 Bres
Surface L 67 E| 39 |44C| I 1 |2Bc|37r¢c] 1 1 [36C|39C|33c|36c| 1
%E&-O‘V T 30 Pl E |jTIC| I I |E|E | T | T |3®c|38C|37c|a7c]| ¥
A7'< | 0.104' Fmee
’ Balow Surfoce b T T Ela2oc|20c]| 1 I {i1sc|tsc)| 1 I ji1ac|1sc|ioc|20c| 1
48 pPliéc|ioc| t { r |1ac|ac| 1 | x [i17¢|16c|20c]|17c| 1
52 Pl ecjrc | I I 8c| scf 1 1 Tc| 4c| 6c| ac| 1
51 P| or| 9T} I 1 ar|i1o7] 1 I |47} 87| ot o1{ I
LT P| I I |urjst| I | ar| 21| I I I 1 |er

w g

s 4 3 I I |177)] 31| 1 I |1eT|17Y| 1 1 1 I {I1rT

o 0.833' ___

-Ba_lquurface
§ NN T 8 § I |1 |337|327] % 1 |30r|26T] T I 1 1 |42T
Clean Seporotion
7777
254
MAXIMUM DEFLECTION —INCHES
~]
LveT 1 |ooso| N | 1 1 |oo3s|coa2| 1 1 |oo3sloo3s| E |ooss| I
.28 ]
- LVDT 2 [OD#| N ) 4 I |003% (0042 I 1 [0038|00401.0040(003% I
t L
LvoeT 3 |oo3s| N I I |oo4clooss! 1 I |oo3vioose|oosolooen| I
. - Bottam . :
~ of AC
ILVOT 4 |oosz| N I I |posoj0038]| X I |p04o|0040lo039 {00a0} T
Total=1.45'
Ll!!m"

NOTE: There oré fwo separote runs I = Incorrect whael placement over the gages shown,
marked ®7-One at sta. 374 B one ot 375 {This was dus to the foct that gouges TS4P, T4S, & Tas
(Runs *116,117,6 118 exist for both stc. 374 & 378) wera ploced 2' loterally from the remcining gauges, ond
t MPH » 0.447 m/s seporate runs had fo be made over tham.)

1 Ft =305 mm = Erratic load trace on chart.

Ne¢ recording was made of the forie traces this run.
= Tension
= Compression

O-H4EmMm
]
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Table 6

STRAIN DATA
BLYTHE TEST SECTION B

STATION 375 +00
MAXIMUM STRAIN, MICRO- INCHES PER INCH

[-4
2 uf oif)| ==
e ¥
=~ = ]
" STRAIN &+
E GAUGE §‘
X
. NO. "5 E-
b ng ey n M
2 - oo T e, B by, e '-'é
S oz 0 it ey il
wiv Ok Co  CARTB IR L= ' =
OGAC .OS' T 44 P| Eg| Tc |10 18¢ | §2¢ |15c | 15¢ (15c | I
18 iR 43 Pl Eg| E BT LITT| I L {15c |ov 187 |15¢ |11r | T
T 50 PlazTisor! F |2s7| 1 I |t2T |10Tj20T 20T |21T | L
2¢
L 49 PIST|UT| F joT | 1 I |57 |or {2Tiny T | I
, 'T LI} I H t I {197 |367) 1 1 1 I I |32r
274
T 2s 1 1 I I |23r|[21Iv| 1 1 I I 10.0j18T
4 U
a 274 | 0833
a Below Surface
LOAD CELL |[324|366| F (397] I T 13.03(3.14 3.35|397(|3668] I
o RN pei | psi pei psi | pui | psi | pai | psi
Cleon Separation,
(|77 777, MAXIMUM DEFLECTION - INCHES
1128
.29'Y [Below Surfoce LVOT I |ooaziooss| F |oo38| I I |oce0/0042|0032|0032|0038( T
s \/ L LYDT 2 |oO32|0038 F |oD39| I I [0032].0035 0033|0038 0038 I
- AT
LVDT 3 1Lo038L004 F |o0a2| I I j0038|0038|0057|.0040 B8] I
.29'4 .
LVYDT 4 E |0030] F Joo3e| I I [0030]|0032] £ loo28|0038| I
Bottom j
of AC
. Totol = |.53'
Lsgend:

NOTE: There are two separafe runs I = Incorrect wheel placement over the gages shown;
marked =i1T-0One ot sto. 374 & one of 373 (This was due to the foct that gouges TS4P, T45, & T8S
{Runs ™116,117,8 118 exist for both sta. 374 & 378) wers placed 2' loterally from the remcining gauges, and
1MPH = 0.447 m/s separate runs hod fo bea mads over tham.)
1t =305 mm E » Errofic lood froce on chort.

1 PS5l = kFa

F s Troces too faint to ba reod on the chort. Paper or
axposurs problem.

Es Esrotic zero lood trace ~Impossible 1o get e confident
reading.

T = Tension

€ = Compression

23

ClibPDF - www .fastio.com


http://www.fastio.com/

ClibPD

wwvwy . fastio.com

"avoid further damage of this type. This is the reason for the

notation (I), incorrect wheel pPlacement, shown on the data summary
sheets, '

The percentage of Working gauges for each direction (transverse
and longitudlnal) is shown on Figures 5 and 6. Roughly one half
of the gauges (52%) were lost during the construction phase, with
the hlghest percentage of those lost being the gauges placed in
the longitudlnal direction. As discussed in the interim report
(Ref’ (1) page 36), the majority of the longitudinal gauges failed

- during the breakdown rolling of the AC 1ift containing the gauges.

it was ccnsidereq particularly unfortunate that due to gauge
failure no direct comparison was possible between gauges epoxied
directly to the top surface of the lower lift and gauges epoxied
to polymlde sheets which were in turn attached to the top surface
of the lower 1ift,

.

W’ii“]s;l—it st

The Willits- prOJect (Ol—Men-lOl 01-111804) consisted of widening
and resurfaclng U.S. Route 10l in the central portion of the City
of Willits: --Willits is located dbout 120 miles (193 km) north of
San Fran01sco and 30 miles (48 km) inland from the Pacific coast.
Its annual. ralnfall is about 44 inches (1,118 mm) per year, with
the largest portion of that coming during November through March.
The climate in the winter is cool and wet, with the average
minimum temperature around 30°F (~1°C) for January. In the
summer it 1s warm and dry, wilth the average maximum temperature
around 87°F (31°C) in July and August. The project involved the
addition of a left-turn lane in the middle of the two lane road-
way. This required the construction of a full-depth asphalt
concrete seetion i}d-fcct (305 mm) thick along the outside of

the existing traveled way. This full-depth section was designed
using the California mcaified'R-value method. The instrumentation
was placed in the AC at Stations 139400 and 140+00 in the new
southbound travel lane.

24
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The design AC thickness of 1.0 foot (305 mm) consisted of d.92
feet (280 mm) of dense graded asphalt concrete and .08 feet

(25 mm)‘of open-graded asphalt concrete surfacing. The subbase
material at the test location was f£ill materizal from the previous
construction project. For thilis project, the old asphalt concrete
shoulder and some of the subgrade soll were removed. The exposed
surface of fthe remaining subgrade material was then compacted to
comply with the following specification:

"The subgrade shall be thoroughly compacted to form a firm, stable
‘base before placing the asphalt concrete."

