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INTRODUCTION

Recently, considerable attention has been”directed
‘toward theoretical methods for predicting behavior of
asphaltic pavements under various conditions of loading.
An  important ~factor in pavement design is the
mechanical behavior of asphalt. This study is an attempt
‘tb ‘describe that behavior. At present, most flexible
'pavement designs are based primarily on the elastic
theory of design and(or) somewhat empirical methods.
Reséarch and experience have indicated that the reaction
‘of an asphalt to stress is partially elastic and partially
viscous; it behaves, therefore, as 2 viscoelastic material.
Precise objectives of this study were: 1) to describe and
analyze ‘the rheological (time-dependent) behavior of
asphalts and 2) to further verify results presented by
Mossbarger and Deacon (4).

in 1967, nineteen asphalt samples were received
from the Division of Materials, Those samples had been
obtained by the Division of Materials for purposes of
testing and approval for various construction projects
located throughout the state. The only information
available on those samples was the name of the supplier,
point or city from which they were shipped, and the
penetration at 77° F (see Table 1). Rheological
characteristics of those asphalts were determined using
a concentric cylinder viscometer of the type developed
by Mossbarger and Deacon (4). This type of viscometer
provides direct measurement of shear stress and shear
rate! Tt"consists of an inner cylinder (bob) and an outer
cylinder (cup) ‘which are mounted concentrically to
form an annulus. The specimen is molded into the
annulus and subjected to a shear stress by applying a
torque to the bob. The angle of rotation was measured
by a rotary, variable, differential transformer. A more
complete description of the testing equipment, along
with photographs, and description of testing procedures
and method of sample preparation can be found in
Mossbarger and Deacon's report (4.

Three to four specimens of each sample were tested
at each of three temperatures -- 39.2° F, 77° F and 104°
F. Replicate specimens were subjected to a higher stress
than the previous ones. Nine to twelve tests were made
per sample. Durations of tests were up to 20 minutes;
angle of rotation were recorded each minute throughout
the test

RHEOLOGIC BEHAVIOR OF ASPHALTS

Mossbarger (3); Mossbarger and Deacon (4, and
Saal and Labout (5) have described in detail the
rheologic behavior of asphaltic materials. Researchers,
in general, agree that asphalts behave viscoelastically
within the range of temperatures employed in this study.
The complex viscoelastic behavior of asphalts has often
been represenied by means of simple mechanical models
similar to that illustrated in Figure 1{a). When stress
is applied, deformation occurs; this movement is
composed of three components as noted in Figure 1(b).
Those components are: 1) an instantaneous, elastic
deformation, represented by G, of Line 1, 2) a delayed,
reversible component represented by G, and nj or Line
2, and 3) a plastic, irreversible component represented
by ny and Line 3. Line 4 on Figure 1(b) is the sum
of those components and represents total deformation
of the rheological model. For the purposes of this study,
it was assumed that there was no instantaneous, elastic
deformation since no instantaneous strain could be
observed experimentally. Therefore, the spring element,
G; (Figure 1(a)), would not exist and the observed
deformation would be as shown in Figures 1(c) and 1(d).
In this study, flow was simply represented by the Voigt
element (G, and n, in parallel), producing retarded,
irreversible flow (viscoelastic), and the viscous element,

.y, producing plastic flow.

TABLE 1.

SUPELIER, SHIPPING TOINT, IDENTIFICATICN AND
PENETRATICN OF TEST SAMPLES

IDENTIFICATION
SUPPLIER AND AND PENETRATION
(SHIPPING POINT) PENETRATION GRADE (0.1 . 77°F, 190 gms, 5 sec}
Ashiand Off (Ashland) AAS B1
Ashlond Ol (Ashiand) AAT 134
Ashlend Oil (Louisvtle) AL3 52
Ashland OFf (Louisville) ALS 74
Ashfand Oil {Lowssville) AL 132
Ashiand O] (Louisville) ALY 180
Chevron (Cinclonail) cC-a 79
Chevron {Cncinnali). ce7 121
Chevean {Louisville) CL5 - : a4
Chewon (Loulsville} cL? 128
Chevion (Louksvills) cLg 201
Ky Asphalt 4sies (Kuttawa) KKS 3
Ky Asphalt Sales (Kutiawa) RK7 128
Ky Asphalt Sales (Laudsvitle) KL-2 36
Ky Asphalt Sales (Loulsvile, KL B5
Ky Asphalt Sales (Louisville) KL-7 11
Sinclair (Loulsville) 513 53
Sinclair {Lowsville) SL-5 80
Sineloir {Lovisville) 817 122




