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Asphaltic concrete core specimens were secured from a contract
constructed pavement in 3 orthogonal directions. These core specimens 
were tested in unconfined compression to determine the complex moduli 
at different temperatures and frequencies. Comparisons of the direc
tional moduli indicated that the material was isotropic in compression 
to a first approximation at the phenomenological level. Block samples 
of the asphaltic concrete were taken and sawed to produce trapezoidal 
specimens for testing in bending to determine complex moduli. The re
sults of these tests indicated that the linear range in bending was sub
stantially restricted in comparison to axial compressive tests . The 
results of tests outside the linear range are presented. Comparisons 
indicated that linear complex moduli in bending and compression were 
the same and it was concluded that this asphaltic concrete was isotropic 
to a first approximation at the phenomenological level. 

•CAN ASPHALTIC CONCRETE be isotropic and have the same properties in all direc
tions? At the molecular, micro, and low macrovolume levels the answer is clearly no 
because the material is a mixture of different components. For structural pavement 
design, however, primary interest is in the phenomenological response of relatively 
large volumes. The work reported here is restricted to such volumes in which test 
specimens and measurements represent average material, and the property investigated 
is its response to surface forces as expressed in the complex modulus, IE* j. 

Previous work here indicates that asphaltic concrete is isotropic, in an engineering 
sense, and exhibits the same properties in tension and compression. That work was 
based on the concept of the complex modulus for asphaltic concrete developed by 
Papazian (!) with Baker (~. This concept was experimentally extended to all pavement 
layers, and lab-measured moduli of these were used with linear elastic theory to pre
dict maximum deflections for in-service pavements undervarious truck loadings, speeds, 
and times of year (3, 4). Such comparisons are necessary and are directly responsive 
to an ultimate answer;however, they may not be sufficient. Full-scale experiments in
volve many and changing variables with corresponding opportunities for compensating 
interactions. At the same time, this evidence of isotropy and equal tensile-compressive 
moduli appears to be contradicted in the literature (~. Because of these anomalous in
dications, it was considered necessary to investigate this basic problem. 

As will be noted in the differing temperatures and frequencies used in the various 
test series, this study was not planned for statistical analysis. The temperature dif
ferences, for example, are partly the result of the time requirements in reaching sys
tem equilibrium with ambient temperature before testing. Mostly these test differences 
reflect the authors' experience in using graphical techniques to normalize large quanti
ties of 3-dimensional test data where strict statistically based comparisons are a study 
in their own right. 

*Deceased, August 4, 1970. 

Paper sponsored by Committee on Flexible Pavement Design. 
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COMPRESSION 

Directional Effects 

&1>ecimens for this investigation were obtained by sawing or coring a never-loaded 
full-scale asphalti.c concrete pavement section located on university farmland. This 
30-ft wide and 120-ft long pavement was built in 2 lanes in 1.5-in. nominal lifts. It was 
constructed under contract for a full-scale investigation of fatigue involving one as
phaltic concrete mix at 5 thicknesses. The design gradation is given in Table 1; con
struction results with the mix are as follows. 

Laboratory compaction 
Asphalt, percent 
Chevron AC, penetration 
Density, pcf 
stability' lb 
Flow, in. 
Filled aggregate voids, percent 
Mix air voids, percent 

Paver 
Rollers 
Control 
Average pavement density, pcf 

(243 cores ranging from 136 
to 145 pcf) 

Average pavement AC content, 
percent (8 chunks ranging 
from 6.2 to 6.8 percent) 

Gyratory 
6.3 
60-70 
147 
3,275 
0.15 
83 
3 

Barber-Green 
10-ton steel tandem and rubber ti.red 
Cores and nuclear 

141 

6.6 

A plot of aggregate percentage passing versus sieve opening raised to the 0.45 power 
is closely linear. 

The sides of cores and faces of sawed slabs showed that elongated aggregate particles 
tended to be orienled parallel to the plane of rolling. This is typical of local, if not all, 
aspbaltic concrete pavements. To detel'mine directional effects, cores were taken from 
the pavement in 3 orthogonal directions: vertical, horizontal in tbe north- south direc
tion, and horizontal in the east-west direction (in construction, paver and roller travel 
was north-south, and maximum differences were expected with respect to this axis). 
The cored area was held to a minimum (some 6 ft square in one lane) to reduce the 
probability that different plant-mix batches were included in any one lift. Thirty-eight 
cores were taken, and 3 sets of 9 cores each were selected to represent the 3 directions. 

