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This paper presents the results of the initial investigation of linear 
viscoelasticity property and the other related mechanical properties of 
8 different kinds of asphalt mixtures (6.1 percent and 5.0 percent as
phalt content by weight, high and low viscosity, with and without added 
rubber). At 70 F the viscosity shows the most significant effect where 
mixtures with low-viscosity asphalt (as measured at 77 F) yield high 
creep compliance, low ultimate compressive strength, and low ultimate 
tensile strength. Mixtures with high-asphalt content yield modulus, 
high creep compliance for the high viscosity mixtures. At 20 F, as
phalt content and high viscosity contribute to the high uitimate com
pressive strength and high ultimate strain. Also, at 20 F, high viscos
ity and viscosity-asphalt content interaction contribute to the high creep 
compliance. The findings also indicate that the assumption of linear 
viscoelastic behavior of the asphalt mixtures is approximately held. 
Rubber additives do not show significant effect on creep compliances, 
ultimate compressive strengths and strains, and tensile strengths of 
the asphalt mixtures at the initial period. 

•IN RECENT YEARS substantial data were obtained (1, 2, 3) suggesting that stress
strain relationships of asphalt mixtures used in flexible pavements are time dependent 
under service loads. This led to the development of the linear viscoelastic analysis of 
flexible pavement systems (4, 5). Before such analytic work can be applied to the de
sign of a flexible pavement system, we must understand and establish the constitutive 
relationships of the various materials comprising the pavement. 

Obviously, the property of the mixtures is dependent on their composition, tempera
ture, loading, loading rate, moisture, density, and time. Therefore, a complete con
stitutive equation is still far from a reality. At the present time the most that can be 
hoped for , from the practical point of view, is equations that relate the time-dependent 
strain to the applied stress and temperature of each kind of material (the variables, 
such as the composition, moisture, and density, will be treated as implicit parameters). 

Pagen and Khosla (6) observed that both the modulus of elasticity and the unconfined 
compressive strength of asphalt mixtures at 77 and 104 F decrease with an increase in 
the percentage of asphalt. Heukelom (7) observed that the strength of asphalt concrete 
increases with the stiffness of the asphalt binder. Recently, Riley (8) also showed that 
the strength of the composite increases with the strength of matrix. -Another interest
ing, but not unexpected, result predicted by Riley is that the strength of the composite 
should increase if the elastic modulus of the "rigid" particles is decreased to a value 
closer to that of the matrix. In a restricted sense, this phenomenological approach 
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should be able to lead to a quantitative as well as a qualitative description of the effect 
of these implicit parameters on the mechanical properties of the asphalt mixtures. 
This description should provide a means for the designer to effectively choose or de
sign different mixtures with different mechanical properties such that an optimum de
sign of the pavement structure can be reached. 

The findings presented in this paper are obtained from part of a continuing research 
project investigating the effect of rubber additives in asphalts of different viscosities 
with respect to the thermorheological properties and other related mechanical prop
erties of resultant asphalt concrete mixtures as obtained from actual test pavements. 
The preceding paper reported the findings of the other phase of the research project 
in which the effect of synthetic rubber additives on the physical behavior of mixtures 
is sought. The correlation between the mechanical properties and the physical prop
erties is intended in the future. 

SCOPE 

This paper presents the results of the investigation into the effect of rubber addi
tives in asphalts of different viscosities with respect to the thermorheological prop
erties of resultant asphalt concrete mixtures. The samples used in this experiment 
were obtained from 8 test sections of the rubber-in-asphalt project. The particular 
test sections that were sampled were 3 in. thick. The mixture combinations obtained 
provide a basis for a complete factorial experiment with 3 factors at 2 levels each. 
The factors and their levels are given in Table 1. 

Three factors at 2 levels each can be put together in 23 
= 8 different combinations, 

or treatments in the terminology of factorial experiments. Thus the 8 different com
binations of these materials were obtained from the 8 corresponding test sections that 
were constructed by normal construction procedures and control. The details of the 
compositions of each test section are described in the Appendix. Within 2 weeks after 
construction and at specified time intervals (3, 6, 9, 12, 18, and 24 months), cores will 
be taken and several types of tests at several temperature levels will be conducted. A 
complete description of sample sizes and preparation of samples for testing is given 
in the Appendix. The types of tests included are unconfined compressive creep test, 
constant strain rate unconfined compressive test, and constant strain rate diametral 
test. 