VISCOELASTIC DEFORMATION (Creep Function)
_ If the strain in the dashpot, ny, in Figure 1(c) were
subtracted from the total strain of the model, the result
would be a contmuously increasing function with a
Vcontmuously decreasing slope, eventually arriving at a
_constant value with the slope equal to zero (Line 1 in
Flgure 1(d)). The shape of the curve is determined by
“the ratio of G, to n,y - a ratio ‘which is continuously
decreasing w1th time. This curve defines the creep
function.
Using the rotating, coaxial cylmder viscometer, the
creep function, ¥, can be determined as

= [0 () - Qt]/CT (deg/dyne/em?), (1)

where (1) angle of rotation (degrees),

T =  constant torque applied to bob
(dyne-cm),

C = machine constant =
(174 7 L) (1/a12 1/a22) (cm™),

L =  height of annular specimen
(em),

t = time,

ay = radius of rotatmg bob {cm),

ay = radius of stationary cup (cm),

_ and . ‘
Q = steady-state angular velocity of

bob relative to cup (degrees).
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Knowing all the constants involved and subtracting )t
(plastic ~component of strain) from the total
deformation, the viscoelastic strain or creep for each
time interval may be calculated using Equation 1. A
detailed discussion, derivations of Equation 1, .and
determination of constants involved may. be found in
Reference 4. Calculated creep functions were reduced
to a standard reference temperature (509° R or 50° F)
by multiplying the creep function, ¥, by the ratio of
the absolute value of the test temperature to the
standard  reference temperature. The reference
temperature was arbitrarily chosen for convenience. An
example of the data is shown in Table 2.

If the viscoelastic behavior of the asphalt were
linear and there were no experimental errors, tests made
on one sample of asphalt and at a given temperature,
but at various levels of applied shearing stress, should
yield identical creep functions. However, this was not
the case. There appeared to be no consistent relationship
between creep function and stress level. It was suspected
that inconsistencies were largely due to experimental
and graphical errors. A more detailed discussion of this
may also be found in Reference 4. As a result of these
inconsistencies, an average creep function was calculated
for each asphalt at each temperature. Those average
functions have been used in the analysis throughout this
report. An example of those data is also shown in Table
2 and is represented graphically in Figure 2.

The viscoelastic behavior of asphalts is dependent
upon temperature and time. In order to simplify
isolation of these two variables and allow the viscoelastic
properties to be presented in terms of a single function,
the method of reduced variables (time-temperature
superposition) has been employed (2, 4/, In this method,
the creep curve of an asphalt, determined experimentally
at temperature ¢, can be "reduced" to its position at
some temperature ¢, by "shifting" the curve along the
time axis by some predetermined amount, a,. Thus, a
series of experimental curves taken at several different
temperatures, when each is reduced to $o using the
appropriate value of a,, will superpose to give a single
composite curve representing the creep function at Do

(2).

Simplified Mechanical Models
Representing Behavior of Asphalts.

Figure 1.



TABLE 2.