The pavement was constructed in 5 lifts. In each core the third lift was central; i.e., 
in reference to core length and lab load direction, the third lift was centered transversely 
in vertical and parallel in horizontal cores (Fig. 1). Lifts were difficult to distinguish 
and some layer-centering deviations undoubtedly occurred. Core ends were sawed and 
strain gages mounted on the central lift (about 1.5 in. thick) with the 0. 75-in. active gage 
length parallel to specimen and lab test-load axis. For vertical cores, 2 sets of 2 
strain gages each were mounted on every core; one set facing the north-south and one 
facing the east-west directions, in place. For horizontal cores only one set of gages 

could be mounted on the third or central 
lift, and this set was expected to reduce 

TABLE 1 the variables. The cylindrical test speci-
DESIGN GRADATION mens were 3. 70 in. in diameter and 7 .20 

in. long (each ±0.005 in.), with a height-
Sieve Percent Passing Sieve Percent Passing 

diameter ratio of 1.95: 1. 
'/.in. 
Y. in . 
No. 4 
No. 6 
No. 8 

100 
81 
68 
64 
58 

No. 16 
No. 30 
No. 50 
No. 100 
No. 200 

42 
26 
15 
9 
6 

Compressive complex moduli were mea
sured for these cores with load in the form 
of a haversine wave at frequencies from 3 
to 200 rad/sec (radians per second) and 
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temperatures from 20 to 116 F. Measurements represent the steady-state condition, 
and the complex Poisson's ratio was not measured. Specimen loading was in unconfined 
compression. Loading was with MTS; amplification and recording was with CEC equip
ment. Specimens were encased in membranes, and temperature was controlled by cir
culating fluid from a water bath; however, moduli determined without membranes showed 
no fluid effect. Complete details of test and interpretation are given in Filon's work 
(1). Solution of the theoretical boundar y problem of the t est arr ay is indicated by Filon 
for linear elasticity (1). No theoretical corrections were applied to the test data. The 
results of the tests are given in Table 9 in the Appendix in the form of average, stan
dard deviation, and coefficient of variation for 9 replicate specimens; and averages are 
typically shown in Figure 1. All tests were within the linear r ange . Supporting data 
ar e omitted for brevity. Average test data were plotted as IE* I versus log won large 
family-of-curves graphs to normalize temperature differences and to interpolate for 
missing frequencies (the test data are not strictly amenable to analysis of variance be
cause of these differences). Graphs of this type are normally used here in loaded pave
ment problems, and the following discussion is based on the data so interpreted. 

For the 2 sets of gages mounted on the orthogonal sides of the vertical cores and 
measured simultaneously in testing, the interpreted average data are given in Table 2 
and are not appreciably different from those obtained using the appended average data. 
The information given in Table 2 shows that moduli from the north and south facing 
strain gages algebraically average some 0.4 percent higher than east-west gage moduli. 
The difference range, for unique test conditions, is from 2.2 percent smaller to 2.5 per
cent larger. There appears to be no trend in the data. These differences are not sig
nificant on an accuracy of measurement basis. They cannot be distinguished on the 
graph (Fig. 1), and have no meaning on a practical basis. These data support the valid
ity of instrumenting vertical pavement cores with strain gages without regard to roller 
travel direction. They also suggest that any effect of north-south, east-west anisotropy 
is small. 

For the 2 sets of horizontal cores, one taken in the north-south and one in the east
west direction, Figure 1 shows no obvious difference in moduli at the scale plotted. For 
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TABLE 2 

PERCENTAGE N-S MODULI ARE GREATER THAN E-W-VERTICAL CORES 

1'P.mnP.r:1t11rP, F 

(rad/ sec ) 20 36 58 .5 71 86 99 114 Avg 

3 0.7 0.0 -0.8 0. 5 -0.6 -2.2 0 .0 -0 .3 
10 0.3 0.3 1.2 1.4 1.5 0.0 0.0 0 .7 
30 -0.2 0. 5 1.6 1.5 0.0 0.5 -0.9 0.4 

100 -0.6 1.1 0.8 0.8 0.6 0.3 0.0 0.4 
200 -0.7 1.4 0.6 0.7 2.5 0.3 0.5 0.8 

Avg -0 .1 0.7 0 .7 1.0 0.8 -0 .2 -0 .1 0.4 

Note: Interpreted data. 