The mechanical properties of each type of mixture can be characterized from an 
analysis of the experimental results from these tests. This paper includes the results 
for each kind of mixture of creep compliance, ultimate compressive strength, ultimate 
compressive strain, and indirect tensile strength. The statistical method of variance 

TABLE 1 

FACTORS AND THEIR LEVELS 

Factor 

Synthetic rubber 
solids in rubber-
asphalt compound 

Sym
bol 

-tS 

-S 

Kinematic viscosity +V 
of asphalt 

Rubber-asphalt 
compound in pav
ing mixture 

-v 

+C 

-C 

Level 

High 

Low 

High 

Low 

Rich 

Lean 

Value 

3 percent by weight of 
asphalt 

0 percent 

85 to 100 penetration 
grade, 292 centistokes 
at 275 F, 1,326 stokes 
at 140 F 

85 to 100 penetration 
grade, 199 centistokes 
at 275 F, 719 stokes 
at 140 F 

1.1 x design percentage 
or 6 .48 percent 

0.9 x design percentage 
or 5.24 percent 

analysis reveals the effect of the com
positions on the properties mentioned 
earlier. In this paper, only the results 
and the analyses on the initial pavement 
cores (taken 2 weeks after construction) 
are presented. The effect of the sampling 
periods (the effect due to environmental 
conditions such as traffic loads and weather 
conditions) on the various mechanical prop
erties of different kinds of mixtures will 
be sought in the future. 

THEORETICAL BACKGROUND 

Linear Viscoelastic Theory 

In linear viscoelastic theory, creep be
havior can be described by the following 
heredity integral under a uniaxial stress 
state: 
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€(t) = f J(t - T) o~~T) d7' 
0 

(1) 

where E: is the uniaxial strain, cr is the uniaxial stress, and J(t) is the uniaxial creep 
compliance. Equation 1 assumes that an isothermal condition exists. From Eq. 1, the 
time-dependent strain can be predicted under the application of the stress, provided 
that the creep compliance J is known. 

One of the simplest ways of determining the creep compliance J(t) experimentally is 
by means of the constant stress creep tests. For given constant stress 0 0, Eq. 1 be
comes 

or 
E:(t) = J(t)cr

0 

J (t) = E:(t) 
O'o 

(2) 

In this equation dt) is the measured response quantity, and thus J(t) can be obtained 
from Eq. 2. The details of the experimental apparatus, procedures, and data analysis 
will be discussed in subsequent sections. 

Time -Temperature Superpos ition Principle 

At different temperatures, the creep compliance and relaxation modulus will be dif
fere!!t i!! ge!!era! from those determinP.n ::it ::i reference temperature. This dependence 
on temperature as well as on time can be expressed by the following equation: 

J = J(T, t) (3) 

where Tis the temperature and tis the time. However, theoretical and experimental 
results indicated that for a certain class of material these 2 effects can be combined 
into a single parameter through the time-temperature superposition principle. 

J(T, ;) 

; 

J(To' t) 

t/aT 

(4) 

(5) 

where ; is the reduced time, aT is t.'le temperature shift factor, T0 is the reference 

temperature, and tis the real time. This last relatiom;hip li::u; beeu useu by Schwarz! 
and Staverman (9) to define a material as "thermorheologically simple." Thus, the 
determination of aT as a function of temperature Twill provide the necessary informa
tion for determination of the reduced time ;. With the relation of aT versus T avail
able, the creep and relaxation behavior at a very short or a very long time at a partic
ular temperature T0 can be obtained through this reduced-time concept. The method 
for determining aT versus T by the shift along the time scale of the creep modulus 
cur ves at several temperatures will be discussed in detail in subsequent sections (see 
also, Q,_ Figs. 14 and 15). 

For tests involving varying temperatures during loading, the definition given by 
Morland and Lee (14) for reduced time is 

(6) 

The extent to which Eqs. 4, 5, and 6 hold for materials of interest to this program is 
part of our objective . 
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Figure 1. Basic equipment for unconfined compressive creep test. 

Viscoelastic Theory of Circular Disc Under Diametral Loading 

Consider a circular disc of diameter d and thickness h (where h < d) subjected to 2 
equal compressive forces F applied along a vertical diameter as shown in Figure 1. 
The horizontal normal stress crx, vertical normal stress cry , and shear stress T xy 
produced at an arbitrary point p along the horizontal diameter are 

2 

2F (dl! - 4x
2

) 
C'x(x, 0) = '1Tdh dz + 4x2 

Txy(x, 0) = O 

(7) 

where xis measured from the center of the disc. Although Eq. 7 was derived from 
linear elastic theory, Fitzgerald (13) has shown that for linear viscoelastic theory Eq. 
7 is also valid so long as the stress-strain relationship is linear. 

