
Evaluation of 
Viscosity-Graded Asphalt 
Cements in Utah 

Douglas I. Anderson, Dale E. Peterson, and Max Wiley, Materials and 
Research Division, Utah Department of Transportation 

The methods commonly used to grade asphalts (penetration, viscosity, 
and ductility) were investigated to determine their effectiveness as indi
cators of performance. Although these parameters were found to be of 
value in establishing asphalt quality and in controlling mix and lay-down 
properties, new methods are needed to better predict asphalt perfor
mance. A new procedure called force ductility has been correlated to 
performance. This modification in the standard ductility test measures 
the force in the asphalt sample versus elongation and is based on the 
theory that an asphalt must be ab le to relax as strain from traffic load
ing and temperature shrinkage is applied to a pavement. Asphalts with 
lower forces performed best in the field. Other tests found to be indic
ative of performance were temperature susceptibility, shear susceptibil
ity, ductility versus temperature, and chemical fractionation. 

Asphalts exhibit complex flow prope1ties, and different 
asphalts perform differently. Asphalts from different 
sources have different shear and temperature suscep
tibilities at temperatures below 60°C (14D°F), which can 
and do affect performance. Low-temperature rheology 
and its relationship to performance are discussed ex
tensively in a number of reports (!-!!:l· The penetration 
test is run at 25°C (77"F) but fails to reflect consistency 
at other temperatures or at more than one rate of shear. 
It therefore cannot detect shear or temperature suscep
tibility. Fromm and Phang (4) reported that the amount 
of paraffin wax in the asphalthas a marked effect on the 
penetration test results. Research has shown that field 
performance, as evidenced by the amount of low
temperature cracking, is associated with certain as 
phalt sou1·ces (1, ~ 11). 

Pavement test sections were investigated to deter
mine the effectiveness of grading asphalts by viscosity. 
The state of Utah used modified research specifications 
in experimental sections that were constructed in 1968. 
This report is based on the evaluation of those experi
mental sections. Additional studies done on 108 pave
ments and 35 asphalts support the general relationships 
in this paper. 

Publication of this paper sponsored by Committee on Characteristics of 
Bituminous Materials. 

EVALUATION OF SURFACE 
DEFECTS 

The results of the pavement rating effort are given in 
Table 1. Cracking was very extensive in sections 2 and 
3, the Salt Lake City asphalt sections, and appeared to 
a much lesser degree in the Casper asphalt, sections 1 
and 4. A chip seal was applied to the sections after the 
57-month evaluation. The seal seemed to be more ben
eficial to section 1 than the others and reduced the crack
ing in that section. 

The overall rating of the sections from best to poorest 
was as follows: 

1. Section 1, Casper AC-6 (150 to 200 penetrat ion); 
2. Section 4, Casper AC-12 (85 to 100 penetration); 
3. Section 3, Salt Lake City AC-12 {60 to 70 penetra

tion); and 
4. Section 2, Salt Lake City AC-6 (85 to 100 penetra

tion). 

Based on this ranking, one can conclude that the phys
ical performance of the sections was affected more by 
the source of the crude oil than by the method by which 
it was graded. 

FIELD AND LABORATORY 
RHEOLOGY 

The difference in asphalt properties and the changes in 
these asphalt properties due to aging and temperature 
variations are of major concern in properly grading as
phalts. Comparing the performance of the four sections 
with regard to these properties and changes in proper
ties provides a better understanding of the causes of 
pavement distress and what constitutes good perfor
mance of an asphalt. 

To supplement the field-aging analysis of the asphalt 
propert ies, samples taken from the storage tanks beiore 
mixing were subjected to the rolling thin film circulating 
(RTFC) oven, and laboratory tests were performed. Al
though application of the oven does not accurately simulate 
the field-aging of an asphalt, it is considered to be similar 
in effect to what happens during mixing in the pug mill. 
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Percentage of loss in weight after 75 min in the RTFC 
oven was measured, and a much greater loss of volatiles 
occurr ed in t he Salt Lake City asphalts t han in t he Casper 
source (Table 2). Thia loss of volat iles is most likely a 
cause of t he more rapid hardening observed in the changes 
in asphalt pl'operties (viscos ity, ductility, and s o on) for 
the Salt Lake City asphalts . To gain a better under
standing of this hardening effect, samples of the four 
asphalts were aged in the RTFC oven for various times: 
75, 100 and 125 min (plus 175 and 225 min for section 1 
because of the slowe r aging observed) . Tests were per 
formed on these aged s amples, and the results are given 
in Table 2. 