EXAMPLE OF DATA {(SAMPLE OF AL-3}

TEMPERATURE = 39.2°F |
LOAD.
11,252 GMS . 12,000 GMS 12,900 GMS REDUCED AVERAGE
TIME - - " "
(SEC) ROTATION W{DEG/DYNE/CM? x 10%) ROTATION DEG/DYNRCM? « 10%) ROTATION W(DEG/DYNE/CM? x 10%) (DEG/DYNE/CM? x 1069)
(DEG) (DEG) . . (DEG) .
60 4 A 4 1662 4 1546 3333
120 6 2660 [ 2493 532 2009 2387
180 T4 3289 8 3324 6.7 2589 2054
280 89 3945 1a 4154 9$ 3671 3923
300 19 4433 115 4778 114 Adu$ 43539
360 12 4965 13 5401 13 5023 ETEN
420 123 5541 14.7 6107 146 Stal 5763
480 137 £073 16 6647 16 - 5182 6301
540 i 6649 177 ¢ 7354 172 0646 6883
§00 18 7092 19 7894 183 074 7352
660 I 7535 203 8434 12.5 7535 7835
720 1 1978 216 8974 05 7921 8921
780 19 8421 23 9555 25 8308 8761
340 20 8865 24 o571 25 8578 9138 J
TEMPERATURE = 71°F
LOAD
200 GMS 300 GMS 4800 GMS REDUCED AVERAGE
TIME ¥
(SEC) ROTATION W(DEG/DYNE/CH? » 10%) ROTATION HPEGIDYNZCME & 107) ROTATION (DEG/DYNE/CMZ % 16% | (DRGIDYNE/CHM? & oty
(DEG) (DEG) (DLG)
& 53 1311 g 1.3289 s 5192 4.6468
120 10 2492 16 26578 127 13148 93820
180 15 3738 263 4,368 2 20768 15.3795
240 19.8 a5 - 327 54319 27 28037 19.2054
TEMPERATURL = [04°F
LOAD
10 GMS {0 GMS | 14 GMS REDUCED AVERAGE
TIME v
(SEC) ROTATICN L(DEG/DYNE/CM? % 10) ROTATION W(DEG/DYNE/CH® & 10) ROTATION WDEG/DYNR/CME 5 10) |- (DEG/IYNE/OM™ x 10)
(DEG) : - {DEG) (DEG) .
60 [ 3133 9 4790 74 2747 571
120 115 6003 16 8355 1a 5196 6510
180 i6.2 2459 214 1175 204 7461 2032
240 21 10966 piiprl 1.3681 58 9577 1.1408
Figure 2 shows the shift factors, a;, for on one of the temperature curves by its respective a,,

temperatures 77° F and 104 F (Sample AL-3). These
factors were found graphically by shifting the curves
until they coincided with the creep curve at 392° F.
Application of the shift factors allows one to construct
a composite, reduced, average, creep curve which is a
function of time alone. To determine the effect of
temperature on the magnitude of a, the log of a, was
plotted against temperature (Figure 3). The log of a;
at 39.2° F was arbitrarily plotied as zero. The curve
was then adjusted until it intersected the reference
temperature of 50° F (at log a; = 0). Shift factors for
50° F were then computed as shown in Figure 3. This
function describes the viscoelastic properties of asphalt
in terms of temperature- alone.

The shift factors, as calculated in Figure 3, were
applied to the reduced, average creep Cuves in Figure
2 by dividing the time at which each point occurred

calculated at that temperature. A plot of these reduced,
average creep functions, Y{¢/¢,), against this reduced
time quotient, t/a, resulted in a "master" creep curve
which is a function of both temperature and time.

The master creep curves are significant and describe
the viscoelastic behavior of an asphalt, at some specific
temperature, over a range of time which normally could
not be accomplished experimentally. Therefore, by
performing a series of tests at a number. of diffcrent
temperatures over a very limited time range, one may
effectively describe the behavior of a material over a
much longer time span by the method of reduced
variables (time-temperature superposition). The master
creep curve of Asphalt AL-3 is shown in Figure 4; the
remainder of the master creep curves are included in
the APPENDIX. '
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Figure 2. Reduced Average Creep Function for

Asphalt AL-3.

If the value of the creep function, Y(9/9,) (taken
at reduced time t/a; equal to 107 seconds/second) is
plotted against penetration (0.1 mm, 100 grams, 77° F,
5 seconds), Figure 5 results. This plot lends support to
the idea that as penetration increases the shearing
resistance of the sample decreases, Two notable
exceptions were the KK and AA ssmples. An
investigation of the data on those two samples gave no
indication that large experimental errors were involved,

Figure 6 is a plot of the logarithmic slope of each
of the master creep curves versus penetration grade. All
samples, except those from Ashland Oil, showed an
increase in the magnitude of the logarithmic slope for
each increase in penetration grade. Figure 5 indicated
that, in general, shearing resistance of asphalts decreases
as penetration increases; however, Figure 6 shows that,
for samples exhibiting positive slopes, the viscous forces
decreasé more rapidly than the forces of elasticity. In
the case of Sample AL, shearing resistance also decreased
with increasing penetration; however, forces of elasticity
decreased more rapidly than viscous forces,

In the cases of Samples AA and KK the shearing
resistance apparently increased with an increase in

penetration. i—Iowever, Figure 6 shows that the slopes
of the curves for those two samples have opposite signs,
This would indicate that the ratio of viscous forces to
elastic forces for penetration grade 7 is greater than this

same ratio for penetration grade 5 (Sample KK).