Equation 7 indicates that stress distribution along the horizontal axis is biaxial. 
The maximum stresses occur at center 0 and are 

crx(O, 0) = :! (horizontal tension) 

C'y(O, 0) = - :! (vertical compression) 

The ultimate biaxial tensile strength crT can be defined as 

2F max 
C'T = '1Tdh 

(8) 

(9) 

if the failure of the diametral samples occurs at the centerline and the failure is a ten-
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TIME, SECONDS 

Figure 2. Constant stress creep tests on initial pavement cores from 
section 5. 

sile failure (Fig. 2). Shear failure may also occur at the center when the ultimate 
shear stress, Tult• is reached with 

4F max 
rrdh 

In this case, the failure occurs at about 60 deg measured from the horizontal axis. 
The theoretical derivation of Eq. 7 is based on the assumption that the material is 

isotropic and that the stress-strain relation is linear. Substantial evidence shows that 
the tension and compression properties of asphalt concrete are quite different. The 
theoretical analysis discussed here, using a common modulus for tension and com
pression, might introduce a significant error. Unfortunately, the analytic solution, 
which takes into account the difference of the tension and compression moduli, is quite 
complicated and has not yet been solved in closed form. (However, finite-element com
puter methods may be applicable.) 

Another point that seems worth mentioning is that the failure criterion for asphalt 
concrete under biaxial stress state shall be carefully studied so that the failure of the 
diametral test can be understood. 

EXPER™ENTAL APPARATUS AND PROCEDURES 

Unconfin~d Comprefisive Creep Test and Diametral Creep Test 

The basic test equipment, shown in Figure 1, for unconfined compressive creep 
test consists of a rigid frame (A), a loading head (B), a one to ten ratio loading lever 
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(C), and the deformation measuring devices. A linear variable differential transducer 
(LVDT) was used to measure the deformation of the specimen. The output from LVDT, 
which is directly related to the total deformation, could be automatically recorded on 
the strip-chart recorder. 

When tests at either low or high temperatures were being performed, the equipment, 
except the strip-chart recorder, was moved into a 9- by 120-ft temperature- and 
humidity-controlled room. The temperaturein this room could be controlled from -20F 
up to 140 F with ±1 F fluctuation. In order to check the temperature in the specimen 
during the test, a separate temperature-sensing specimen with a pair of thermocouples 
embedded at its center was used. During the test, the temperature-sensing specimen 
and the testing specimen were put into the temperature-controlled room at the same 
time. Thus, the temperature in the testing specimen was checked indirectlyby measur
ing the temperature in the temperature-sensing specimen. About 0.5 hour was re
quired to attain a spatially uniform temperature distribution in the specimen. 

Constant Strain Rate Test 

An Instron universal tester with a temperature-conditioning chamber was used. 
Because this type of testing machine is fairly common, no detailed description of the 
machine will be given here. A special compressive cage was fixed in the grips of the 
tester such that under this setup the compression test could be performed. 

When the constant deformation rate test was performed, the specimen was placed 
between the compressive cage and compressed at the predetermined rate until rupture 
occurred. The force versus the time was recorded automatically. 

TEST RESULTS AND ANALYSIS 

A series of different tests have been performed to determine the various mechanical 
properties of 8 different kinds of asphalt mixtures. The tests included in this paper 
are as follows: 

1. Unconfined compressive creep tests at several temperature levels for determi
nation of the creep compliances and the thermorheological properties; 

2. Constant strain rate compression tests at several temperature levels for deter
mination of the ultimate compressive strength; and 

3. Constant strain rate diametral tests for determination of the failure under biaxial 
stress state and the indirect tensile strength. 