A general r educt ion in penetration and cycling effect 
is evident in the plot of penetration versus time in 
sel'Vlce (Figure 1). Figure 1 shows asphalt hardening 
with t ime, and the cyclic trend is most likely due to 
seasonal changes, indicating an environmental effect on 
penetration; the relationship is similar to that shown in 
Figure 1. 

Penetration values for t he field and laboratory sam -
ples proved to be poor as per for mance indicator s; the 
best performer, section 1, was highest in penetration, 
but the second and third performei·s, sections 4 and 3, 
were lowe r in penetration than the wors t performing 
asphalt, section 2. 

Absolute Viscos it y at 60"C (140°F ) 
and Kinematic Viscosity at 135°C 
~ 
Throughout the 4 years of testing an increase in both 
the absolute viscosity at 60°C (140"F) and the kinematic 
viscosity at 135°C (275°F)wasobservedinthefieldsam
ples. The aging index (AI), which is the ratio of the 
viscosity aft er aging and the viscosity befo1·e aging, was 
us ed as an indication of aging rate. T he aging index 
shows that the Salt Lake s ource increased at a fas ter 
rate than did the Casper source asphalts (Figu1·e 3). 
Plots of the viscosity readings versus time in service 
for the t wo temperatur es are very s imilar in s hape, 
and the seasonal effect is ~resent but more noticeable 
at 135°C (275°F ) t han at 60 C(l40"F ). There were gen
era l increases at 3, 12, and 24 months and decreases 
at 6 and 18 months. 

Samples taken from the storage tanks show a higher 
average viscosity for the Salt Lake City aspha lts than 
for the Casper asphalts for both AC-6 and AC-12 grades 
and at both of t he test temperatul'es (Table 2). This 
again indicates a softer asphalt from the Casper source. 

Ductility 

The ductility readings at 4°C (39.2°F) remained rea
sonably constant, except for seasonal va r iation, through
out the testing in sections 2, 3, and 4. Section 1, how
ever, the best performing section, demonstr ated a def 
inite increase during the first year of service and then 
abruptly dropped to nearly the same level as the other 
three sections (Figure 4). This is inconsistent with 
theory because ductility should generally decrease with 
time in service except for slight fluctuations due to 
seasonal effects. The raw data show a wide variation 
in test results in section 1 for the first year, which 
most likely caused the avenge of the tests to differ 
from theory. The gene1·al comparison of magnitudes, 
however, shows a correlation between ductility and 
cracking, and the second best performing asphalt, sec
tion 4, demonstt·ated the second highest ductility. The 
Salt Lake City asphalts in sections two and three were 
lowest in ductility. 

A dramatic difference is noted between the Salt Lake 

City and Casper asphalts in the plot of ductility versus 
time in the thin film oven (Figure 5). The ductilities of 
the Salt Lake City asphalts in sections 2 and 3 were less 
than 10 initially, and they steadily decreased with time 
in the thin film oven . T he Casper aspha lts in sections 1 
and 4 were measured in the 100+ ra nge Initially and de
c1·easecl at a decreasing rat e with hardening. T his dif
ference in the ductilit y change with aging for the two as
plla lt origins seems to be indicative of the excess ive 
cracking in sections 2 and 3, the less ductile sections. 

Force Ductility 

A modification in the standard ductility test g1·eatly im
proves the usefulness of this pr ocedure . A linear vari
able displacement transducer (LVDT) was mounted in a 
proving ring and placed on t he drlve bar of the ductility 
apparatus (F igure 6). T his setup, when linked to a strip 
chart recorde1', measures the tens ion in the sample at 
any time as it is elongated. This force ductility test is 
based on the theory that an as phalt must be able to relax 
as strain from the traffic loading and temperature shrink
age is applied to the pavement, but it must possess 
enough tenacity to maintain a proper matrix. 

Shortcomings of the standard ductility test have stimu
lated much criticism of its use. These problems are 
nonrepeatability, variance in the cross-sectional area of 
the sample, imprecise data such as 100+ rather than a 
definite number, and the breaking of samples at the 
shoulder rather than at the sample center. For the most 
part these problems are not c ritical in the force ductility 
test. Because the data points are measured in t he first 
10 or 15 cm (4 or 6 in) of the test, the differences in 
cross-sectional area from one sample to another are 
insignificant. For this reason the repeatability of the 
test is much better. Indefinite data such as 100+ are 
eliminated, and Iew shoulde r bl'eakages seem to occur, 
most likely because of the s light give in the proving ring. 