Table 7 (see page26 ) contains the results of several soil
characterization tests of the Willits subgrade soil. A 10 percent
moisture content {(dry density = 130 pef (2083 kg/m3)) was selected

as the appropriate moisture content for the 95 percent relative
compaction that normally is reguired of subgrade material by Caltrans.
The 10 percent moisture contenﬁ was then used for resilient modulus '
tests of this soil, The test results are shown on Figure 7 and the

values selected for the modified Chev 5L calculations are shown in
Table 8, below:

Table 8

DEVIATOR STRESS VS. RESILIENT MODULUS
WILLITS TEST SECTION

Deviator Stress (od) Resilient Modulus (MR)

psi psi

3 48,000

6 41,000

9 37,000
Note: 1,000 psi = 6.89 MPa
1l psi = 6.89 kPa
25
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Table 7

WILLITS TEST SECTION
SUBGRADE PROPERTIES

R-~value - 60

l Liquid Limit - 24

; Plastic Limit - 21

| . Plasticity Index . -3

; - Unified Soil Classification System - Corps of Engrs

: Gravelly, Silty Sand - SM
Specific Gravity - 2.69

Grading Analysis

As Used For
_ _ Resilient
Sieve Size In Place Modulus Tests
2 (51 mm) ‘ 100
1-1/2° (38 mm) 99
<1 (25 mm) . : 97
3/4 (19 mm) 94 : 100
1/2 - (13 mm) ' 89 95
3/8 (10 mm) 86 92
#e 74 79
8 - : 67 71
16 - 61 65
30 56 60
50 49 52
100 38 : 40
200 31 33
5 Micron 12 13
1 Micron 5 5

Moisture Content Dry Density

(%) (pcf - T No. Calif. 216)

6.0 130.0 (2083 kg/m3)
8.0 135.0 " (2163 kg/m3)
10.0 130.3 (2087 kg/m3)

ClihPD wwwLfastio.com
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Figure 7

SUBGRADE RESILIENT MODULUS
VS
SUM OF PRINCIPAL STRESSES

WILLITS TEST SECTION

100~ Y =130 1bs /1 (2083 kg/m3)
= 80 B M/C=93% 8 107%
2 ©=0;+30;
" _ d, = deviator stress
© 60 Mm.=227,8008°5%8 ey 0‘3 = confini
,‘ i = 0.72 4 - 3 = confining pressure
r M/C=9.3% A ¥ A A
2 aof A }} a
A A
a : A\\ AA
5' 30 a A A‘\
e SN
= a N
- 20}
5 . .
- Mg = 24,000 §°2!
I r=0.48 T — o
& M/C=10.7% " e
i
0 NN * e ¢ T~ g
3 4 6 B8 10 20 30 40 60 80 100
SUM OF PRINCIPAL STRESSES (®©), PSI
NOTE: 1000 psi =6.89 MPa

www . fastio.com

1 psi =6.89 kxPo

FROM REFERENCE (11)
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The préperties of the asphalt concrete friom the Willits test
sectlon are summarized in Table 9.

Table 9
ASPHALT CONCRETE PROPERTIES

WILLITS TEST SECTION

. Distance Below

. . Surface Aspahlt Percent

Item ' (Ft.) Grade Asphalt
AC Surface 0.08 to 0.20 85-100 5.7
AC.Base - - 0.20 to 1.08 85-100 5.4

Unit Weight « v « o o o o« « « o« & o« o « o 140 pef
Void Content . . . . . : &« « + 4 & s o . l0.0%
Volume Concent;ation of Aggregate . . . . 0.886
Properties of Recovered Asphalt

Penetration @ 77°F (25°C) . . . . . 57

Ring and Ball Softening Point. . . . 128°F
' . (53°C)

305 mm -
16.02 kg/mB x

The test section instrumgntation used at Willits was very similar
to that used at Blythe. There were, however, some changes in

the strain gauge instrumentation and procedures tried. Also, an
Austron Inc. Model DL-1200 Digilogger was used to record the
temperature measurements obtalned with the thermocouples placed
within the pavement. Stress at the AC/subgrade interface was
again measured using stress pgauges identical to those used at

"Blythe. Deflections were also again measured using LVDT's affixed

to brackets placed at various distances below the AC surface.
This procedure was identical to that used at Blythe. 1In addition

28
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to the LVDT's, the California Deflectometer and a Benkleman beam
were both used to measure the AC surface deflections during the

test runs. The location of the Instrumentation used is shown

schematically on Figure 8. Fortunately, a higher bercentage of
the gauges was operational during the field tests than was true
at Blythe. As at Blythe, the casualty rate for the longitudinal
gauges at Station 140400 was higher than that for the transverse
gauges of Station 140+00.

The testing was completed during the week of June 13-17, 1973.
The California Deflectometer was used as the test wvehicle. This

dual-wheeled truck had an axle load of 18,800 pounds (8527 kg)
and a tire pressure of 70 psi (M83 kPa),

To determine the actual AC 1ift thicknesses and total depth of
asphalt concrete, cores were taken at each test site, Tables

10 and 11 show the measured 1ift thicknesses and the location of
the working strain gauges and the linear varilable differential
transformers (LVDT'g).

C. AC Temperature

Indio

Indio weather data for June 22 and 23, 1971 were obtained from
the U. S. Department of Commerce National Climatiec Center in
Asheville, North Carolina, and used to calculate theoretical
pavement temperatures using Kasianchuk's computer program(6).

The AC pavement temperatures messured compared quite favorably

with those calculated temperatures near the surface., Figure 9 is

an example of this comparison and shows that the calculated values
generally exceeded the measured values during the morning and at
lower depths were lower than the measured temperatures during the
afternoon. As predicted by Barber's theory, the maximum temperature
decreased with depth, However, the measured maximum temperature

29
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Working Strain Gauges:
Longitudina! 10 of 18 = 56%

Figure 8
INSTRUMENTATION
WILLITS

Working Strain Gauges:
Longitudinal 15 of 18 =83%

Tronsverse 13 of 18= 72% Transverse (4 0of 18 =78%
S1a0.140+00 Sta. 139 +00
‘ ] S ‘ 1 ?
o012 Open Graded AC E -
#E E' SA P'A T PE P'E PW P'\'l P \n\ ' E PW PW PE PE PA PAs.12
012" & X o ‘ ' ' X '0.12'
EE paPA_ pe FE pw AW - e EpwfV_ pePE pa
# ' X ' ‘ ' X ' N X
0.2 X X 0.2
£ E PW PW PE PE PA PA
Dense Graded AC * * 0.22'
- E E P\pr PE PE PA PAr
- . ' . XI ' - ‘ f 3
X
0.41
e SA SA - SA SA
."SA . SA SA SA
1
Iy T i) — [ -—-' TA-—'—%——%:
Pressure Pressure
Cell Cell
{ 7
Buseme.nt Material.
1.50' o 1.50
1 1|' P T
Sta. 140 +00 Sta. 139400

Lift thicknesses shown were determined from cores.

= Strain gauges placed transversely. { Ft.= 305 mm

=== = Strain gauges placed longitudinally.
T = Thermocouple, :
SA = Strain gouge adhered o sand asphalt carriers.
E = Strain gauge epoxied to pavement.
PA = Polymide strain gauge adhered w/asphalt.
PW = Polymide strain gauge adhered w/waterproofing agent.
PE = Polyester strain gauges adhered w/waterproofing agent.
x = Inoperative strain gauge.
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aid ﬁoﬁ decrease hearly'és much és %he theoretical values nor did
the theoretical dampening effect (with depth) occur. It should
also be noted that peak pavement temperatures approaching 150°F
(66°C) were measured at this desert (Indio) location in June.

Even 1.0 foot (305 mm) below the surface, a peak temperature of
approximately 130°F (54°C) was measured with a minimum temperature
of more than 85°F (29°C) also noted. These measurements tend to
support the often used AC test temperature of 140°F (60°C).

Blythe

The temperature simulation program developed by Kasianchuk(6)
was again used to calculate theoretical pavement temperatures

at various depths below the pavement surface. Weather data for
January 20, 1973 and July 7, 1973 were obtained for the weather
station at the Blythe airport which is within a mile of the test
sections. As at Indio, this information, which is presented

in Table 12, was obtained from the U. S. Department of Commerce
National Climatic Center in Asheville, North Carolina. The

date in January was chosen as the one with recorded thermocouple
values closest to the field test date. The July data were
requested to provide a comparison of the theoretical and

actual temperature gradients during very hot weather.

The comparative results are shown on Figures 10 and 11, There

was a more significant decrease in temperature with depth than

that measured at Indio. As was true for the Indio test site, the
comparisons between the theoretical and measured temperatures
indicate that the theoretical method provides a method of

calculating pavement temperature at various depths with a reasonable
degree of accuraéy. Kasianchuk noted in his work that the calculated
temperatures generally were higher than those measured during the
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FIGURE 10
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Table 12
WEATHER DATA, BLYTHE F.A.A,

(a) January 20, 1973

Mean Air Temperature 50.5°F (10.3°C)
Diurnal Range 19.0F° (12c°)

Mean Wind Velocity 13.5 mph (6.0 m/s)
Solar Insolation 360 Langleys per day
Sky Cover . 0.1

(b) July 7, 1973

Mean Air Temperature 99.0°F (37°Gf
Dilurnal Range 20.0F° (12.5C°)

Mean Wind Velocity 12.5 mph (5.6 m/s)
;Sblar Insolation 640 Langleys per day
Sky Cover -0.3

night hours at all depths and that the time of the maximum
temperature also deviated somewhat from that measured(6). These
two observations are also applicable to much of the Indioc and
the Blythe data,

Willits

Attempts were made to obtain June 13~17, 1974 weather data from
the U. S. Department of Commerce for use in the calculation of
the theoretical temperatures within the Willits AC pavement

to be compared with the temperatures measured with the thermo-
couples, However, no response was received from the DOC so these
comparisons could not be made. Estimates of appropriate climatic
conditions for Willits were subsequently made based upon data
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obtained from Reference 12, These estimates are listed below and
were used for the theoretical calculations of pavement stress,
strain, deflection, and fatigue life.