TABLE 3 

PERCENTAGE E-W MODULI ARE GREATER THAN N-S-HORIZONTAL CORES 

Temperature, F w 
(rad/ sec) 20 36 58.5 71 86 99 114 Avg 

3 0.0 -0 .7 2.4 0.9 2.7 4 .3 11.0 2.9 
10 -0.1 - 0 .6 5.5 3.2 4.6 5.5 12.5 4.4 
30 -0.2 -1.0 4.0 3.7 4.0 7 .1 13.1 4.4 

100 -0.3 -1.3 4.7 3.5 4.7 6 .6 11.8 4.2 
200 -0 .3 -1.3 4.9 3.3 3.5 5.8 1.4 2.5 

Avg -0 .2 - 1.0 4.3 2.9 3.9 5.9 10 .0 3.7 

Note: Interpreted data. 

the interpreted data, the east-west cores algebraically average 4 percent larger in mod
uli than north-south cores over the frequency and temperature range investigated. The 
effect is essentially independent of frequency, as given in Table 3. For individual test 
conditions, this value ranges from 1 percent lower to 13 percent higher. There is no 
clear trend with temperature. These results are not appreciably different from those 
obtained by using the average data given in Table 9. For the latter, there is a trend of 
higher coefficients of variation with temperature . These coefficients range from below 
4 percent at low temperature to below 10 percent at high temperature for each test 
series. On this basis the difference between moduli from the 2 orthogonal sets of hori
zontal cores are on the order of differences in tests of replicate specimens. Differences 
of this order are not particularly significant on a practical basis, as data shown in Fig
ure 1 suggest. 

Comparing moduli from the vertical and horizontal pavement cores , Figure 1 shows 
the trend of horizontal cores to give higher moduli at low temperatures and lower mod
uli at high temperatures. Table 4 gives data that relate interpreted average data of 

TABLE 4 

PERC ENTAGE VERTICAL MODULI ARE GREATER THAN 
HORIZONTAL - ALL CORES 

w 
Temperature, F 

(rad/sec) 20 36 58.5 71 86 99 114 Avg 

3 -6 -4 3 6 21 31 66 9 
10 -5 -3 -1 7 15 23 33 10 
30 - 5 -3 -3 6 12 18 27 7 

100 . 5 -2 -3 - 3 10 13 29 6 
200 - 8 -2 - 2 4 13 9 27 6 

Avg -6 -3 - 1 4 14 19 29 8 

Note: Interpreted data. 
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north-south and east-west facing gage sets mounted on vertical cores with average data 
of north-south and east-west horizontal cores. These data show that the effect is almost 
entirely due to temperature and algebraically averages some 8 percent difference. For 
individual test conditions, this ranges from 8 percent smaller at low temperatures to 
33 percent higher at high temperatures, and this trend is consistent. 

DISCUSSION OF RESULTS 

It should be noted that the design of this experiment was such that a positive answer 
to the question "Are orthogonal compressive moduli equal?" is possible from these tests 
only if the 5 layers of the test cores are identical; i. e., the core layers are alike and 
there is no effect at lift boundaries. If these conditions are not met, the investigating 
test represents 2 new layered boundary problems. Theoretical solutions of these 2 
problems and complete moduli data, including Iµ.* I for the surrounding lifts, are nec
essary to a numerical solution. Such data for the lifts surrounding the instrumented 
lift are not directly available, and it may not be assumed that the lifts, composed of 
different plant batches and compaction histories, were of identical materials. Density 
differences could, however, be measured. 