The 1'01:!ult 1:1 of the force ductility test a 1·e s hown in 
Figure 7 for the original, residue, and 66-month sam
ples. The poorly performing Salt Lake City as phalts 
r each a high maximum tension when stretched and have 
a steeper recovery slope. The Casper asphalts reach 
a much lower maximum tension and have a smaller re
covery slope. This relationship is consistent for both 
original and residue samples . The maximum readings 
for the residue a re higher, howeve r , and the har dening 
effect increases t he fo1·ce necessary to pull the sample. 
The Salt Lake City asphalts increased in maximum ten
sion more with aging in the RTFC oven than did the 
Casper asphalts , indicating a more rapid hardening ef
fect for the Salt Lake City asphalts. For the field sam
ples extracted from the sections after 66 months, how
ever, the as phalt in section 4 reached a maximum ten
sion equal to that in section 2 but peaked at a greater 
elongation. Sections 1 and 3 r emained lowest and highest 
in maximum tension and recovery slope r espectively. 

In gene1·a1 the force ductilit y test measu1·es the con
sistency of the asphalts and changes in consistency with 
aging. Per haps an optimum area between the ve ry vis 
cous and the ve ry brittle exists in which optimum pe1·
formance occurs in a given climate. Based on extensive 
study, the force ductility test seems to be an indicator 
of temperature-associated cracking. 

Cannon Cone Viscosity at 25°C (77"F) 
and 0 .05 s-1 

All sections demonstrate a definite seasonal variation in 
the Cannon cone viscosity test and an overall increase 
in viscosity with time in service for the field samples. 
The Salt Lake City asphalts were higher within each 



Table 1. Performance data. 

Transverse Longitudinal Load 
Cracking Cracking Cracking 

Sample Section (m/100 m) (m/100 m) (m2/ 100 m) 

57-month I 17 31 0 
2 94 22 6. 1 
3 60 0 0 
4 14 8 0 

66-month I 15 20 
2 133 82 
3 107 25 
4 26 12 

Note: 1 m = 3.28 ft, 

Figure 1. Penetration versus field aging. 
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Table 2. Test results of storage tank samples of asphalt cements. 

Time in Section 
Oven 

Characteristic (min) 4 

P enetration at 25°C, 0 159 90 62 87 
mm/ 0.1 mm 75 111 63 46 68 

100 103 56 45 55 
125 96 52 38 54 
175 86 
225 74 

Ductility at 4°C, cm 0 100+ 9.2 5 7.0 100+ 
75 100+ 5.0 4.5 32.0 
100 64 4.0 3.0 9.5 
125 42 3.5 2.5 7.5 
175 20 
225 11 

Ductility at 25°C, cm 0 150+ 150+ 150+ 150+ 

Cannon cone viscosity at 0 29 .9 115.0 345 .0 101.2 
25°C and 0.05 s-', kPa.s 75 64.4 276.0 552.0 184.0 

100 73 .6 345.0 667 .0 253.0 
125 92 .0 464.0 1012.0 322.0 
175 110.4 
225 184.0 

Cannon cone viscosity at 
16°C and 0.05 s - ', kPa·s 0 299.0 1380.0 2162 .0 920.0 

Absolute viscosity at 0 66.0 72.0 134.8 137.5 
60°C, Pa·s 75 110.0 127.9 233.8 225.5 

Kinematic viscosity at 
99°C, cm'/s 0 14.38 15.15 20.90 

Kinematic viscosity at 0 2.08 2. 12 2. 71 2.91 
135°C, cm'/s 75 2.58 2.60 3.27 3.44 

Flash point, °C 0 450 500+ 500+ 500+ 

Percentage loss in oven 75 0.085 0.223 0.176 0.009 

Specific gravity 0 1.024 1.013 1.018 1.029 

Solubility (CC!,) 0 99.89 99.86 99.88 99.95 

Note: l mm= 0.039 in, 1 cm = 0.4 in, 1 Pa.s = 10 poises, 1 cm2/s = 100 centistokes, and 
l'C = (l'F - 32)/1.8. 
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Opening A BR-ERO Multiple Ruts Ruts 
Rating Rating Rating (!WP) (OWP) 
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4.0 4.0 0.81 0.33 
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3.0 4.5 0.69 0 .56 
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0.81 0.28 
0.66 0.38 
0.41 0.38 
0.53 0.36 

Figure 2. Penetration versus thin film oven time. 
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grade, in both initial values of viscosity and rate of in
crease with time, indicating a faster hardening effect in 
the Salt Lake City sections (Figure 8). 