Mean’Air Temperature 62 . 4°F (17°C)
Diurnal Range 33,9F° (21C°)

Mean Wind Velocity 8 mph (3.6 m/s)
Solar Insolation 650 Langleys per day
Mean Sky Cover 5.8

D. AC Strain

Blythe

Strain gauges were attached to sand asphalt carriers or polymide
sheets and oriented in both the longitudinal (tangential) and
transverse (rédial) directions at Blythe. Where time between
construction of the AC 1lifts permitted, duplicate gauges were
epoxied to the surface of the lower AC 11ft. The field load
testing was accomplished with the duals of the truck centered
over the gauge.ldéation, and with one of the duals located
directly over the center of the gauges. Four strains that
could, therefore, be compared with the theoretical computer
print-outs were as follows:

1. Transverse (radial) strain beneath center of dual wheel
1oad. '

2. Longitudinal (tangential) strain beneath center of dual
wheel load.

3. Transverse (radial) strain directly beneath the center of
one of the dual wheels.

b, Longitudinal (tangential) strain directly beneath the
center of one of the dual wheels.

38
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The selection of the appropriate time of loading to be used in
the computer solution for each test location Presented a problem.
The actual conditions that existed in the field during the time
of testing were the primary concern for the comparative study.
Because time of loading influences the magnitude of AC stiffness
and because stiffness values are required as input for the
elastic layered program, it was thought that for best accuracy
measured values should be used regardless of the time of day.

The initial attempt was to measure this directly from the strain
gauge traces. However, the strain gauge traces were sometimes
extremely difficult to interpret due to the strain reversals
(shifts from tension to compression or compression to tension)
measured by the transverse gauges during the passage of the

load and what appeared to be an inordinate delay in returning

to the "zero" load condition (rebound) after the application of
loads by the slow moving truck. This resulted in some interaction
between the influence of the front and rear wheels of the truck.
As the majority of the working strain gauges'were orlented in
the transverse direction, it seemed that a better solution would
be to avoid the uncertainties of using the strain gauge traces

to establish the time of loading. Because the traces for the
LVDT's used to measure deflection were much "cleaner" (see Figure
12), these traces were used to estimate the time of loading at
four depths within the pavement. The times used were the
averaged results for the various runs.

In some instances, a time of loading of as much as 9 seconds was
indicated. These extremely lbng times of loading did not appear
to be realistic when compared with other sources such as the
charts by Barkdale and Hicks (Figure 13) which have been used by
several researchers for establishing laboratory test time. For
example, the time of loading for a 0.70 mph (0.31 m/s) truck speed
and a pavement depth of 1.5 feet (458 mm), from interpolation,
would only be approximately 3.7 seconds per Figure 13 whereas
times of loading as great as 9.5 seconds were indicated by the
LVDT traces., This apparent anomaly was not resolved.
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DEFLECTION

TIME
Flgure 12

TYPICAL LVDT DATA
USED FOR
MEASUREMENT OF TIME OF LOADING

Another unusual aspect of the LVDT data was the decrease in time

of loading that was measured as the distance beneath the AC surface
1ncreased for both Test Sectlon A stations. The indicated load
tlmes for both Test Section B statlons showed the expected increase
with depth. The trend in deflections measured also was contrary

to that expected in that they generally increased wlth depth.

Thus; although no definite conclusions could be reached, it
appeared as though the Blythe A LVDT data may have been reversed

- i.e., an error 1n record keeping and identification during the
teating phase may have occurred, or the leads to the recorder not
properly identified or attached. Also, the requirement of the
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computer program that the same stiffness be assigned to all the
AC, regardless of depth below the surface, for a given computef
"run" was contrary to that measured and to Barksdale and Hicks'
data, thus suggesting that multiple "runs" and superposition
would be required.

Because of the problems encountered regarding determination of the
time of loading, three different approaches were used for input to
the computer. The first consisted of using the data obtained from
the LVDT traces. The second and third consisted of using the times
of loading obtained from the Barksdale and Hicks data (Figure 13) by
interpolation. In one.case, the times were selected according to
the distance below the AC surface - i.e., an increase with depth.

In the other case, the time of load indicated for the AC surface

per Barksdale and Hicks was used for every level within the AC

in accordance with the work reported by Monismith.

The velocity of the truck used to apply the test load was determined
for each run using the known distance between the front and rear
wheels of the truck and the time interval on the LVDT traces between
the maximum deflection due to each of these loads. The truck was
operated at creep speed so that the pavement surface deflection
could be measured with the Benkelman beam in the conventional manner,
Because the sensifivity of the time of loading per Barksdale and
Hicks was relatively small within the range of test load velocitiles
used, the velocity used for the selection of time of loading from
Figure 13 was the average of all the test runs for each station.

The pavement stiffness values were determined using the method
developed by Kasianchuk to calculate the stiffness/temperature
relationship and then selecting the calculated stiffness associated

with the measured (thermocouple or estimated) temperature for each
layer.
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The input values and the calculated AC stiffnesses are summarized
on the following Tables 13 and 14, These data reveal the substantial
dependency of calculated AC stiffness upon time of loading and
temperature - l.e., the thermoplastic properties of AC. Substantial
AC stiffness differences were obtained when the different times

of loading were assumed. However, the use of superposition wherein
all the AC was assigned each of the times-of-loading, the AC
stiffnesses calculated for all levels, and the stiffness only

for the level associated with the selected time of'loading then
assembled and reported, may or may not be valid. This 1s discussed
in more detail later. In several instances, the change in calculated
stiffness for a given temperature was as great when the assumed
time of loading changed 6i seconds (Col. 1 versus Col. 2) as it

was when the time of loading changed as little as 0.2 seconds

(Col. 3 versus Col. 2). This result appears to be somewhat
questionable and indicates that (1) the use of this theoretical
approach may not be valid for times of loading on the order of

7-10 seconds (Col. 1) or (2) there may be a limiting value between
2+ and T+ seconds beyond which the effect of time of loading upon
AC stiffness decreases significantly. The calculations also
indicate that the range in stiffnesses to be expected between the
top and bottom of 12 to 18 inch (305 to 458 mm) thick AC is
substantial. These values may differ by as much as a factor of

6 (Station 273+00, Col. 1). However, in some instances, the
difference between the calculated AC stiffness at the surface and
that in the bottom 1ift was essentially zero, Also, the range

in stiffnesses that would be encountered during a one year

period due to temperature and other changes will also probably

be significant. Thus, any mix design optimization (by 1lift) to
obtain a particular AC Stiffness, elther initially and/or over the
expected service life of the pavement, does not appear to be
appropriate based upon these data.
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Both transverse and 1ongiﬁudinal strains were calculated for
locations beﬁeath the center of the dual wheels and beneath one
of the dual wheels. The strains were calculated at the surface
of the DGAC pavement and at four distances beneath this surface.
The stralin gauge data was then assembled, examined, and the
theoretical and measured Values compared. These data for Test
Section A are presented in Table 15.

Examination of these data revealed several instances in which
excellent agreement between individual calculated and measured
strains was obtained. 'However, there also were several instances
in which these values differed by factors of two or more. There
was generally good agreement of the measured strains from run to
run, thus lending some'credibility to the repeatability of the
equipmenﬁland indicating that the difference in load application
speed and location did not significantly influence the magnitude
of the measured strain. Because the AC stiffnesses used for the
calculatibn of theoretical strains differed substantially in

many instances depending upon the time of loading assumed, there
alsc were substantial differences in the magnitude of theoretical
strains. For the two or three cases in which all three calculated
strains were approximately equal (see No. 13, Table 15), agreement
between the calculated and measured strains was poor. Unfortunately,
comparisohs'of the measured strains and the theoretical strains
using the three different time-of-loading values for calculating
AC stiffness did not indicate that any of the three was obviously
superior In all instances. These comparisons did reveal that the
strain calculated using AC stiffness based upon measured time of
loading agreed wlth the average measured strain best in nine of
the eightéen cases studied. In some instances, this agreement was
very good (Nos. 1 and 9, Table 15). However, for some of the other
cases, the use of measured times of loading per LVDT data for
subsequent strain calculations resulted in very poor agreement
between measured and calculated strains (Nos. 4, 5, 8, 10 and 14,
Table 15). 1In some of these cases, none of the calculated strains
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agfeed weli'with the average measured strain. Also, in three of
these five cases, only one strain measurement was obtained and in

the other two cases, the range in measured values was substantial.
When comparing the two calculation procedures incorporating Barksdale
and Hicks times of loading, the application of different times of
loading appropriate for each of fhe layers and subsequent super-—
position appeared to be the better of the two approaches. The strain
calculated using this ﬁrocedure agreed best with the average measured
strain in six of the eighteeen cases. In some instances this agree-
ment was very good (Nos. 10 and 11, Table 15). Thus, for 15 of

the 18 compariéqns made, the assignment of Times of loading appro=-
priate for each layer of AC to the entire thickness of AC,
calculation of strains,?and assembly of these calculations using

only the values for the appropriate layer from each calculation
resulted in the best agreement with the measured values for Blythe
Test Seqtion_A{

The. calculated and measured strains for Blythe Test Section B

were assembled and evaluated In the same manner (see Table 16).