However, in Sample AA, the opposite would be true;
the ratio of viscous forces to elastic forces would be
smaller for penetration grade 7 than for penetration
grade 5.

If the reduced average creep functions of Figure
2 were plotted arithmetically (after subtracting plastic
strain), it would become immediately evident that an
increase in temperature produces a corresponding
decrease in the slope of the creep function when the
creep functions taken at two different temperatures are
compared at the same point in time. This phenomenon
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is a result of decreasing viscosity within the dashpot,
ny, of Figure 1(c) as the temperature increases.
Consequently, the retardation times, nszz, are smaller
and cause the viscoelastic portion of strain to have less
effect ai higher temperatures.

Data from this study would indicate that stress
level does not affect viscoelastic strain; whereas, an
increase in temperature causes the viscoelastic
component of strain to decrease with a corresponding
increase in plasticity.

Master Creep Curve for Asphalt AL-3.

PLASTIC DEFORMATION

The plastic, irreversible deformation of an asphalt
is contributed by the dashpot in Figure 1(c) and is
represented by Line 2 in Figure 1(d). The plastic
component of strain can easily be evaluated by
calculating - the slope of the total deformation curve
(Line 3 in Figure 1(d)) in the steady-state or linear
portion of the curve. It is from this plastic component
or steady-state flow that values for apparent and plastic
viscosities are derived.




Apparent Viscosity

Apparent viscosity may be defined as the ratio of
shearing siress to rate of shear and, for non-Newtonian
liquids, is dependent upon rate of shear and, in some
instances, upon shearing stress. Using the rotating
coaxial cylinder, apparent viscosity is computed as
follows:

n, = CT/Q e

where n, = apparent viscosity. In order to compute the
angular velocity, a plot of angle of rotation against time
was made, as shown in Figure 7. Angular velocity may
then be defined as the quotient of angle of rotation
and elapsed time. Therefore, from Figure 7 it becomes
obvious that angular velocities for times t; and t, are
1/t; and 0,/t,, respectively. However, §2 is greater
than §2,. Under these experimental conditions, apparent
viscosity is obviously a function of shear rate and
shearing stress (4). Because of dependence on these two
factors, angular velocity is redefined in Equation 2 as
the velocity in the region of steady-state flow. Figure
7 shows that is the region where a linear relationship
exists between angle of rotation and time. Thus, the
steady-state angular velocity in Figure 7 is defined as
A8/At. In this study, all apparent viscosities were
calculated using Equation 2 and the aforementioned
definition of angular velocity. A more thorough and
complete discussion of apparent viscosity is given in
Reference 4,

Rheological characteristics of asphalis are highly
dependent on temperature. For example, there is a
considerable decrease in viscosity as temperature
increases. Figures 8 and 9 are plots of apparent viscosity
versus the inverse of temperature (° R'l) and clearly
exhibit that_relationship. High-temperature viscosities,
1.36 x 10'3°R'1, were found according to AASHO
Standard Test T 201-65 for kinematic viscosity, and the
results were converted to apparent viscosity, A careful
examination of both figures reveals that samples having
lower penetration values, in general; had a higher
viscosity at any given temperature than did samples with
higher penetration values. The notable exception to this
was the PAC-3 sample (AL-3). At a temperature of
275°F (1/p = 1.36 x 1073 °R°'1), this sample had a
viscosity value approaching that of the two PAC.7
samples -- a value smaller than all of the PAC-5 samples.
On ‘ad arithietic plot, these curves show a pronounced
and rapid convergence (between penetration grades)
toward the high temperature end; in the range of
temperatures used in this study, the curves would be
diverging toward the low temperatures.
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Effect of Penetration on Master Creep
Function,

At temperatures below 39.2°F (1/¢ = 3.0 x 103
°R'1), it is suspected the curves would again converge
as the temperature continued to decrease, and the
"stiffness' (stiffness = 3 x viscosity/loading time) would
tend to reach a maximum at approximately 2.5 - 3.0
x 1010 dyne-s/cm2 ; this is often identified as the "glassy
zone'. This should hold true because, at low
temperatures, it is predominantly elastic forces which
determine the character of the deformation; therefore,

Figure 5.