Cannon cone viscosity versus time in the thin film oven 
is shown in Figure 9; no significant relationship with re
spect to aging index is observed. Cracking correlated 
better with the laboratory-aged than with field-aged sam
ples; the best performing asphalts generally were lower 
in Cannon cone viscosity. 

Cannon Cone Viscosity Versus 
Shear Rate 

The standard Cannon cone test is performed at a shear 
rate of 0.05 s- 1

• The literature revealed that, by varying 
this shear rate, a relationship with viscosity value is ob
tained that can be related to performance (12). The Can
non cone test was pel'formed at shear ratesof 0.01, 0.05, 
0.10, 0.50, and 1.00 s- 1 on original samples as well as 
samples aged 75, 100, and 125 min in the RTFC oven . 
Viscosity was plotted versus shear rate on a semiloggrid, 
and straight -line relationships were obtained as shown in 
Figure 10 for the four asphalts at the various oven aging 
times. A least square curve fit was performed on the data, 
and a multiple R of more than 0.86 was generated for each 
curve. The slope of each line was calculated and used in the 
correlation matrix, which substantiated that steeper slopes 
on the plot generally correspond with poor performance. 

The correlation between the slopes of the Cannon cone 
viscosity-shear rate relationships and the force ductility 
readings is highly significant. This points to the similar 
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mechanism of the tests, the Cannon cone measuring 
shear stress and the force ductility measuring tensile 
stress. 

Temper ature Susceptibilit y 

Temperature obviously has a substantial effect on the 
rheology of an asphalt. The extent of this effect is 
called temperature susceptibility (13) and is measured 

Figure 3. Viscosity at (a) 60°C 
(140°F) and (b) 135°C (275° F) 
versus time. 
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Temperature susceptibility was calculated for the four 
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Figure 4. Ductility at 4°C (39.2°F) versus field aging 
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Figure 6. Force ductility 
apparatus. 

Figure 8. Cannon cone viscosity at 25°C (77° Fl versus field aging. 
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Figure 9. Cannon cone versus thin film oven time. 
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Figure 7. Force ductility of (a) original, (b) residue, 
and (c) 66-month samples. 
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asphalts for original, residue, and 66-month samples at 
25 to 60°C (77 to 14Cl°F), as well as 60 to 135°C (140 to 
275°F). These values are shown in Figure 11. 

Temperature susceptibility values for the original 
and residue samples are relatively the same for the four 
asphalts in the high temperature range. The tempera
tui·e susceptibility of the original and residue samples in 
the low temperature range, closer to the actual pavement 
temperature range while in service, is greater fo1· the 
Salt Lake City asphalts than for the Casper asphalts . 

Temperature susceptibility values of the asphalts after 
66 months in service show a somewhat different relation
ship from that of the original and residue samples. 

A significant decrease is observed in temperature sus
ceptibility; section 2 dropped to the same general range 
as the Casper asphalts, and section 3 decreased dras-
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tically to even a lower level than the Casper source. The 
AC-12 grades were higher in temperature susceptibility 
initially but decreased much more than the AC-6 grnde to 
lower levels for tile i·esidue and 5~ -year samples. 
Source is the more influential factor in this temperature 
range. 

Temperature susceptibility values in the low tempera-

ture range correlate highly with the number of meters of 
transverse cracking present in each section. Sections 2 
and 3, the more temperature-susceptible sections, had 
more cracking than the less temperatui-e-susceptible sec
tions, 1 and4. Viscositychanges withtemperaturevaria
tion may be a major factor in predicting pavement perfor
mance. 