In this case, 26 different combinatlons were compared. Again,

the majority of the strain gauges providing data were oriented
transversely. There agaln was good repeatability of the measured
values from run to run, thus indicating that the differences in

test vehlcle speed and wheel location relative to the lnstrumentation
from run to run generally did not significantly influence the

strain gauge readings. Also, there agaln was very good agreement
between the measured values and one or more of the calculated
values in some cases (Nos. 5, 6, 11, 13, 14, 20, 23, and 26,

Table 16) and rather poor agreement in other cases (Nos. 8, 9, 16,
and 18, Table 16). The overall agreement, however, was considerably
better than that for Test Section A. There were very few instances
in which all of the calculated values differed from the measured
values substantially. Contrary to the results for Test Section

A, the theoretical approach that provided the best agreement
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between measured and calculated strains was that incorporating AC
stiffnesses determined by assigning the time of loading per Barksdale
and Hicks (Figure 13) for the AC surface to the entire AC thickness.

Willits

Strain gauges were placed in both the longitudinal (tangential)
and transverse (radial) directions at each 1ift for the two test
stations ét‘Willits. The testing was accomplished with the duals
straddling the gauges and with one of the duals centered over

f the ‘Fauges.  Only 8 gauges could be recorded at any one time, At

Station 139, the gauges were monitored such that the data from at
least one strain gauge from each 1ift would be recorded for each
run. At Station 140, all the gauges at each 1ift were recorded at
the same time. Again, as at Blythe, the strain measurements that

-eould-be compared with the calculated strains were the following:

1. Transverse (radial) strain beneath center of dual load.

2. Longitudinal (tangential)-strain.beneath center of dual load,

3. ?Transverse (radial) straln beneath the center of one wheel
© . of the duals.

L Longitudinal (tangential) strain beneath the center of one
' wheel of the duals.

The times of loading used for the calculation of AC stiffness were
based on the same criterion as that used for the Bljthe test section
data, i.e., (1) use the time of loading measured on the LVDT

traces for eéch 1a$er, determine the stiffness of the AC in each
layer using each time of loading for the entive thickness of AC,
then combine the data by assembling the stiffness value from each
set of calculations only for the layer for which the time of load-
ing had been determined, (2) use the time of loading appropriate
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¥Temperature measured with thermocouples at the time of testing.
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for Station 139 using the measured times of loading (Col. 1) were
significantly less than 25 ksi (172 MPa). Even the stiffnesses
calculated for Statioﬁ 139 using the significantly shorter Barksdale
and Hicks times of loading were, 1n all but one case, also less
than 25 ksi (172 MPa)., The same was true for the AC located at
Station 140 in that only six combinations of the 48 tried resulted
in theoretical AC stiffnesses of 25 ksi (172 MPa) or more. This
was true even though the times of loading were generally of the
same order of magnitude as those encountered at Blythe when using
the Barksdale and Hicks data (Figure 13). Thus, it appears as
though the only major contributors to the tremendous difference

in AC stiffness between Blythe and Willits were the pavement
temperature and the penetration of the recove;ed asphalt. These
differences of from 55 to 80°F (13 to 27°C) in pavement temperature
and from 31 and 45 to 57 in penetration of the recovered asphalt
resulted in calculated AC stiffness varying from 450 ksi (3100 MPa)
to less than 2 ksi (13.8 MPa). The shear magnitude of this
difference railses questions regarding the validity of the apparent
sensitivity of the computer program used when considering the
difficulties that will often be encountered when attempting to get
climatic data, and the falrly rapid change in asphalt penetration
that sometimes occurs as pavements age. Also, there ls the
possibility that the frequently assumed 25 ksi (172 MPa) AC
stiffness is not appropriate. However, the extremely low values
estimated for a number of combinations (less than 2 ksi (13.7 MPa))
also seem to be somewhat questionable.

In an attempt to determine the accuracy and apparent sensitivity
of the modilified Chev 5L program for use in calculating pavement
stress, strain, and deflection, two sets of AC stiffnesses were
assumed for the ecalculation of pavement strain. The first series
of theoretical strains was calculated using those theoretical
stiffness values closest to 25 ksi (172 MPa) for each AC layer at
Station 139. The second series of strain calculations was made
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assuming an AC stiffness of 25 ksi (172 MPa) throughout. These
theoretical stralns were then compared with those strains measured
at Station 139 in an attempt to verify the results of the modified
Chev 5L procedure. These data are presented in Table 19. Each
measured strain reported is the averagé of up to six measured
strains from one or two gauges. Examination of these data revealed
the apparent lack of correlation between the values calculated using
both sets of AC stiffness and the measured strains. Generally,

the average measured strains were less than the calculated strains
using either of the AC stiffnesses. Thus, the very low calculated
stiffnesses on the order of 2000 psi (13.8 MPa) and less appear to
be questionable in that AC stiffnesses consistent with the measured
strains would generally be greater than the stiffness values used.
A few of the sets of measured strains look fairly reasonable
regarding change in magnitude with depth, such as the second and
third sets under ohe of the duals in the longltudinal direction
(Table 19). There were isolated instances when one or more of

the measured strains was approximately the same magnitude as

ohe or both of the calculated values but this was the exception.
There was no ob#ious superiority noted for elther of the sets

of calculated values. Examination of the data indicated that

the agreement between the measured and calculated stralns became
progressively poorer as the depth below the surface increased.

The greatest theoretical strain occurred in the second or third
layer in all cases. The maximum measured straln varied throughout
the AC depth from run to run.

The data accumulated at Station 140 provided an opportunity to
determine the uniformity of the various methods of in-situ
strain measurement used with regard to "repeatability" and with
regard to comparative measured values at the same distance below
the AC surface for the same "run". Thesé data are presented in
Table 20 and indicates that gauges located at the same depth
within the AC measured strains differing by as much as a factor
of 30 for a single application of the load (Run No. 2, transverse
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" Pable 19

COMPARISON OF CALCULATED AND MEASURED AC PAVEMENT STRAIN
WILLITS TEST SECTION

Statlon 139-~00

Caleulated Measured Gage Loecation -
Gauge (10~6 in./in.) (10"6 in./1in.} Distance Below Surface
Ne, Conditions Meas(l}|Assumel<) Varicus Runs Avg. Ft. (mm)
. _34
1 Longlt direction 52 41 76 =220 39 - 0.12 (37)
2 | under & duals 145 185 - =191 =77 ~134 0,24 (73)
3 267 294 =145 =68 =112 -108 0.45 (137
4 287 285 147 98 51 99 0.67 (204)
5 145 145 458 241 W15 371 1.08 (329)
6 | Transv. direction | -338 -217 -295 =362 =424 =360 0.12 37
7 | under B duals ~366 =lz25 ~200 ~--= =368 -28Y% 0.2k (73)
8 -335 =359 =250 =125 -igg =248 0.45 (137)
9’ -19€ -186 67 ~72 151 _— 0.67 (204)
w0 -1 -8= 136 73 ~80 — 1.08 (329)
11 | Longit direction | -k2g 276 -273 -278 -238 =198 | -247 0.12 (37)
12 | under B one wheel | 501 584 ~13§ =103 =138 =101 =119 0.24 (73)
13 523 559 416 -84 =76 359 —_— 0.45 {137)
14 hot 396 306 135 102 233 194 0.67 {204)
15 149 149 522 27h 244 382 356 1.08 (329)
: ’ 86 -58
16 | Transv. direction | 432 274 92 =98 57 lg? —— 0.12 (3n
: E =81
17 | under b one wheel | 477 553 93 == ——= 684 o 0.24 (73)
18 458 488 431 e e 75 253 0.h5 (137)
19 322 310 125  —ew 68 70 88 0.67 {204)
20 ~ 10 g | -120 66 58 38 — 1,08 (329)
1. The AC stiffnesses used were the maximum values calculated for each layer. They were as follows:
Layer 1 M, = 11,000 psi (76 MPa) '
2 16,000 pal (110 MPa)
3 .. 28,000 psi (193 MPa)
i 24,500 pst (169 MPa)
2.