Unconfined Compressive Creep Tests 

In order to test the linearity of each mixture, 6 tests at 3 stress levels (about 40, 
80, and 120 psi) were performed at room temperature (70 F) for 8 different kinds of 
mixtures. After that, 2 tests at 20 F with about 160 psi and 2 tests at 110 F with about 
17 psi were performed. In each test the specimen was loaded for 24 min. The re
sults of the creep compliances versus time (Eq. 2) were obtained. The typical creep 
compliances versus time are shown in Figure 3. If the material under consideration 
were truly a linear viscoelastic material, the result of the creep compliance versus 
time at different stresses (at the same temperature) should be the same. The experi
mental results indicate that the linearity is approximately held under the stress range 
and the time range as indicated. The results shown in Figure 2 and the rest of the test 
data obtained from the other kinds of mixtures indicate that each set of test data can be 
approximated by a straight line in the log-log plots. This implies that the creep com
pliances versus time can be represented by the following power law equation: 

J(t) = Atn (10) 

where n is the slope of the straight line and A is the ordinate of the straight line at 
t = 1 sec. The results of the creep compliances of 8 different mixtures are given in 
Table 2. 
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Figure 3. Master curves of unconfined compressive creep modulus at 
70 F. 

TABLE 2 

CONSTANT STRESS CREEP COMPLIANCE 

25 F 70 F 100 F 

Section A A A 
x 10-• psi-1 n x 10-• psC1 n x 10-' psC1 

2 0.0065 0.13 0.05 0.32 0.28 
4 0.014 0.10 0.12 0.21 0.25 
5 0.066 0.16 0.047 0.20 0.14 
7 0.011 0.18 0.07 0.28 0.34 

10 0.0022 0.22 0.035 0.17 0.10 
12 0.01 0.14 0.036 0.20 0.16 
13 0.006 0.11 0.026 0.25 0.084 
15 0.007 0.11 0.032 0.21 0.10 

ll 

0.24 
0.21 
0.16 
0.12 
0.16 
0.20 
0.22 
0.17 
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The master curves of the creep compliances versus reduced time were obtained by 
shifting the creep compliance versus time curves along the time axis, such that the 
creep compliance versus time curves for all temperatures formed a continuous curve. 
The amount of shift aT of the creep compliance versus time curves at each temperature 
with respect to the reference temperature (70 F in the present analysis) was also ob
tained. The shift factor aT versus temperature T for 8 mixtures is shown in Figure 4. 

In order to investigate the effect of the mixtures (high and low viscosity of asphalt, 
with and without rubber) on the creep properties, the statistical method of variance 
analysis was employed to analyze the creep compliance at the reduced times of 10-4

, 

10- 0
, and 10+4 sec. The results of the vari:mce analysis indicate that the most signif

icant effect is from viscosity. Mixtures with high viscosity yielded high creep compli
ance at these 3 reduced times. This is shown in Figure 4 by comparing the master 
curves of test sections 4, 7, 5, and 2, which contained high-viscosity asphalt, with 
the other 4 sections, which contained low-viscosity asphalt. 

The second significant effect is from the interaction between viscosity and asphalt 
content according to the variance analysis. However, the effect is more significant 
among the mixtures with high-viscosity asphalt where the high-asphalt content (sections 
7 and 4) yielded high-creep compliances in comparison with the low-asphalt content 
(sections 5 and 2). The interaction has less effect among the mixtures with low
viscosity ;asphalt mixtures . Only at 10+" sec, rubber and the interaction between rub
ber and viscosity are highly significant, where mixtur es with r ubber solids added yield 
low-creep compliances. The effect of the viscosity of the asphalt in the mixtures on 
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the creep compliances seems inconsistent with what has been found by Riley (8) where 
a stiffer binder (high-viscosity asphalt) resulted in a stiffer composite (asphalt con
crete). The kinematic viscosity of the asphalt used was measured at 140 F. Perhaps 
the asphalt with high and low viscosity measured at 140 F may have low and high vis
cosity respectively at 70 F. Therefore, cannon-cone plate viscosity, penetration, and 
ductility measurements were conducted at 77 F and at 39.2 F. The results, given in 
the Appendix, do indicate that the asphalt with low kinematic viscosity measured at 
140 F is greater at 77 F. Therefore1 sections 10, 12, 13, and 15 actually are stiffer 
than sections 2, 4, 5, and 7 at room temperature. From now on, sections 10, 12, 13, 
and 15 are considered to have higher viscosity at room temperature. 