To determine if density variations were present within the cores, densities were de
termined by using the remaining replicate cores. These measurements used the sub
mersion technique on the upper, middle, and bottom third of each of 10 vertical cores 
(referenced to pavement) . Test results are given in Table 5. The density of the middle 
of the cores was about 2 pcf greater than that of the 2 ends, which were closely the 
same. The middle layer was very probably of higher modulus than the surrounding 
layers. This is true because, for an asphaltic concrete mix tested at 2 densities, the 
lower density specimens will give the lower modulus. Moduli from small density dif
ferences, when graphed, will be most easily distinguishable at the lower temperatures. 
Density differences with asphalt-cement content at constant compactive effort appear to 
give the same trend short of very high compactive efforts (.!!.). 

Because of these density and moduli complications, it is not strictly possible to con
clude that the instrumented middle test layer was, or was not, isotropic. It is reassur
ing to note, however, that where specimen boundaries were the same and measurements 
were simultaneous (the 2 sets of gages on the vertical cores) no differences were found. 
It is believed that this similarity in layer geometry did not exist for the horizontal cores 
as a group. Problems were found in precisely locating the middle or third lift, and it 
was most likely in slightly different relative positions within the different cores as well 
as with respect to the strain gages. It is also of interest that the differences found are 
not larger and that differences of the order found can be ignored for most purposes. As 
was noted, and while indirect, this is consistent with the results of previous comparisons 
of measured and predicted deflections in which vertical cores from layered asphaltic 
concretes were used and homogeniety and isotropy were assumed. 

For the vertical cores it appears reasonable that the less dense and less stiff sur
rounding layers would result in decreased measured moduli because of negative restraint. 
For the horizontal cores, where these softer layers were located along the sides, the 
same measured moduli effect would be expected. This is in analogy with the load
transfer effect of dissimilar columns of common length and deflection. Calculations for 
the latter case indicate errors below 10 percent for these materials. Data shown in Fig
ure 1 suggest that the geometry effect with the 
vertical cores is of the same numerical order. 

TABLE 5 
An explanation of the clear trend of the hori
zontal and vertical moduli data in crossing with 
temperature at all frequencies (Fig. 1) is not DENSITIES FROM VERTICAL PAVEMENT CORES 

obvious. This trend is probably the combined P ortion Avg (pc!) Range (pcf) 

result of interactions between layering test- -------
14

-
1
-.
2
-----

13
-
9

-_
5
-_

1
-
4
-
2

_-
6 geometry differences and that of the less dense Top 

surrounding layers. If the relative percentage Middle 
143.5 142.9-144.5 

Bottom 141 5 139.1-144.2 difference in moduli of the 2 materials is greater ________ · --------
at high temperatures I then the 2 CUrVeS COuld Note: Data for 10 core specimens. 
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be expected to cross as these data show. It should be noted, in any event, that differ
ences in materials were small as were differences in measured moduli. 

Conclusions 

These tests were directed at the question of anisotropy in asphaltic concrete from a 
highway pavement. The complex Poisson's ratio was not measured and, for the com
pressive moduli, no "clean" conclusion can be reached. The conditions of the experi
ment were such that a clear answer was possible only if all layers or lifts had identical 
properties and there were no lift-boundary effects. These conditions were not met and 
the results of the moduli tests indicate differences, but these are not large except at the 
highest test temperature. The differences found appear to be consistent with the density 
variation in the different sections of the cores. Had the densities of the surrounding 
lifts been equal, it is expected that all moduli would be more nearly equal within normal 
statistical variations. On an engineering basis, the differences found are not considered 
significant for predicting strains and deflections for a layered pavement structural sys"
tem. Based on the considerations discussed, it is concluded that the assumption of isot
ropy for compression loadings is reasonable for the asphaltic concrete of this pavement 
at the phenomenological level. 

BENDING MODULI 

This study was aimed at fatigue testing, and bending tests using trapezoidal speci
mens were chosen over more conventional beams. This was to minimize or avoid un
supported lengths during sampling, handling, storing, and testing, and to minimize 
sawing accuracy and possible inertial problems in the laboratory. The sketch in Figure 
2 shows, in principle, the loading and test geometry used in which 1 side of the speci
men is alternately in tension and compression. Equations in linear elasticity for this 
geometry are given in Timosbenko's work (.!!). Tests of asphaltic concrete in this ge
ometry were first used by Bazin and Saunier, who gave solutions for the forced loading 
of a viscoelastic material (!Q). In testing, the loading system, amplification, and re
cording equipment was the same as those used in testing the core specimens. Temper
ature was controlled by circulating fluid from a water bath. Specimens were not en
closed in membranes, and fluids were water and aqueous methanol. No significant 
fluid effect was found in comparisons of submerged asphaltic concrete bending moduli 
with those obtained in air before and after submersion in these fluids. 