The AC stlffness assumed for all the layers was 25,000 psi (172 MPa)

www . fastio.com
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Table 20

COMPARISON OF CALCULATED AND MEASURED AC PAVEMENT STRAIN
WILLITS TEST SECTION

Station 140+00

Measured Strain Calculated:
Run ' (10_6 in,/in.) Strain _
No. | Location Longitudinal by Gauge [ Transverse by Gauge ong Frans)
1 | Bottom Layer 1] -~188 =245 132 -277 =37 =568 -2973
; 2§ (-0.12") ———— =253 1h0 -396 -29 =672 =969
: 3 -153 -326 =160 -380 ——— =691 =864 +40.6| ~217
? 4 -169 =282 =100 =301  w—= =541 -349
| 5 -154 -298 -144 ~324  -—— -676 -388
{
| 6 | Bottom Layer 2| =250 =78 ———o -231 -108 =400
; 7 | (=0.241) ~257 =78 —m—-— «221 =130 =400 +185 | =425
; 8 -265 =95 —mae- -237 =90 =550
i 9 -288  -78 e -262 ~101 =563
_ 10 | Middle Layer 3| -45 +412 _63 -62  -79 =78
; 11 | (-0.451) -59  +392 _72 ~-81 - -108 =80
| 12 ﬁ \ -59  +89° -82 | -91 -110 -84 +294 | -359
13 - -61  +70° ~91 w77 mmem =78
14 S -59  +55° _87 -87 ~102 -86
15 -83  +372 -95 ~96 -140 ~96
16 | Bottom Layer 4 -620 =592 ~-79 -62 +145 +1
17 (=1.091) -620 =611 -98 =74
1. Using assumed AC stiffness of 25 ksi for each layer.
2. Probably should be compression based on other measured values.
3. 1 FPt. = 305 mm. '
57 '
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gaﬁgeé). The extreme values for a single run usually differed
by a factor approachihg two or more, The agreement between

the measured strains and those calculated using an AC stiffness
of 25 ksi (172 MPa) was veéry poor. The measured values were
considerably greater than the calculated values near the surface
whereas they were'considerably less than the calculated strains
for layer 3. Comparison of the strains measured by individual
gauges from run to run revealed reasonably good "repeatability".
Thus, the strain data from the extensively instrumented Wiilits
Test Section definltely indicated that none 6f the instrumentation
.methods was obviously superior. Also, the data included in
Tables 19 and 20, althoﬁéﬁ somewhat inconclusive, indicates that
the theoretical procedure used may not bé appropriate for the
pavements studied.

- E. Pavement Deflection

Indioc =

Pavement defléctions were measured with LVDT's, the Deflectometer,
and the Dynaflect at Indio. A representative set of surface
deflection data is presented 1n Table 21, below. Although the

- measured surface deflection was minimal, very good agreement was
achieved between the California Deflectometer, Dynaflect (when
édjusted per correlation curves), and the in-situ deflection

‘ measured with the LVDT located closest to the pavement surface.

Table 21

PAVEMENT DEPLECTION
INDIO
Device Deflection
_LVDT_ _ 0.007 in. (0.177 mm)
Deflectometer 0.008 in, (0.203 mm)
Dynaflect 0.007 in. (0.177 mm)
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Because of the difficulties encountered when attempting to interpret
and analyze the other in-situ measurements at Indio, the effort |
required for comparisons of only the theoretical and measured
pavement deflections was not considered warranted.

Biythe

Deflections were measured using a Benkleman beam and using LVDT's
attached to brackets ilmbedded in the AC at various distances

below the surface as shown on Figure 14, The tests were conducted
using a truck that applied an 18,600 pound (8,437 kg) axle load

to the pavement. The tire pressure was 80 psi (552 kPa). Comparison
of the measured surface deflections (see Table 22) shows the values
obtained with the Benkelman beam to be greater than those obtained
with the LVDT's for all four test locations. At first glance,
there appears to be no pattern for the different deflection
methods. However, when the LVDT readings were subtracted from

the Benkelman beam readings the differences were .0040, .0028,
-0034, .0027. 1In terms of the precision of the Benkleman beam
data reported, these differences are 4, 3, 3, and 3 thousandths of
an inch (0.10 and 0.08 mm). " One contributing factor to this nearly
constant difference probably was the location of the upper LVDT's,
In order to function, they were placed 1-3/4 inch (44 mm) and 1~
1/4 inch (32 mm) below the surface of the AC at Test Sections A
and B, respectively. It is quite possible that the approximately
0.003 inch (0.08 mm) difference in the deflection measured with

the Benkelman beam occurred within thls uppermost 1-1/4 to 1-3/4
inches (32 to 44 mm) orf pavement.

Pavement deflections were measured at various depths Wiﬁhin the

AC using the LVDT's for comparison with those deflections

calculated using the modified Chev 5L program. The deflections

were calculated three times for each locatlon so that the stiffnesses
previously calculated using the different measured or assumed times
of loading could be used for the pavement deflection calculatiocns

in a manner similar to that used for the strain calculations.
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Figure 14
AC DEFLECTION MEASURING DEVICE
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27§+00

"

273475
274400
274+25

Station

373+75

374+00
374425

' 374+75
375+00
375+25
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Table 22

AC PAVEMENT SURFACE DEFLECTION
BLYTHE TEST SECTION

Test Section A

Benkelman Beam

(In.)

0.013

0.012

& 0.012
Avg. 0.012 (0.30 mm)

0.014

0.015

0.014
Avg., 0.014 (0.36 mm)

Test Section B

Benkelman Beam
(In.)

0.007
0.007
0.006

Avg. 0.007 (0.18 mm)

0.008 and 0.006
0.008 and 0.006
0.006 and 0.005

Avg. 0.006 (0.15 mm)

61

"Surface" LVDT
(In.)

0.0080
(0.20 mm)

0.0112
(0.28 mm)

"Surface' LVDT
(In.)

0.0036
(0.09 mm)

0.0033
(0.08 mm)


http://www.fastio.com/

VTheseﬁ&Eflection data are presented in Tables 23 and 24, Examination
of the data in Table 23 indicates that none of the sets of calculated
deflections correlated well with the measured deflections. Individual
calculated and measured values agreed quite well in some cases,
however.® The measured deflections did not even show the expected
trend toward decreasing deflectlon with depth beneath one of the

dual tires., The only trend apparent In the measured values was

toward maximum deflections at or near mid-depth within the AC.

This is consistent with the calculated values for deflection beneath
the center of the dual wheels. As expected, the longer times of
loadlng, which resulted in lower AC stiffness, also resulted in hlgher
calculated deflections for the Barksdale and Hicks supperposition
procedure and the LVDT-determined time of loadlng. The prediction
and measﬁrement of maximum deflection at mid-depth apparently 1is

a measure of the heaving action that often takes place in unstable

AC between dual tlres. .

‘ ”ﬁ%~65flection daba does not show a definite pattern for any one
f"time of loading procedure for all four test locations. For Blythe
A the longest timé of loading (designated LVDT) gave the best
comparatlve results for both test sections, while for Blythe B,

the constant (Barksdale and Hicks) time of loading with depth

gave the best results. The LVDT readings for the Blythe A (l2-
inech (305 mm) thick) test sections were almost always greater than
the theoretical results while the reverse was true for the Blythe
B test sections (which contained 18-inch (458 mm) thick AC).

The overall deflection results for Blythe indicate no one time of
loading would be best for all the conditions tested. The results
did indicate the deflections near the bottom of each layer had a
tendency to converge toward the calculated values. However, the
correlation between measured and calculated deflections was, with
rare exception, uniformly poor and the trend of the measured values
questionable. With this in mind, the refinement of determining

the time of loading for each layer does not appear to be necessary.
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Willits

Several methods were used to measure pavement deflection at Willits
for subsequent comparison with the pavement deflections calculated
using the modified Chev 5L computer program. LVDT's were used

to measure deflection at four depths in the pavement. These
locations were noted on Tables 10 and 11, For additional
information, deflections were also measured with the Benkelman
beam and with the Deflectometer, which was used as the test

vehicle for all the Willits testing. The comparative results

for the surface deflections are shown on Tables 25 and 26. The
LVDT data 1s from only the device nearest the top of the pavement
surface.‘ For each Station, the results have been separated

for the morning and afternoon tests. Slightly higher deflections
were recorded for the afternoon tests, presumably due to the higher
pavement temperatures.