‘the stiffness should approach the value of Young's

modulus for all bitumens, causing the curves to converge
{5}

Figures § and 9 show that as temperature increases
above 140°F (1/¢ = 1.57 x 10°3 °R "1, the slope of
the curves decrease rapidly to nearly horizontal,
indicating that any further increase in temperature
would produce little change in the viscesity. It appears
that all asphalts tested would have an approximate
minimum viscosity ranging from sbout 150 to 400
poises. This sudden change in slope of the curve appears
to occur at a point where many of the solid or semisolid
bodies in the asphalt have melted, After most of the
solid material liquifies, further heating produces little
change in viscosity. .
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In the linear portion of the curves, there is a
continuously changing relationship between the elastic
and viscous forces in the asphalt. The ratio of elastic
to viscous forces is a rapidly decreasing function, starting
from a maximum at the low end of the temperature
spectrum, This occurs first as a result of increased
mobility of the solid particles and finally, as temperature
continues to increase, the increased mobility of the long,
hydrocarbon molecular chains (1),

Relationships between apparent viscosity and
penetration at temperatures of 39.2°F, 77°F, and 140°F
are shown in Figures 10 through 12. These figures show
a definite trend with the lower penetration mumbers
exhibiting higher viscosities. Differences in penetration
had decreasingly less effect with increasing temperature.
In going from 140°F to 77°F, the viscosity increased
33,470 percent. Further decrease in temperature from
77°F to 39.2°F produced an additional decrease of
35,000 percent. The variability of the viscosity of
asphalts, expressed as the ranges of measurements
divided by their average values, was 326, 308, and 390
percent for 39.2°F, 77°F, and 104°F, respectively.
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Figure 10,  Effect of Penetration on Apparent
Viscosity (39.2°F).
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Plastic Viscosity

Mossbarger and Deacon (4) reported that the
plastic viscosity measurement is a shear-independent
quantity. They say, however, that “...before evaluating
the plastic viscosity, it is necessary to first establish that
the behavior of asphalt cements in the steady-state flow
regime may be represented by that of a Bingham
plastic,” In a rotating coaxial cylinder viscometer, a
Bingham plastic would have three conditions of loading
as illustrated graphically in Figure 13. The first
condition is when the applied torque is less than the
yield stress and no flow occurs (from 0 to T; in Figure
13). As the torque is increased from T to Tp, partial
flow occurs. This flow will cccur in the material located

between the surface of the bob and a critical ratﬁus,
r, = (T/2 L L )12, where 8, is the yield stress,
Further increase in the magnitude of torque beyond T,
will produce flow throughout the material, thus creating -
the straight-line portion of Figure 13 (4) The plastic
viscosity, n_, is then defined as the inverse of the slope
of the straight-line portion. Mossbarger and Deacon (4
and Alfrey (1) have given a more thorough discussion
of the behavioral characteristics of a Bingham plastic.

Figure 14 is a plot of the CT product (C = machine
constant) against steady-state angular velocity, €2, for
Asphalt AL-5. This plot, along with a similar plot for
each asphalt tested, indicated that asphalt cements do
behave as Bingham plastics in the steady-state region.
The plastic viscosity, n,, was then computed using the
definition just mentioned. Table 3 lists plastic viscosities
for each asphalt at each temperature. Some of the
viscosities are not listed at 39,2°F because the data, in
those cases, did not show any correlation, Figures 15
and 16 are graphical representations of data listed in
Table 3.
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TAHLE 3,

PLASTIC VISCOSITIES
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Figure 14.  Angular Velocity versus CT for Asphalt
ALS.

a,
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One method of .determining the temperature
susceptibility of an asphalt is by cemputing the
magnitude of the slope of the viscosity-temperature
relationship {4} from

C
T

PLASTIC VISCOSITY, N {POISE}

log log Ny - log log 5(2)
VTS = (3) £33
log ¢ - log H P

&
:

where V1S = viscosity-temperature slope, .
n = plastic. veiocity in poises at T,
p(1) : e 1
n5(2) = plastic velocity in poises at Tcz,
2 highest temperature in ‘R
{(104°F), and