Only deflections are readily measurable in fatigue testing. Strain gages, mounted 
as shown in Figure 2, risk interference with measured fatigue life. For such tests it 
is necessary to calibrate the apparatus (using specimens of known moduli) and desirable 
to theoretically solve the boundary problem represented in the test. For this study the 
theoretical solution was not known, and it was necessary to check the apparatus for in
ertial effects and to calibrate it. Checks for inertial effects were made by using alumi
num specimens (Aluminum As~n. T6061-T651) of 3 machined thicknesses-0.800, 0.500, 
and 0.250 in. The density of the aluminum was 175 pcf, some 34 pcf greater than that 
of the asphaltic concrete specimens, representing a more severe test with the alumi
num. Strain-based IE*I for the aluminum overall tests (at room ambient temperature) 
averaged 10.50 (10}6 psi. Tests at 0.8 in. thickness, 100 lb force, and 9 frequencies 
from 3 to 21.5 cps gave random moduli values between 10.42 and 10.58 (10) 6 psi. Tests 
at 10 cps over the 3 thicknesses, with 7 loads from 36 to 135 lb, gave random moduli 
values between 10.42 and 10.66 (10) 6 psi. These measured differences are only slightly 
greater than those expected on precision of measurement basis, and it was concluded 
that inertial effects could be ignored over the range of frequencies and loads used in 
this study. Aluminum and plexiglass specimens of the same thicknesses were used in 
calibrating the apparatus for deflection-based moduli. The results of these tests showed 
that moduli derived from strain measurements were essentially correct and that moduli 
from deflection measurements were always lower. For strain-based moduli, this ap
pears to be consistent with Saint-Venant's principle. For deflection-based moduli, the 
error in modulus seems to be the result of shear strain and incomplete boundary rigidity. 
For specimens of constant dimensions, the error is proportional to the modulus plus a 
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constant. This proportionality was reported earlier by Taylor (with Pell) using cylin
drical specimens (..!!). For trapezoidal specimens of varying thickness, this propor
tionality is with the product of modulus and thickness. Only strain measurements are 
used in this study of moduli determined with bending tests. 

Asphaltic concrete specimens for these tests were taken from the same pavement 
section that furnished the cores. These were obtained in the form of block samples 
sawed with a 24-in., diamond-tipped blade. The 4- by 15- by 8-in. blocks were further 
sawed in the laboratory to obtain trapezoidal test specimens, as shown in Figure 2. 
After sawing, strain gages were bonded with epoxy, the specimen was bonded with 
epoxy (top and bottom) to steel platens, and oven-cured and annealed for over 12 hours 
at 135 F. Figure 2 shows that the specimen face parallel with the paper is parallel to 
pavement surface. In reference to the cores and pavement, measured strains (Fig. 2) 
were north-south for one strain gage and north-south ±12.6 deg for the other. Test 
specimens were about 1.90 in. constant thickness and included parts of the 2 bottom 
pavement lifts. Average specimen density was 142.5 pcf with a range of± 1.1 pcf. The 
dimensions of each test specimen were measured to 0.001 in. with dial micrometers, 
and the individual dimensions were used in calculations. In testing, the output of each 
gage was recorded in the steady-state condition. Variations between gages on the same 
specimen were similar to those for cores. Measurements of double amplitude were 
made for load and for each strain gage, and these were used in calculating moduli. 

Five specimens were selected for moduli comparison tests. Test series were of 2 
types: one, constant frequency with varying load to determine the linear range at 62.8 
rad/sec; and, two, varying frequency with constant load (generally outside the linear 
range at 62.8 rad/sec). Test temperatures for both series ranged from 5.3 to 64.5 F. 
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The results of these tests are given in Tables 10 and 11 in the Appendix in the form of 
averaCTe ; s;itanrlarrl r!P.viation; and coefficient of variation for 3 replicate tests of 5 spec
imens. Each strain gage was treated as a separate test. 