At the Blythe test secticns, the deflections measured with the
Benkelman beam were consistantly more than those measured with the
"surface" LVDT''s. dJust the oppoéite was true for the Willits
test section. The results at each Willits test location were
consistant in that the greatest deflection was measured with the
LVDT's and the least deflection with the Deflectometer. The range
in test results obtained with each of the three methods at each
location was not excessive. Also, the values for the various

test methods agreed reasonably well with the exception of the
LVDT's in the afternoon at Station 139.

The LVDT's were used to measure the in-situ deflections for comparison
wilth the calculated values at different depths within the pavement,
These measurements are presented in Table 27. Again, three sets of

AC stiffnesses were used for the calculation of the theoretical
deflections. Comparilson of the measured and calculated

deflections indicates that the measured deflections beneath the center
of the duals exceeded the calculated values by factors of two or
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Table 25

AC PAVEMENT SURFACE DEFLECTION
(INCHES)
WILLITS TEST SECTION
(STATION 139)

AM Tests
Deflectometer Benkelman Beam L.V.D.T.(l)
0.024 0.028 0.038
0.025 0.032 0.040
0.024 0.025 - 0.039 (0.99 mm)
0.025 0.033
0.027 - 0.028
0.025 0.038
0.029 . 0.033 11 032
0.0Z6 (9o.566 0.029 Avg. of all Devices = (. (0.81 mm)
' ¢ ) 0.03T Range = 0.013 (0.33 mm)
(0.79 mm)
PM Tests
Deflectometer Benkelman Beam L.v.p. 1. (V)
0.028 0.037 0.050
0.028 - 0.031 0.048
0.030 . 0.027 0.049 (1.24 mm)
0.029 0.044
0.030 0.033
0.030 0.026
0.035 0.042
0.032 0.034
0.035 : - 0.030
0.03T (0.79 mm) 0.03%4 (0.86 mm)

Avg. of all Devices = 0.038 (9,96 mm)
Range = 0.018 (0,46 mm)

(1) Indibidual readings for the L.V.D.T. nearest the top of
the AC pavement - June 19, 1973
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Table 26

AC PAVEMENT SURFACE DEFLECTION
(INCHES)
WILLITS TEST SECTION
(STATION 140)

AM Tests

Deflectometer Benkelman Beam L.v.p.T.(D)

0.024 0.022

0.025 0.034 ‘No "AM"

0.024 O 032 Readings

0.025 0.032 :

0.025 0.030 (0. 76 mm)

0.027

0.025 Avg. of all Devices = 0.028 (0.71 mm)

0.029 _ Range = 0.004 (0.10 mm)

0.0 26 (0.66 mm)

PM Tests _

‘Deflectometer Benkelman Beam L.V.D.T.(l)

0.028. 0.030 0.034 (0.86 mm)

0.028 0.029

0.030° 0.040

0.029 0.035

0.030 0.032

0.030 0.041

0.035 0.030

0.032 0.03%4 (0.86 mm)

0.035

0.03T (0.79 mm) Avg. of all Devices = 0,033 (0.84 mm)

Range = 0.003 (0.08 mm)

(1) Individual readings for the L.V.D.T. nearest the top of
the AC pavement
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more, even when using the lower AC stiffnesses to calculate
deflection. Somewhat better agreement between the measured and
calculated deflectilons was obtained near the surface of the AC
‘beneath a single wheel when using the lower AC stiffnesses,.

The decrease in measured deflection with depth was considerably
lower than that calculated using the modified Chev 5L Program.

Also, the sets of measured deflection data did not show the expected
trend toward progressively less deflection with depth. -

Additional tests were conducted at slower vehicle speeds which,
as expected, resulted in even higher measured deflections. These
results indicate that the AC stiffness required to force the
calculated deflections to agree with the measured deflections
would be unreasonably low in most cases. Because of the
unexpected trend and magnitude of the measured deflections, it
must again be concluded that the measured data 1s of questionable
validity and, as such, should not be used as & basis for
conclusions regarding the validity of the modified Chev 5L method
of calculating anticipated AC deflection.
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F, Stress at Subgradé Surface

Two University of California type pressure cells were installed

at the AC/subgrade interface at Blythe, with one at Test Section

A and one at Test Section B. The gauges were made in the Caltrans
Labofatory and calilbrated prior to installation. The interim report
(4) contains a desecription of the gauges. They proved to be

easy to install and provided data that seemed reasonable.

The comparative stress data are shown on Table 28. The stress

at the bottom of the asphalt concrete pavement was calculated
usiﬁg the three groups of AC stilffnesses used for the calculations
of AC strain and deflection.

The average measured stress agreed very well with one or more of
the theoretiéally determined values at each of the locations.

The best results for the 12 inch (305 mm) section (Blythe A) were
obtained using_the times of loading per Barksdale and Hicks

(Figure 13). TFor the thicker Blythe B sectlon (18 inch 458 mm),
The best results were obtained when AC stiffnesses calculated using
the time of loading from the LVDT data was used. In all four cases,
the agreement between the average measured stress and one of the
calculated stresses was very good. In three of the four cases,

the use of different times of loading in accordance with the
different levels within the AC provided the best correlation.

Thus, contrary to many of the findings for strain and deflection,
the stress data indicate that the assignment of AC stiffness layer
by layer is the superior approach.

G. Theoretical Fatigue Life (Blythe and Willits)

The theoretical fatigue lives weré determined for the Blythe and
Willits Test Sections using the computer programs described
previously in addition to a final computer program developed by
Monismith (6). The AC stiffness values and frequency of occurrence

70
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Table 28

STRESS DATA
| (PSI)
COMPARISON OF MEASURED AND CALCULATED VALUES
BLYTHE TEST SECTION

Test Section A
Station 274+00
0.94' Below Surf.

Beneath Beneath
Center of Load Center of One Wheel
Calculated Meas, Calculated | Meas.
8.75 per Lypr(l) 5.75 9.19 per Lypr(l) 7.11
6.45 per B&H 2; 7.53 6.54 per B&H 23 8.37
6.69 per B&H(3 6.69 6.82 per B&H(3 4.71
Avg. 6.69 psi 3.23 .
(46.1 kPa) Avg, 6.36 psi
(43,8 kPa)
Test Section B
Station 375+00
1.53' Below Surf.
Beneath Beneath
Center of lpad Center of One Wheel
Calculated Meas, Calculated Meas.
3.71 per LV 51) 3.35 3.43 per LvDT(D) 3.14
2.48 per B&H(Z) 3.97 2.33 per B&H 2; 3.03
2.16 per BaH(3) 3.66 1.85 per B&H(3 3.97
. 3.66
Avg. 3.66 psi
(25.2 kPa) 3.24
Avg. 3.41 psi
(23.5 kPa)

(1) Time of loading determined from LVDT charts

(2) Time of loading determined from Barksdale & Hicks' chart

(3) Time of loading determined from Barksdale & Hicks' chart
for surface -~ this time used for all layers

(4) 1 foot = 305 mm
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were determined using the program that incorporates the nomograph
developed by Shell (AC stiffness at different temperatures) and
Barber's equation for AC temperature variation with depth based
upon climatological conditions. The strain at the bottom of the
asphalt concrete pavement was determined using the modified Chevron
5L program, The data from these programs were then input into the
program "FATIG" to determine the fatigue life of the structural
section. One particular feature of the present system that limits
its practicality for design ls that 1t must be used with an actual
or assumed structural section design.

The procedure thén becomes one of trial and error until a structural
section is founhd that has a theoretical fatigue life equivalent to
the anticipated traffic, For the structural sections studied,

the problem was only one of determining the predicted life for the
existing materials, physical conditions, and structural sections.

The ‘weather data for Blythe were obtalned from the Climatological
Data published by the U. 3. Department of Commerce and are shown on
Tabie 29, Table 30 contains the asphalt concrete properties and
stiffness values determined from the Shell nomograph. These data
were used to determine the stiffness modull, using the computer
solution deseribed earlier, and to develop the frequency matrix
(Tables 31 and 32). The frequencies shown are the number of months
that each one hour interval had a mean stiffness in the group shown.