Constant Strain Rate Unconfined Compression Tests 

Initial pavement cores with 8 different asphalt mixtures were tested under the iso
thermal conditions at 4 temperatures: -20, 20, 70, and 110 F. All the tests were 
performed at 0.02 in./min constant rate except for the tests at 70 F , where 2 additional 
rates, 0.05 and 0.1 in. / min were used. All samples were tested beyond the maximum 
compressive strength. The failure modes of the test samples after the stress reached 
the ultimate compressive strength were, in general, shear failure at 110 and 70 F and 
tensile failure at lower temperature (- 20 F). At 20 F, both shear failure and tensile 
failure were observed. 

The results of the ultimate compressive strength and strain of each test are given 
in Tables 3 and 4. Each value given in the tables is the average value from at least 2 
identical tests. The temperature fluctuation during each test was within ±1 F. The 
results in Table 3 indicate that the increase of rate from 0.02 to 0.1 in./min results 
in an increase of the ultimate strength. The results in Table 4 indicate that the strength 
of the mixtures increases with decreasing temperature from iiO down to 20 F. Pre
vious works of Vokac (12) and Pagen and Khosla (6) have shown that the exponential 
relationship exists between the ultimate compresSlve strength and temperatures. This 
relationship has also been observed in the present investigation, as shown in Figure 5. 
From 20 to -20 F the strengths do not show significant increases. In fact , the s trength 
is decreasing in some cases because at -20 F the specimen is very brittle, and the 
failure is mainly due to the brittle fracture in which the strength is determined from 
the distribution of the flaw sizes in the sample. The ultimate compressive strain 

TABLE 3 

TJLTTMATE TINCONFINED COMPRESSIVE STRENGTH AND STRAIN 
AT 70 F BY DEFORMATION RATE 

0.02 In ./Min 0.05 In. / Min 0.1 In ./Min 

Section Stress Strain Stress Str ain Stress Strain 
(psi) (in./in.) (psi) (!n ./!n.) (psi) (in./in.) 

2 155 0.0406 118 0 .0213 171 0.0417 
157 0.0206 152 0 .0301 199 0.0361 

4 271 0 .0350 205 0 .0388 212 0.0408 
202 0.0456 170 0 .0410 206 0.0392 

236 0.0283 225 0.0342 251 0.0328 
237 0.0353 230 0 .0292 244 0.0294 

188 0.0387 216 0 .0380 267 0.0407 
168 0.0352 214 0.0338 270 9.0394 

10 255 0.0251 286 0 .0292 293 0.0534 
184 0.0488 269 0 .0463 349 0.0304 

12 223 0.0327 202 0.0391 274 0.0258 
187 0.0220 241 0.0276 296 0.0341 

13 196 0.0329 215 0 .0352 268 0.0308 
177 0.0287 208 0.0283 237 0.0315 

15 196 0.0222 243 0.0256 306 0.0280 
166 0.0228 269 0 .0296 311 0.0300 



Section 

2 

4 

10 

12 

13 

15 

TABLE 4 

ULTIMATE UNCONFINED COMPRESSIVE STRENGTH AND STRAIN AT 
DEFORMATION RATE OF 0.02 IN./MIN BY TEMPERATURE 

-21 F 

Stress Strain Stress 
(psi ) (in./in.) (psi) 

1,046 
968 

1, 133 0.0360 1, 166 
1,940 0.0380 1,658 

1,645 0.0726 1,340 
1,440 

1,239 0.0579 1, 700 
1,745 0.0605 

3,260 0.0702 1,290 
1,140 

1,415 0.0745 1,140 
1,295 0.0352 

1,233 0.0329 1,308 

1,132 0.0734 809 
944 0.0519 837 

J0,000 
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19 F 70 F 

Strain Stress Strain Stress 
(in./in .) (psi) (in. / in.) (psi) 

0.0443 155 0.0406 29.2 
0.0482 157 0.0206 

0.0469 271 0.0358 40 .5 
0.0583 202 0.0456 

0.0509 236 0.0283 38.6 
0.0465 237 0.0353 18.4 

0.0956 188 0.0387 32 .8 
168 0 .0352 27 .2 

0.0582 255 0.0251 40.8 
0.0448 184 0.0488 42.9 

0.0456 223 0.0327 34.8 
187 0.0220 33.8 

0.0446 196 0.0329 34.9 
177 0.0287 

0.0487 197 0.0222 39.6 
0 .0677 166 0.0228 26.5 

-
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Figure 5. Ultimate compressive strength versus temperature-constant 
strain rate and unconfined compression. 
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110 F 

Strain 
(in. / in.) 