It

IU! L i 1 L 1 1

¢ = lowest temperature in' ‘R SR A?sm?ﬁnﬁﬁngfﬁ)m 80 e o e T
: ’ (39.2°F).
Because many of the plastic viscosities at 39.2°F were Figure 15.  Plastic Viscosity as a Function of
not available, the viscosity-temperature slope was Temperature (PAC-3 and PAC.7).

calculated for all samples over the temperature range

of 77°F to 104°F. However, in cases where the viscosity

was available at 39.2°F, the viscosity-temperature slope _

was calculated over that range. Results are shown in \
Table 4,

12



TABLE 4.

TEMPERATURE SUSCEPTABILITY USING
VISCOSITY-TEMPERATURE SLOPE

TEMPERATURE SUSCEPTABILITY (77° - 104°F)

VISCOSITY-
SAMPLE TEMPERATURE
SLOPE
AA-S 2.3
AAT7 6.6
AL-3 4.2
AL-5 4.7
AL-7 5.6
AL9 4.9
CC-5 4.3
CC.7 39
CL-5 3.7
CL.7 4.8
CL-9 52
KK-5 4.1
KK-7 54
KL-3 6.3
KL-5 4.7
KL-7 4.5
SL-3 4.4
SL-5 5.5

TEMPERATURE SUSCEPTABILITY (39.2° - 104°F)

VISCOSITY-
SAMPLE TEMPERATURE
SLOPE
AA-S ‘ 3.7
AAT 5.6
AL-3 4.0
AL-5 4.6
CL-5 3.8
KL-3 4.6
KL-5 4.5
KL-7 4.5
SL-5 47
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Figure 16.  Plastic Viscosity as a Function of

Temperature (PAC-5 and PAC-9).

There appeared to be no great difference in the
temperature susceptibilities amongst the asphalt samples.
There was little or no correlation in relation to sample
source or to penetration grade. The most notable fact
was that the sample most affected by temperature was
AA-7 and the least susceptible to temperature was AA-5,
Beyond stating that samples from the Ashland Oil
Company and from the Ashtand storage tanks had the
greatest amount of variability, there are no conclusions
concerning temperature susceptibility of the test
samples,

Relationships between plastic viscosity and
peneiration are shown in Figures 17 through 19. As in
the case of apparent viscosity, plastic viscosity also
presented a general irend of increasing viscosity with
decreasing penetration. The average viscosity increased
1,400 percent as the temperature decreased from 104°F
to 77°F and increased 23,000 percent as the temperature
decreased from 77°F to 392°F. Variability among the
asphalts at 39.2°F, 77°F, and 104°F was 237, 315, 312
percent, respectively.
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Apparent Viscosity-Plastic Viscosity Relationship

Mossbarger and Deacon (4) state that “..the
steady-state, apparent viscosities should generaily exceed
the plastic viscosity and should approach its value only
at high shearing stresses or high rates of shear”. This
statement was based upon actual data from their study
in light of this statement, a graphical analysis has been
made of the relationship between apparent and plastic
viscosities. In Figure 20, a plot has been made of
apparent viscosity versus plastic viscosity. In this
analysis, the apparent viscosity was calculated using the
highest shearing stress employed for that particular test
specimen, This was done to determine the point at
which the two viscosities were equal. Figure 20 shows,
in most cases, that the approach was not successful. In
cases where points fell below the one-to-one ratio line,
the maximum applied shearing siress was too small for
the plastic viscosity to equal the apparent viscosity; the
converse would hold true for points located above the
line,

Classification of Asphalts by Plastic Viscosity

In Tables 5, 6, and 7 plastic viscosity
measurements have been used to_classify the asphalts
into viscosity intervals at the three test temperatures,
These intervals were chosen so that their ranges were
equal on a logarithmic plot.

Samples were pgenerally grouped at ali three
temperatures, as would be expected, with the higher
penetration asphalts occurring in the lower viscosity
zroups, In going from one temperature to another, the
most notable change in grouping was Samples AA-5 and
KL-3. Sample AA-5, which had the lowest temperature
susceptibility, was in the highest viscosity group at
39.2°F; but at 77°F, it appeared in the fourth lowest
group, Sample KL-3, having the second highest
temperature susceptibility, occurred in the highest

' viscosity group at 39.2°F and 77°F but was in the third

lowest group as it became less viscous at 104°F.
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Figure 20,  Apparent Viscosity-Plastic Viscosity
Relationship.