These data plus the estimated annual average daily truck traffic

(Table 33) were used for an analysis of a five-layer system con-
sisting of 4 layers of asphalt concrete on a semi-infinite subgrade.
The modified Chev 5L program was used with 12 different load-stiffness
combinations to cover the range of stiffnesses and traffic loads
anticipated. These were:

72


http://www.fastio.com/

od955°0 = 5D

8*T/(2= do) = Do

S/W Lhyt0 = ydw T :830N

g°€ 0l2 9 9°he T° €S *09(

g2 T4 L L*Gz 6°29 *AON

G°T 0tq L 2'6¢c g* Gl *100

6°1 094 L €le 8°98 *adsg

G 2 069 6 T°62 L°46 *a8ny

gz 0L9 0T 7°92 £°66 &tnp

ST ozl 6 g2 1e 0".8 aunp

g€re 004 6 0°1E G 6L Kel

g°e 019 6 9°62 g0l TTady

G*€ qTS 8 0°ge 0°€9 Yoaey

f°€ o g 7192 0'65 *qad

6°h Tl L l*sqz G €9 ‘ugp

(0T-0) (£eq_Jed (ydur) (do) (do) Y4uol
JISA0H ANG sfoT3uwT) £ATD0TOA PUTM a3ury *dus], aTV
ATyquopn *3ay *TOSUT JBTOY ATysuop *3Ay rdusy, JITVY ATUAUON *TAY

ATyjuol *BAy ATTeq *3AY

HHLATYE

SHHNLVHHEIWHL EZmEMbﬂm d0 NOIIVTINWIS dHI NI GUSN VIV HHHLVEM

62 °T0ey

73

www . fastio.com

ClibPDF -


http://www.fastio.com/

Ring and Ball Softening Pt
Penetration at 77°F (25°(C)

Table 30

STIFFNESS CALCULATIONS

Unit Weight of AC

BLYTHE

n

129°F (53.8°C)
31
147.3 pef (2360 kg/m3)

Alr Voids Content = 6.3%
Vol. Conc. of Aggreg. (Cv) = 0.913
Sp Gr. of Agg. = 2.65
Asphalt Content = 3.6% )
P.I. = =1.,0
Time of Loading = 0.10 sec.
Temperature
R&B Temp.| Pvt. Temps. |Difference Stiffness#® Stiffness(625
gl) §2) C§) (4)=(%)-(3) CSA (6)= (5)X1-ngl0
C F c C N/m Kg/cm
53.8
4o 4oy 4o.4 2.2x108 2300
50 10.0 43.8 1 X108 1020
60 15.6] 38.2 y.8x107 490
70 21.1|  32.7 1.9x107 195
80 26.7 27.1 5.0x106 51
g0 32.2 21.6 l.5x106 16
100 37.8| 16.0 5.5x10° 6
110 43.3]  10.5 2.0x10° 2
120 48.9 k.9 9.0x104 0.9
130 54.4 -0.6 3.Ox10u 0.3
140 60.0] -6.2 1.2x10" 0.12
150 65.6| -11.8 5.0x103 0.05
*Obtained from Nomograph for Determining the Stiffness Modulus of

Bitumens, 3rd Edition 1972.
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Table 31

THEORETICAL ASPHALT CONCRETE STIFFNESSES - KSTI

BLYTHE TEST SECTION A

Depth
Month 0 - 2.5" 2.5 -~ 6,5" 6.5 - 10,25"
January 1,352,780 1,444,790 1,497,200
February 874,950 967,560 1,030,800
March 624,680 685,700 743,270
April 329,820 340,760 358,570
May 141,750 148,600 158,650
June 74,970 79,790 86,290
July 54,270 57,750 61,270
August 52,960 56,830 60,600
September 82,780 89,950 97,580
October - 228,720 239,000 252,520
November 725,040 795,660 853,050
December 1,325,550 1,424,180 1,480,740

Determined for a time of loading of 0.1 sec.

l-inch =

25.4 mm

1 KSI = 6.89 MPa

www . fastio.com
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Table 32

FREQUENCY OF OCCURRENCE OF STIFFNESS

BLYTHE TEST SECTION A

Stiffness Group - PSI x 107
50- 75= 100- 200- 300- 400~ 600- 800~ 1000-

1500-
2000

1000 1500

400 600 800

300

75 100 200

25-
50

Time
Interval
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1 KSI = 6.89 MPa
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1. Three stiffness moduli for the asphalt concrete: 75,0003
350,000; and 1,250,000 psi (517, 2412, and 8613 MPa) (Blythe A) or
1,500,000 psi (10,335 MPa) (Blythe B). Poisson's ratio for each
layer was assumed to be 0.40,

2. Four axle load groups: 4, 10, 18, and 24 kips (1.8, 4.5, 8.2,
and 10.9 kg) (dual wheels with 75 psi (517 kPa) tire pressure), and

3. Subgrade modulus of a constant 25,000 psil (172 MPa) with a
Poisson's ratio of 0.35.

The maximum strain (usuglly the tangential strain) on the under-

side of the asphalt concrete was then plotted on a graph of stiffness
versus strain, as shown on Flgure 16, and then as computed strains
versus axle loads for a range of layer stiffnesses (Figure 17 - at
least one for each stiffness group as determined in Table 32).

Using these data and the results of fatigue tests conducted by
Monismith of "strailn versus repetitions to failure", (see Figures

18 and 19) Table 34 was deVeloped. Thls shows the relationship
between stiffness, axle group, strain, and fatigue life.

The final phase in the fatigue life determination is the input

of these data into the program "FATIG". The program combines the
data obtained from the multi-layered elastlc system and the temper-
ature simulation system with traffic and fatigue data to obtain

the expected fatlgue 1life of an asphalt concrete pavement. A linear
summation is then used to determine the annual fatigue life damage.
The volume of truck traffic was lncreased at an assumed annual
growth rate and the computations repeated until the accumulated
fatigue damage reached a value of 1.0. The results for the Blythe
sectlons were as follows:

Based on initial ADTT = 1H6k4

Annual rate of traffic expansion = 2,13%
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Figure |6

STRAIN
vs
STIFFNESS MODULUS
(FOR LOADS SHOWN)

‘BLYTHE TEST SECTION A

600~
500 p-

400 i~
Tire Pressure = 75 PSI (5|7 kPa)
300~

1

200

100
80

60

|'n.'?'ln; |

40 24 KIP {10.9 kg)

18 KIP (B.2 kq}

108
i

20

10 KIP (4.5 kq}

STRAINS

4 KIP (1.8 kg)

1T TTH

)
|

| | 1§ 1ttt | L1 Lt i1t } Lt 11 11i]
104 103 1086 ' 107
STIFFNESS MODULUS-(PSI}

{1 KS| = 6.89 MPa)

7

ClibPDF - www .fastio.com


http://www.fastio.com/

ClibPD

YYARYARY]

400+

300

200

in./ in.

100

80—

50

STRAINS 107°

30

201

60-:- :

Figure 17

STRAIN
VS
AXLE LOAD
(FOR STIFFNESS SHOWN)

BLYTHE TEST SECTION A

250
350

500

700

900

1250

1750

| L | | |

astio.com

5 10 15 20 25

AXLE LOADS - KIPS
{1KIP = 454 kg }

80

STIFFNESS - KSI

{1 KS! =6.89 MPa)


http://www.fastio.com/

ClibPDF -

Figure I8

STRAIN
VS
REPETITIONS TO FAILURE

FOR THE GENERAL FATIGUE RELATIONSHIP

REPETITIONS TO FAILURE N¢

From Reference 6

81

www . fastio.com

1600 [ STIFFNESS ~KS|

— (1KSi=6.89 MPq) AR VOIDS = 79,
— ( 20

= — 50

; = 100

= 200

? - 00

© 800/

N loooj

= 1500

< - ' ==

= IOO__ —

I_ .

m —

o _

< e .

o —

=

5 _

m

10 N N I RN o L1 1 111 1y

0% 103 108

107


http://www.fastio.com/

&

Figure i9
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Table 34
RELATIONSHIP OF STIFFNESS, AXLE LOAD, STRAIN, AND PATTGUE LIFE
BLYTHE TEST SECTION A