0.0228 

0 .0394 

0.0180 
0.0159 

0.0185 
0.0285 

0.0254 
0.0336 

0.0182 
0.0278 

0.0146 

0.0179 
0.0356 
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observed in this investigation (Table 4) is 
also increasing with the decrease of tem
perature between 110 and 20 F, although 
the ductility of asphalt itself decreased 
with the decrease of temperature. Per
haps, among the very highly filled com
posite materials, ductility of the compos
ite is not directly related to the ductility 
of the binder, especially for the asphalt 
mixture at high temperatures where the 
composite has about 0.02 ultimate strain, 
and the asphalt itself may have very large 
strains under tension and infinite strain 
under compression . 

The effect of the composite on the ulti
mate compressive strength was analyzed 
through statistical methods . The results 

TABLE 5 

MAXIMUM LOAD AND ULTIMATE TENSILE STRENGTH 
OF DIAMETRAL TESTS AT 70 F AND DEFORMATION 

RATE OF 0.02 IN./MIN 

Section 

2 

4 

7 

LOlld 
Ob) 

116 
108 

108 
138 

126 
170 

142 
135 

T nslle 
Sttength 

(psi) 

18.5 
17 .0 

18.5 
23.5 

19 .2 
28.0 

24.1 
19 .5 

Section 

10 

12 

13 

15 

Load 
(lb ) 

222 
225 

203 
212 

222 
192 

139 
198 

Tensile 
Strength 

(psi) 

32.0 
34.6 

29.2 
30.8 

33.5 
30.0 

21.0 
28.1 

showed that at 20 F +C and +V contributed to the high ultimate strength; at 70 F the +V 
asphalt had greater strength than -V asphalt and the interaction of VC and SC was 
significant; and at 110 F none of the treatments was significant. 

Constant Strain Rate Diametral Compression Tests 

The diametral samples were tested at 70 F constant temperature at a constant de
formation rate of 0.02 in./min until the samples failed. During the test, the failure 
was usually initiated at the center and was then gradually propagated toward both ends. 
The results of the maximum load at failure of each test are given in Table 5. 
The tensile stress along the vertical diameter from Eq. 9 is 

2F 
O'x(O, y) = rrdh (tension) 

With the maximum load, F max, obtained from each test, the ultimate tensile strength 
(one author called it "indirect tensile strength") was calculated and is given in Table 5. 
The ultimate tensile strength obtained in this way may not be equal to the ultimate ten
sile strength obtained from unconfined tensile test because the failure of the diametral 
test is initial from the center, which is subjected to the biaxial stresses 

,_ O' 2F ,. . ) 
O'x\U, J = rrdh \tens10n 

ay(O, 0) = - 'IT
6!i (compression) 

where the failure is due not to ax alone but to both crx and cry. The failure criteria of 
the asphalt mixtures under multistresses are quite complicated and have not yet been 
established. 

The statistical method of the variance analysis of the diametral test results indicates 
that the mixtures with high-viscosity asphalt show high-tensile strength. This is con
sistent with the findings in the preceding section where at 70 F the mixtures with high
viscosity asphalt show a high-compression strength. 

CONCLUSIONS 

1. The results of creep tests at different stress levels (Fig. 3 and Table 2) indicate 
that the linearity of the creep compliance is approximately held within the stress, strain, 
and time range ui:u~d iu Ulis investigation. The creep compliance versus time can be 
represented by a p ower law (Eq . 10) . 
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2. The effect of the compositions on the various properties is summarized as fol
lows: At 70 F the viscosity shows the most significant effect where mixtures with low
viscosity asphalt (as measured at 77 F) yield high-creep compliance, low ultimate com
pressive strength, and low ultimate tensile strength. Mixtures with high-asphalt con
tent yield high-creep compliance for the high-viscosity mixtures. At 20 F high-asphalt 
content and high-viscosity contribute to the high ultimate compressive strength and high 
ultimate strain. Also, at 20 F high viscosity and viscosity and asphalt content inter
action contribute to the high-creep compliance. At 110 F the results are inconclusive. 

3. The ultimate compressive strength and strain increase with decreasing tem
peratures from 110 to 20 F. An exponential relationship between the strength and tem
perature is observed. 
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Appendix 
SAMPLE PREPARATION AND MATERIAL COMPOSITION 

The 2- and 4-in. diameter core samples were cut from the pavements by means of 
an Acker core drill; water was used for a coolant. The pavement was cut from the 
following locations in each test section: 

Initial samples were cut from the shoulders of the roadway 2 weeks after compac
tion. Three-month samples were cut from the shoulders of the roadway. Six-month 
samples were cut from the inner wheelpaths. Half of the samples were cut from the 
northbound lane and half from the southbound lane. 