Figure 10. Cannon cone viscosity versus shear rate of (a) original sample, (b) sample after 75 min in oven, (c) sample after 100 min in oven, and 
(d) sample after 125 min in oven. 
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Figure 11. Temperature susceptibility at (a) 25 to 
60°C (77 to 140° F) and (b) 60 to 135°C (140 to 
275°F). 
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To gain an indication of how temperature changes af
fect the ductility of the asphalts, ductility tests were run 
on storage tank samples at various water bath tempera
tures. This temperature-ductility analysis produced the 
curves shown in Figure 12. The Casper asphalts appear 
to remain ductile at a lower temperature than do the Salt 
Lake City asphalts. The AC-6 asphalts remained ductile 
at a lower temperature than the AC-12 asphalts within 
each source, but, as with temperature susceptibility, the 

Figure 13. Asphalt composition of (a) original, (b) residue, and 
(c) 66-month samples. 
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source of the asphalts is a much more controlling factor. 

CHEMICAL ANALYSIS 

The asphalts were broken down chemically to determine 
why the origin of an asphalt has such an effect on its prop
erties . In the analysis, the following five constituents 
were determined: asphaltenes (A), nitrogen bases (N), 
fu·st acidaffins (A1), second acidaffins (A2), and paraffins 
(P). The percentages of each constituent for the original, 
residue, and 66-month field samples a r e shown in Figure 
13. No effort was made to determine what portion of the 
changes was due to volatility and how much was due to 
chemical reactions. 

The transverse cracking of the sections correlates 
with the paraffin content and inversely with the nitrogen 
base content. High correlations were found between 

Table 3. t-test for comparison of group mean. 

Student t 
Student t Comparison 
Comparison of Viscosity 

Item D.F . of Sources Grading 

Transverse cracking 2 -9.37' 1.48 
Longitudinal cracking 2 -0. 75 1.46 
Rut depth 32 0.03 0.19 
Profilograph 23 0.51 1.37 
A 

Original , residue 16 -35.12' -0.52 
Original. field 16 -29.32' -47.52' 
Original, residue, field 24 -28.85' -33.96' 

N 
Original, residue 16 192.70' 18.84' 
Original, field 16 293 .85' 23.67' 
Original, residue , field 24 238.48' 21.05' 

A, 
Original, residue 16 61,64' -10.01 b 

Original, field 16 -4,12' -6 .47' 
Original, residue, field 24 15,38' -13.35' 

A, 
Original, residue 16 6. 78' 1.65 
Original, field 16 6.29' 1.02 
Original, residue field 24 67.16' 10.84' 

p 
Original, residue 16 -64.89' 18.54' 
Original, field 16 -212.35' 35.24' 
Orlg:lnal, residue, field 24 -172.71' -24.36' 

Penetration at 25°C 
Original, residue 2 13.08' 12. 76' 
Original, field 2 12.62 ' 12.80 ' 
Original, residue, field 5 9.91' 9.53' 

Viscosity at 60°C 
Original, residue 2 -1. 85 -22 ,28' 
Original, field 2 -8.57' -12 . 50' 
Original, residue, field 5 -4.37' -6 .96' 

Viscosity at 135°C 
Original, residue 2 4.53" -43 .as• 
Original, field 2 -1.61 -6 . 18' 
Original, residue, field 5 -0.97 -5.06° 

Cannon cone at 2 5°C 
0, 75, 100, 125 min 8 -12.55' -9.34' 
Original, field 2 -3 . 74 -5.57' 
Original, residue, field 5 -2.09 -2 .31 

Slope 
0, 75, 100, 125 min 8 8. 70' 5.87' 
Original, field 2 9. 92 ' 11. 97' 
Orig lnnl, residue, field 5 5.49' 5.92' 

Force duclllity at 4°C 
Original , residue 2 -32. 76' -18.36" 
Original, field 2 -2.98 -2.35 
Original, residue, field 5 -3. 78" -2 . 70' 

Temperature susceptibility 
at 25 to 60°C 

Original, residue 2 0.02 · -0 ,38 
Original , field 2 0.70 -0 ,29 
Original, residue, field 5 1.81 -0.50 

Temperature susceptibility 
at 60 to l35°C 

Original, residue 2 4.86' 4.04 
Original. field 2 2.60 1.09 
Original, residue, field 5 4.07' 1.63 

Note: l 'C = (1°F - 32)/1 ,8 

aAt 5% significance. bAt 0.1 % significance. cAt 1% significance, 
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transverse cracking and N/P. Holstead, Rostler, and 
White (14) foWld that the higher the value of (N + A 1)/ 
(A2 ·t P)is, the more abrasion occurs in an asphalt 
concrete sample. The data here reveal that the higher 
(N + A1)/ (A2 + P) is, the less cracldng present in the 
pavement. A definite relationship exists among com
positional components, force ductility, temperature 
susceptibility, and transverse cracking of the pavements. 
It seems that the change in physical properties with 
changes in temperature, which is controlled by the chem
ical configuration of the asphalt, is critical in pavement 
cracking. This relationship may be one reason why the 
Salt Lake City source cracked more readily in Utah's 
severe high and low temperatures and many freeze-thaw 
cycles. 