Stiffness Groups - PSI x 105

Strain 6
Axle Load  in./in.x10 25- 50- 75- 100~ 200=- 300- 400~ 600~ 800~ 1000~  1500-
Cyocles
. group (kips) to Faillure 50 75 100 200 300 400 600 800 1000 1500 2000
<3 € 95 T4 <70 <70 <70 <70 <70 <70 <70 <70. <70
N, 1.35E6 2.3E6 - - L - - - L) o o
3-7 € 145 118 36 73 <70 <70 <70 <70 <70 <70 <70
Ng SE5 7.2E% 1.1E6 1,9E§ « - L - « w «
7-8 € 182 150 123 9y <70 <70 <70 <70 <70 <70 <70
Np 2.9E5 4E5 5.TE5 1E6 o - » - - - =
g=-12 € ‘ 212 176 145 110 81 <70 <70 <70 <70 <70 <70
No 2.05E5 2.65E5 3.8E5 6,3E5 1,3E6 - - - - - L4
12-16 € 255 211 175 135 100 85 <70 <to <70 <70 <70
Ng 1.35E5 1.7E5 2.3E5 3,5E5 6.BE5 1.1E6 - - = o o
16~16,25 € 217 230 190 147 110 ok T4 <70 <70 <70 <70
Ng 1.1E5 1.35E5 1.8E5 2.7E5 5.1E5 8.5E5 1,7E6 » o L «
16.25-18 € 286 237 197 152 114 97 7T <70 <70 <70 <70
Nr' 1.08E5 1.28E5 1.65E5 2,4E5 U4.6E5 7.2E5 1.35E6 o w @ w
18-18.5 € ‘300 245 205 158 120 02 . 8 <70 <70 <70 <70
N, '9.2E4 1.1585 1.5E5 2.2E5 3.8E5 6.5E5 1.1E6 - - L L
18.5~20 € 310 255 213 165 125 108 85 <70 <70 <70 <70
Ne 8.5E4 1.06E5 1.35E5 1.9E5 3.4E5 S.UE5 9,.5E5 « L L) "
20-22 e 326 269 222 174 132 115 90 72 <70 <70 <70
Ny 7.6E4 9.4E4 1,2E5 1,6E5 2.8E5 4,3ES 8ES - - - -
a-zy € 345 282 236 185 142 123 97 78 <70 <70 <70
N 6.6E4 8.2E4 1.05E5 1.35E5 2,2E5  3.2ES 6E§  1,1E6 « L -
2h=26 e 362 295 250 195 151 132 104 84 T2 <70 <70
N, 5.8E4  7.3E4 9E4 1.15E5 1,8E5 2,5E5 M4.6E5 B.BE5 1,4E6 - -
2630 € . 384 311 262 206 162 142 113 92 79 <70 <70
L S.1E4  6.4E4 7.8E4 1ES 1,45E5 2E5  3.2E5 6ES 1E6 - -
>30 e - 396 320 271 2154 170 150 121 99 85 <70 <70
Nr 4,8E4 6E4 7E4 9E4 1.3E5 1.65E5 2.7E5 4 ,5E5 T+5E5 o= -
Notes: 1 KIP = U5l kg
1 psl = 6.B9 kPa
1 KSI = .89 MPa
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Year Annual Damage Accumulated Damage
1 .758139 . 758139
2 774287 1.53243
Blythe B
Year Anpual Damage Accunmulated Damage
1 065146 .065146
2 .066533 .131679
30 .067950 .199629
4 .069398 .269027
L .070876 .339903
6 .072386 .1412288
7 .073927 . 486216
8 . 075502 .561718
9 ".077110 .638828
10 078753 <71758%
11 .080430 .79801%
12 .082143 .880154
13 .083893 .964047
ih . 085680 1,049729

Blythe 4

Interpolating gives the following predicted time of incipient
cracking at the bottom of the AC:

Predicted Life

Blythe A = 1.3 years

Blythe B 13.4 years

]
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This same procedure was then used agalin to determine the fatigue
life of the Willits test section pavement, All the data were
assembled in the same manner as discussed for the Blythe sections.
As at Blythe, the modified Chev 5L program was used for 12 load-
stiffness combinations. These were:

1. Three stiffness moduli for the asphalt concrete: 60,000;
200,000; and 550,000 psi (413, 1378, and 3790 MPa); Poilsson's
ratio for each layer was assumed to be 0.40,

2. Four axle load groups: i, 10, 18, and 24 kips (1.8, 4,5,
8.2, and 10.9 kg) (dual wheels with 75 psi (517 kPa) tire pressure).

3. -Subgrade modulus data used as shown above with 8- subgrade
Polsson's ratio of 0.35.

The results of the program "FATIG" were as follows:

'Based on initial ADTT = 789 per day
Annual rate of traffic expanslon = 3% per year

Willits
Year Annual Damage Accumulated Damage
1 .080388 .080388
2 .082800 .163188
3 .085284 248472
h .087842 « 336314
5 - .090478 426792
6 .093192 .519984
7 .095988 .615972
8 . 098867 . 714839
9 .101833 . 816672
10 .104888 .921561
11 .108035 1.029596

- wwwfastio.com
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.Interpolaﬁion gives the final results as:
Predicted Life = 10.7 years

Thus, this appfoach to fatigue life prediction resulted in a
reasonable value for Willits,'but a somewhat low value for
Blythe B considering it was designed for a subgrade R-value of
15 and plaped on a subgrade material having an R-value of 62
and an unreasonable short fatigue 1life prediction for Blythe A.

o

H. Summary

The theoretical proceaure employed to calculate pavement temperature
provided values that correlated reasonably well with those measured
at Indio and Blythe. The procedure 1ls, however, predicated on the
availability of climatic input applicable to the location of the
pavement. These data may not be avallable. Dpifficulties were
encountered at Willits that resulted in a substantial difference
between measured and calculated pavement - temperatures. Thus, if
the procedure developed by Barber and modified by Kasianchuk 1s

to be used, reasonably accurate values for the climatic character-
i1stics shown in Table 12 must be available, either from tables or
actual on-site measurements.

Considerable difficultles were encountered when calculatling AC
stiffness for subsequent calculation of AC stress, strain, and
deflection due to the dependency of AC stiffness on time of locading
and temperature. The computer program used to calculate stiffness
will accept only one time-of-loading value for all the AC per run.
Because this 1s contrary to Barksdale and Hicks and to the measured
times of 1oading, both of which indicate that a change with depth
occurs, a procedure consisting of multiple compuber runs and
superposition was tried in additlon to the conventional asslignment
of only the surface time of loading to all the AC regardless of
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depth. The intent was to then examine the computed arid measured
stresses, strains, and deflections to evaluate the suitability of
using this superposition procedure, and to determine whether the
relatively long measured times of loading were realistic.
Unfortunately, so many other difficulties and anomalies were
encountered regarding theoretical and measured AC temperatures
(Willits), strain, and deflection that very little could be
inferred from the data. The use of superposition resulted in

the best agreement between measured and calculated AC strain for
Blythe Test Section A. However, the opposite was true for Blythe
Test Section B. In addition, very low AC stiffnesses were
calculated for Willits (less than 2000 psi (13.8 MPa) in several

‘instances). This necessitated a change 1n procedure regarding

assumed stiffness that resulted in poor agreement between the
measured and calculated strains. Also, the Willits data indicated
that none of the instrumentation methods tried was obviousliy
superior and that all the measured strains were of questionable
accuracy due to the scatter in the measured values. The deflection
data also were inconclusive in that the agreement between calculated
and measured values was generally poor, the trend in measured
values was questionable, and no single AC time-of-loading procedure
resulted in the best agreement of measured and calculated values
in every case. Thus, the deflection analysis also could not be
used as a basis for conclusions regarding the validity of the
modified Chev 5L method of calculating pavement strain and
deflection. The comparision of measured and caleulated stress at
the bottom of the AC indicated that the assignment of diflecrcnt

AC stiffnesses to each AC layer in accordance with the anticipated
differences in time of loading was appropriate and would provide

a good estimate of in-situ stress. The fatigue data indicated that
the theoretical procedures used may provide very conservative
estimates of fatigue life.
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Because of the numerous unexplained differences between calculated
and measured values revealed by this study, the theoretical procedure
used could not be effectively substantiated or refuted. However,

the intent of the entire study was to determine whether the theo-
retical pavement fatigue approach should be incorporated into the
Caltrans' design procedure. The fatigue life estimates calculated
for Blythe appear to be conservative but sufficient time has not yet
passed to fully verify these estimates. Thus, it appears desirable
to attempt to further verify the theoretical approach examined
herein by making the necessary preliminary measurements and
calculating the theoretipal fatigue lives for several additional
pavements. No additioﬁél extensive instrumentation of in-~service
pavements appears to be warranted, however, until the instrumentation
difficulties encountered are resolved.
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