Figure 2 shows the results of the bending tests to determine linearity at 62.8 rad/ sec 
over the 6 temperatures investigated (Table 10). These load data are related to temper
ature shown in the inset of Figure 3. On the basis of these data, the linear range in 
bending tests is far more restrictive than in compression tests. Although not shown, 
the linear range as determined by bending deflection measurements cannot be distin
guished from that determined by strain measurements. It should be noted that these 
data refer strictly to the test system and may not be extrapolated to other conditions of 
test or confinement as, for example, probably exist in an in-service pavement. 

Figure 3 shows comparisons of vertical compressive with bending moduli over a 
range of temperatures and frequencies as well as linearity conditions. Compressive 
data are the vertical core data used in comparing directional core test results. For 
the comparison he re it was necessary to extrapolate the compressive r esults to 5.3 F 
and to interpolate for 62.8 rad/sec data below about 56 F. Test data at 62.8 rad/ sec, 
supplementing Table 9, are given in Table 6. Linear bending data are from Table 10, 
as interpreted in Figure 2. Nonlinear bending data are from graphical interpretation 
of the data given in Table 11. Numerical comparisons of the differences between bend
ing and compressive moduli (vertical and horizontal north-south) for the linear tests at 
62. 8 rad/ sec are given in Table 7. 

Linear bending moduli compare with vertical compressive moduli much as they com
pared with all horizontal moduli (Table 4). Comparison of only north-south moduli, bend
ing and compressive, improves this but not significantly. For the orthogonal compres
sive test series, it was concluded that directional effects were not significant in an engi
neering sense. On this same basis, the linear data, given in Table 7 and shown in Figure 
3 indicate no essential difference between moduli determined in compression and in bend
ing within the normal scatter of replicate test measurements and interpretation. 
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TABLE 6 

COMPRESSIVE COMPLEX MODULI AT 62.8 RAD/SEC 

Core 
Gage Temp. Avg. IE*I (] CV 

Direction F (106 psi) (106 psi) {percent) 

Vertical N-S 58.5 1.194 0.052 4.3 
Vertical E-W 58.5 1.189 0.049 4.2 
Vertical N-S 114 0.135 0.008 6.2 
Vertical E-W 114 0.132 0.013 9.9 
Horizontal N-S 56 1.258 0.045 3.6 
Horizontal N-S 71 0.767 0.032 4.1 
Horizontal N-S 87 0.404 0.022 5.2 
Horizontal N-S 116 0.088 0.005 5.5 
Horizontal E-W 72 0.749 0.054 7 .2 
Horizontal E-W 84 0.462 0.036 7 .8 
Horizontal E-W 116 0.100 0.009 9,3 

TABLE 7 

PERCENTAGE COMPRESSIVE MODULI ARE GREATER THAN 
LINEAR BENDING MODULI 

Vertical Cores 
Horizontal Cores 

Temp. Bending IE* I 
F 

IE*I Percent 
IE*I 

64.5 0.966 0.985 + 1.6 0.950 
55.5 1.314 1.270 -4.7 1.280 
48.0 1.634 1.545 -5.5 1.600 
37 .4 2.073 1.955 -4.9 2.050 
20.5 2.735 2.645 -2.9 2.765 

5.3 3,314 3.28oa -1.2 3.420a 

Note: w = 62,8 rad/sec; IE* I in 106 psi; compressive data interpreted below 56 F. 

aExtrapolated . 