The 2-in. diameter cores were first cooled to 10 F for a period of approximately 48 
hours. This cooling period was introduced to harden the specimens in order to facil
itate the cutting process. After cooling, the specimens were cut to a length of approxi
mately 3 in. by means of a diamond saw. Prior to testing, the length of each speci-

men was measured to the nearest 0.001 
in. and its average diameter determined 
from 4 measurements taken along the 

TABLE 6 length of the specimen. The specimens 
MATERIAL COMPOSITION OF 8 TEST SECTIONS 

Kinematic 
Test Percent Percent Viscosity at TABLE 7 

Section Asphalt a Rubber Solidsb 140 FC 
(stokes) 

PHYSICAL PROPERTIES OF INITlAL PAVEMENT 
CORES FROM 8 TEST SECTIONS 

2 5.59 0 
4 6.74 0 
5 5.19 3.0 
7 6.74 3.0 

10 6.26 u 
12 5.20 0 
13 6.48 3.0 
15 5.26 3.0 

3 By weight of mixture. 
bBy weight of asphalt cement. 
cot asphalt taken from storage tank. 

1,390 
1,206 
1,309 
1,336 

6H4 
670 
630 
625 

Test Section 

TABLE 8 

2 
4 
5 
7 

10 
12 
13 
15 

Percent 
Air Voids 

8.7 
3.1 

10.6 
4.6 
4.9 
9.2 
4.2 
9.9 

Percent 
VMA 

20.6 
18.4 
21.4 
19.2 
19.0 
20.4 
18.6 
21.2 

PHYSICAL PROPERTIES OF ASPHALT TAKEN FROM STORAGE TANK AND 
RECOVERED FROM PAVEMENT MIXTURES 

Storage Tank Storage Tank 
Test M!xlur·e Recuver·etl Recuveretl Section Original Rubber-

Original 
Rubber-

ized ized 

Penetration at 77 F (points) Ductility at 39 .2 F (cm) 

12 99 107 8.5 4.2 
15 +S-V-C 101 81 69 8.1 29.5 34.5 

2 +V-S-C 104 89 31.5 10.0 
5 +S+V-C: 104 96 59 98.5 150+ 67.5 

10 +C-S-V 96 113 9.1 8.8 
13 +S+C-V 98 86 85 9.8 32.0 70.0 

4 +V+C-S 98 88 83 .5 9.2 
7 +S+V+C 105 87 73 76.8 150+ 54.0 

Kinematic Viscosity at 140 F Cannon-Cone Viscosity at 77 F 
(stokes) (kilopoises) 

12 670 1,080 802 713 
15 +S-V-C 625 1,545 4,303 704 539 1,096 

2 +V-S-C 1,390 1,688 505 574 
5 +S+V-C 1,309 2,310 5,680 521 338 846 

10 +C-S-V 684 963 732 436 
13 +S+C-V 630 1,830 4,302 688 502 893 

4 +V+C-S 1,206 1,445 600 546 
7 +S+V+C 1,336 2,280 6,313 473 360 920 

Density 
(lb/cu ft) 

137 .5 
141.9 
134.5 
140.4 
141.3 
135.9 
139.9 
135.5 



were then capped with a sulfur capping 
compound. 

The cooling and cutting processes used 
on the 2-in. diameter cores were also Sieve 

used on the 4-in. diameter cores with the 
exception that the length of the specimens 
was cut to approximately 1 in. to provide 
a disc-shaped specimen for the diametral 
tests. Prior to testing, the average di-
ameter of each specimen was determined 
from 2 measurements taken along the axis 

'!.in. 
•;,in . 
'/,in. 
No. 4 

TABLE 9 

GRADATION OF AGGREGATES 

Percent 
Passing 

100.0 
91.9 
82.6 
64.4 

Sieve 

No. 8 
No. 16 
No. 50 
No. 200 

31 

Percent 
Passing 

49 .9 
39.1 
22.1 

7 .6 

of applied load and 2 measurements taken along an axis perpendicular to the applied 
load. The average length was determined from 2 measurements taken along the same 
axis as the diameter-measure cuts. 

Data on the composition of the material in the test sections are given in Tables 6, 
7, 8, and 9. 


