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This project was designed 
to answer questions about 
the adequacy of Superpave 
specifi cations and in particular 
to fi nd a specifi cation superior 
to the G*sin δ function, which 
does not satisfactorily predict 
fatigue cracking. Also, there 
has been an ongoing concern 
that the pressure aging vessel 
(PAV) does not accurately 
simulate hardening of asphalts 
in pavements. Finally, with 
the increasing use of modifi ers 
there is concern about the 
applicability of Superpave 
specifi cations to these 
materials, and also about the 
effect of modifi ers on water 
susceptibility.

We addressed all of these 
questions in this project with 
emphasis on developing a 
new long-term performance 
test that would use new 
aging conditions and a new 
measurement, still based on 
the dynamic shear rheometer 
(DSR) instrument, that 
would relate to excessive 
oxidative hardening and 
subsequent fatigue.  The 
literature contains data that 
indicate ductility measured 
at lower temperatures 
ranging from 10 to 15 °C 
(50 to 59 °F) correlates well 

with the conditions of old 
roadways, so a correlation was 
desired between ductility and 
DSR measurements.  Field 
verifi cation was an important 
part of this project.    

What We Did…
This comprehensive project 

was directed at developing an 
improved method of screening 
asphalt binders for long-term 
pavement performance, and it 
included studies of aged binders 
recovered from pavements.  
This work involved a new look 
at: 

• asphalt binder oxidation 
methods and their effects on 
binders (including polymer 
modifi ed binders); 

• the effect of binder aging 
on Superpave performance 
properties, especially low-
temperature bending beam 
rheometer (BBR) S and m 
values; and 

• studies of the role of other 
properties important to 
durability that are not 
included in Superpave.  
The work culminated in a 

new binder aging and testing 
protocol for predicting the 
long-term performance of 

asphalt binders in pavements.  
Specifi cally, this work included:

• investigations to develop 
an appropriate DSR 
function that relates to 
long-term binder durability 
in pavements and that can 
be readily measured with 
existing DSR equipment;

• fundamental studies 
of asphalt oxidation, 
especially of the effect of 
oxygen pressure on asphalt 
hardening rates, important 
for understanding the 
suitability of accelerated 
aging procedures such as the 
PAV;

• studies of the suitability of 
the PAV as a conditioning 
procedure for assessing 
long-term binder durability;

• studies of the effect of PAV 
aging on low-temperature 
asphalt properties;

• extensive studies of 
accelerated aging methods 
to determine an appropriate 
procedure for conditioning 
asphalt that has the 
combined objectives of 
accurately representing 
long-term pavement aging 
while at the same time being 
capable of being performed 
in a reasonable length of 
time;
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• investigations of the impact of 
polymer modifi ers on binder 
properties, on binder durability, 
and on water susceptibility; and

• studies of binders recovered 
from pavement cores to test 
conclusions about binder 
properties and performance and 
to calibrate laboratory aging 
rates to fi eld aging rates.  

What We Found…

A New DSR Function for 
Predicting Age-Related Failure

Literature studies show a strong 
correlation between asphalt ductility 
and pavement performance, 
especially fatigue cracking.  In this 
project, we have discovered a new 
dynamic shear rheometer function 
that correlates very well with 
ductility for unmodifi ed binders. 

The DSR function is measured 
at 44.7 °C (112 °F) and 10 rad/s, 
providing a method that is easily 
accessible to standard Superpave 
laboratory rheological equipment 
and methods and appears to be 
an excellent function for tracking 
pavement aging.

For modifi ed asphalts, the DSR-
ductility results were complex. 
Generally for a given value of the 
DSR function, the ductility was 
better than indicated by the DSR 
function correlation for unmodifi ed 
asphalts. Larger amounts of 
modifi er produced increasing values 
of ductility for a given function 
value. This enhancement was very 
asphalt dependent, however, so no 
general correlation could be found.

For modifi ed asphalts, force-
ductility measurements showed that 
modifi ers change the extensional 
behavior of binders by providing 
fl ow stability and, in some cases, by 
increasing the failure stress of the 
binder. These effects can result in 
much improved binder ductility for 
unaged or lightly aged binders.

As modifi ed binders oxidize, 
the asphalt hardens and the 
improvement to ductility imparted 
by modifi ers decreases. After 
enough aging, the improvement is 
gone and modifi ed binders perform 
no better than their aged unmodifi ed 
counterparts. Nevertheless, 
modifi ers appear to provide added 
life to binders.  A critical question 
remains as to whether the life 
extension is cost-effective, and 
an answer will rely on the actual 
amount of life extension and the 
cost of the modifi cation.