TABLE 8 

N-S 

Percent 

-2.1 
-3.9 
-1.9 

0 
1.6 
2.6 

PERCENTAGE LINEAR COMPRESSIVE MODULI ARE GREATER' THAN NONLINEAR BENDING MODULI 

Temp. Load 
IE*lc IE*IB Percent 

Temp. Load 
IE*lc ·IE*IB Percent 

F (lb) w 
F (lb) w 

64.5 12 3 0. 502 0.394 21.0 37 .4 37 3 1.390 1.440 -3.6 
64.5 12 10 0.670 0.547 18.3 37.4 37 10 1.590 1.683 -5.9 
64.5 12 30 0 .864 0.727 15.9 37.4 37 30 1.793 1.908 -6.4 
64.5 12 62.8 0.998 0.872 12.6 37 .4 37 62.8 1.952 2.055 -5.3 
64.5 12 100 1.095 0.958 12.5 37 .4 37 100 2.060 2.138 -3.8 
55.5 20 3 0.727 0.655 9.9 20.5 50 3 2.120 2.168 -2.3 
55.5 20 10 0.928 0.848 8.6 20.5 50 10 2.330 2.390 -2.6 
55.5 20 30 1.140 1.070 6.1 20.5 50 30 2.520 2.593 -2.9 
55.5 20 62.8 1.285 1.228 4.4 20.5 50 62.8 2.695 2.725 -1.1 
55.5 20 100 1.390 1.315 5.4 20.5 50 100 2.800 2.799 0.4 
48.0 33 3 0.975 0.921 5.5 5.3 53 3 2,755a 2.847 -3.6 
48.0 33 10 1.190 1.143 3.9 5.3 53 10 2.960a 3.030 -2.4 
48.0 33 30 1.400 1.375 1.8 5.3 53 30 3.162a 3.200 -1.2 
48.0 33 62.8 1.555 1.538 1.1 5.3 53 62.8 3.327a 3.314 0.4 
48.0 33 100 1.660 1.624 2.2 5.3 53 100 3.433a 3.358 2.2 

Note: IE* I in 106 psi; Win rad/sec, 

a Extrapolated, 
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The nonlinear data shown in Figure 3 were selected from Table 11 and are given in 
summary in Table 8. These data indicate that the effect of nonlinearity was not great 
except at the higher temperatures and lower frequencies. The same temperature effect 
is shown in Figure 2 in the relative rates of moduli decrease with load in the linearity 
tests at 62.8 rad/sec. 

SUMMARY AND CONCLUSIONS 

Asphaltic concrete specimens were secured from a contract-constructed full-s_cale 
pavement. Core specimens were taken in 3 orthogonal directions with the middle pave-
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ment lift centered in the cores. This lift was instrumented with strain gages, and the 
····-···· ··-··-·· 1 .••. , ••. 1 :~- ••••..•••• r: ..... 1 ................ , ... : •••. .. 1 .l:rr •• _____ 1 C------··-··1.- .. ·--..l ,L ________ ... _____ _ 
\..V.1 c:;.:, WC.1 C 1L,CD1.,CU .LU. u.l.l\.,UI.U . .U.ICU \.,U.l.l.l,lJ.1 C::DD.LV.U Q.IL, u.1.1.u;.1. C'JJ.L .1.1 CI..J.UC'U.\.,.lC'O a.u.u Lt::lU.l,Jt:'.l'd..LU.l"t:iO 

to determine steady-state compressive complex moduli. Comparison of these direc
tional test results was not strictly valid because of theoretical considerations based on 
small density and thus moduli differences between pavement lifts. These differences 
were small and qualitatively consistent in moduli. The resulting differences were not 
considered significant in predicting strains and deflections for layered pavement struc
tural systems. Based on this it was concluded, to a first approximation, that the as
phaltic concrete of this pavement system was isotropic in compression at the phenom
enological level. 

Block samples of the same pavement were sawed to produce trapezoidal specimens 
for testing in bending. These specimens were instrumented with strain gages oriented 
to within about 13 deg of 1 of the 3 orthogonal directions previously tested but were on 
different pavement lifts. Linear tests in the steady-state condition at 1 frequency gave 
moduli results of the same order of variation from vertical compressive moduli that 
was found with the average of all horizontal compressive moduli. Comparisons of bend
ing moduli with compressive moduli taken in the same direction were slightly, but not 
significantly, better. It was found that the range of linearity in bending was much more 
restrictive than that in compression and that the effect of nonlinearity was large only at 
low frequencies or high temperatures or both. Based on the data, it was concluded that 
bending and compressive moduli for this asphaltic concrete were the same within the 
accuracies and normal scatter of replicate test measurements present in the study. In 
answer to the opening question "Can asphaltic concrete be isotropic?" it is concluded 
that it can and, within the limitations of this study, is certainly to a first approximation 
at the phenomenological level. 
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Appendix 

Table 9 gives the results of compression tests of 9 replicate specimens. Tables 10 
and 11 give the linear and nonlinear data from the bending tests of 5 specimens. 
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