SOURCE VERSUS VISCOSITY 

The data from sections 1 and 4 were grouped and ana
lyzed against those from sections 2 and 3; then the 
sources were compared by using the Student t-test. 
Grouping sections 1 and 2 against sections 3 and 4 pro
duced a viscosity comparison. The results of the t-test 
are given in Table 3 for selected performance variables, 
the compositional fractions, an,d the asphalt properties. 

Based on the t-test, transverse cracking is signifi
cantly affected by the source of the asphalt and not by 
the viscosity grade. A significant difference between 
sources is observed for all of the compositional com
ponents; the same difference occurred in most cases 
when viscosity grades were compared. The fractions 
that appear to vary more with respect to source than 
viscosity grading are the nitrogen bases, second acid
affins, paraffins. This is also obvious upon inspection 
of Figure 13. These three components are correlated 
highly with respect to transverse cracking. 

The test results from this study imply that the source 
of asphalt affects transverse cracking, temperature sus
r.eptihility, !md compositional makeup more than viscosity 
grading does. This emphasizes the fact that viscosity 
grading cannot be relied on too heavily and further that 
new and better methods of grading asphalts are needed. 

SUMMARY 

It is widely accepted that new methods for grading as
phalts are needed and would greatly improve highway per
formance, pavement design, and failure prediction. 
Penetration, viscosity, and ductility tests currently used 
to grade asphalts have been shown to be of value as in
dicators of asphalt quality but are limited in accuracy 
and repeatability. 

The results of this study indicate that force ductility 
gives a good indication of pavement performance. The 
data obtained from the force ductility test are in a much 
more workable form than the standard ductility test. Re
sults of the ductility test are somewhat vague and indef
inite . Also, more accurate 1·eadings are obtained in the 
early stages of the force ductility test, where the cross
sectional areas are uniform for all samples. In theory 
the force ductility test is based on measuring the stress 
of a sample due to deformation. This stress in a pave
ment is caused by thermal expansion, traffic loading, or 
both. 

The relationship between the Cannon cone viscosity 
and shear i·ate has been shown in recent publications to 
be of value in evaluating asphalts. This is generally true 
in thls study; the bette1· performing asphalts have a 
smaller slope on the viscosity-shear rate semilog plot. 
The slope of the viscosity-shear nte 1·elationship in
creases with age, as expected. 

Temperature susceptbibility appears to be a major 

factor in predicting pavement cracking in Utah. It is 
insufficient to determine an asphalt property at a single 
temperature and then to predict pavement cracking. By 
comparing trends in viscosity change with changes in 
temperature, a much more realistic view of pavement 
consistency at extreme temperatures is acquired. 

Certainly chemical makeup of an asphalt, as sug
gested by Rostler and adopted here, is a useful tool in 
understanding the behavior of asphalt cements. Cor
relations exist among various chemical fractions, as
phalt proper ties, and performance criteria. 

Chemical makeup is related to the transverse cracking 
observed in the test sections. Higher paraffin content 
and lower nitrogen base and first acidaffin contents in
dicate more tl'ansverse cracking. Similarly, the higher 
the factors N/ P and (N + A1)/(A2 + P) are, the fewer are 
the number of transverse cracks that develop in the pave
ment. 

In this study, penetration was not a good indicator of 
performance, but generally the higher penetration as -
phalts performed best. In Utah, chemical makeup, tem
perature susceptibility, and pavement cracking are in
Iluenced more by the source than by viscosity grading. 
A general comparison of the asphalts in this study shows 
that the softer the asphalt is, the better it will perform. 
The asphalts higher in penetration and ductility and lower 
in viscosity have less tendency to crack. Rutting, how
ever, occurs if a pavement is too ductile, but, in the en
vironment of the Green River test sections, rutting was 
not a problem for the grades and sources of asphalt used. 
Similar penetration and viscosity grades from other 
sources may perform differently in the same climate. 
Methods to better define these limits of performance are 
needed. 
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