15



TABLE 5.

CLASSIFICATION OF ASPHALTS BY PLASTIC VISCOSITY AT 39.2°F

Viscosity Interval I Sample
(10® Poises)
09 — 1.4 7 AAT, CL3
14 — 23 KL7, L3
23 — 36 . AAS, AL3, ALS, KL-3, KLS
TABLE 6.
CLASSIFICATION OF ASPHALTS BY PLASTIC VISCOSITY AT 77°F
Viscosity Interval Sample
(105 Poises)
020 — 032 ALY
032 —— 051 AAT, AL, CC7, L7
051 —— 0.0 CL-7, KK-7, KL-7
080 ~—— 15 AAS, ALS, KK-5, KLS
15, —— 20 CC5, CL5, SL5
= 24 AL3, KL3
TABLE 7.

CLASSIFICATION OF ASPHALTS BY PLASTIC VISCOSITY AT 104°F

Viscoalty Interval Sample
(104 Paises)

09 — 18 AAT, ALD
18 — 36 : - - AL-7, CL-7, CL.9, KK-7
36 — 12 AL-5, CC-7, KL-3, KL-5, KL.7, 8L-5
12 —— 140 CC.5, CL-5, KK-5
—=14.0 8L-3, AA-S
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DISCUSSION

DATA ANALYSIS

In studying the temperature susceptibility of the
asphalts, only the viscosity-temperature slope was
employed. The penetration ratio was not used since only
the penetration at 77°F was known. The penetration
index was not computed because the ring-and-ball
temperatures of the asphalts were not available.

No analysid was made involving method of refining,
crude source, or asphaltene content; those factors were
not determined.,

Stiffness of the asphalts, a time-dependent
quantity, was mentioned only in passing. Some of the
specimens did not have an adequate number of readings
at the beginning of the tests (less than two minutes);
thus a thorough analysis could not be made.

Ferry {2) suggests three criteriz for determining the
applicability of the method of reduced variables
(time-temperature superposition) to a data set: 1) exact
matching of shapes of adjacent curves obtained at
different test temperatures, 2) superposition of values
of the shift factor for different viscoelastic functions,
and 3) a reasonable form of the temperature dependence
of the shift factor consistent with experience. Figure
4 and those exhibited in the APPENDIX lend support
to the first criterion. The creep function was the only
viscoelastic function studied; therefore, an evaluation of
the second criterion cannot be made, The form of the
temperature dependence of the shift factor appeared to
be consistent with data obtained by other researchers
{2, 4, 5) and seems to satisfy the third condition. It
appears the method of reduced variables was z valid
means of analysis for the asphalis tested and in the range
of temperatures used -- assuming, of course, that the
second criterion also holds true,

IMPLICATIONS OF DATA

In relation to flexible pavements, it would appear
the plastic component of strain is the most critical
portion. This idea- is reinforced since the plastic
component is the only irreversible component and,
therefore, the only portion producing permanent
deformation in a pavement. At higher temperatures, the
largest portion of strain produced is plastic sirain; as
a-matter of fact, at temperatures often encountered at
the surface of an asphalt pavement on warm days,
practically all of the deformation encountered will be
plastic. This would imply, therefore, that flexible
pavement design should, in some manper, incorporate
plastic strain with less emphaszs being placed on
viscoelastic strain. :




The data indicate that in trying to minimize the
variability of the stress-strain properties of the asphalt
over the range of temperatures encountered in the field,
an asphalt with a lower temperature susceptibility would
be desirable. However, the data also indicate that, at
temperatures of 140°F and above, the viscosity and,
consequently, the plastic properties of all asphalts
appeared to be similar.

With all factors such as siress, penetration and
temperature being equal, viscosity appears to give a
qualitative but by no means quantitative indication of
behavior; i.e., the higher the viscosity the less the plastic
behavior, Likewise, a lower penetration appears to imply
less plastic flow, assuming stresses and temperatures are
equal,  Therefore,  viscosity and  penetration
classifications would appear to be useful in making an
approximation of behavior,
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