Ductility and aging results 
indicate that polymer modifi ers 
generally improve asphalt 
hardening rates, but the amount 
of improvement is modifi er and 
asphalt dependent.  Styrene 
butadiene styrene (SBS) or styrene 
butadiene rubber (SBR) at small 
concentrations (1 percent) do not 
have much benefi cial effect on 
binder hardening.

Even though a ductility-DSR 
correlation does not seem to exist 
for modifi ed binders, a direct 
tension-ductility correlation does.  
This correlation may allow using 
the Superpave direct tension 
instrument in lieu of ductility 
measurements, which, although 
not as convenient as DSR, is much 
more convenient than using only 
ductility. 

A New Aging Procedure
A new aging procedure uses 

the PAV apparatus but is modifi ed 
by taking advantage of the higher 
average aging rate when the asphalt 
is aged in thinner fi lms.  This 
change, combined with a somewhat 
longer aging time, results in more 
extended binder aging and thus a 
more rigorous test of durability 
than the standard PAV method. 
At the same time, the resulting 
rankings for aged binders are more 
representative of rankings that are 

obtained from aging near pavement 
conditions.  

Tests measured low-temperature 
properties, BBR S and m and 
direct tension failure strain, for 
asphalts aged in the standard PAV 
procedure and in the environmental 
room, both after rolling thin fi lm 
oven test (RTFOT) aging. The 
properties for PAV-aged asphalts 
agreed remarkably well with the 
properties obtained after 38 days in 
the environmental room, although 
longer times in the PAV did not 
correlate as well with any specifi c 
longer time in the environmental 
room.

The PAV can be eliminated and 
BBR determinations estimated after 
RTFOT aging (or an alternative 
hot-mix aging procedure) only, 
based on values of G*/sin δ at 
58 °C (136 °F).  The amount of 
error introduced by this estimation 
procedure appears to be acceptable.

From age hardening results 
at a variety of conditions of 
temperature and pressure, a number 
of comparisons can be made.  
Especially notable are that 
122 days at 60 °C (140 °F), 1 atm 
air corresponds to 32 hours at 
90 °C (194 °F), 20 atm air and 
377 hours at 88 °C (190 °F), 1 atm 
air, all after RTFOT aging.  All 
of these tests were in 0.86 mm 
(0.034 in) thick fi lms.  

Water susceptibility results 
determined for several asphalts with 
and without modifi ers indicated that 
the modifi ers did not greatly affect 
the water susceptibility.

A New Trial Specification 
The DSR function was coupled 

with the new aging procedure in a 
tentative specifi cation that should 
guard against failure caused by 
premature asphalt hardening and 
consequent fatigue cracking.  This 
method appears to be a good 
predictor of asphalt resistance to 
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failure due to oxidative hardening. 
The method is not effective 
for modifi ed asphalts.  But an 
alternative direct tension procedure 
for modifi ed materials shows 
promise.

New Pavement Aging Results
There is some evidence that 

seal coats may penetrate below 
the surface of a pavement, even 
in dense-graded mixes, under the 
right conditions.  Many of the 
pavements that were tested failed 
to provide defi nitive determinations 
of a critical value of the binder 
DSR function or of pavement 
binder aging rates because binder 
stiffening over time showed 
anomalous trends.  These observed 
anomalies (reversals in stiffening) 
could be explained by seal coat 
penetration, if it occurred to a 
signifi cant degree.

If, in fact, seal coats are able to 
penetrate into the pavement, then 
they may provide a signifi cant 
opportunity to rejuvenate 
pavements in place.  For those 
pavements where the binder 
stiffening anomalies may be 
explained by seal coat penetration, 
the supposed rejuvenation reversed 
approximately 10 to 15 years of 
pavement aging.  Other pavement 
data suggest that a specially 
designed seal coat may be able to 
halt pavement aging.

Pavements can oxidize at 
surprisingly uniform rates with 
depth, even for dense-graded mixes.

Brittle binders can be better 
tolerated in stiff pavement systems.  
Thus, an appropriate limiting DSR 
function value depends on the 
stiffness of the pavement system.  

The Superpave RTFOT plus 
PAV procedure ages binders at 
Texas conditions to a level that is 
approximately equal to hot-mix 
aging plus four years on the road, 

based on SH 21 data.  This is not 
a very severe level of aging in the 
context of pavement life.

One month of aging in the 
60 °C (140 °F) environmental room 
was equivalent to approximately 
15 months on SH 21 after the initial 
jump passed.  This calibration 
will vary with climate, binder 
composition, and air voids.

On SH 21, aggregate altered 
neither the oxidation hardening 
susceptibility nor the path followed 
on the G´ versus η´/G´ map, 
compared to laboratory aging of 
the neat binder.  This comparison 
suggests that aggregates do not 
have a large impact on asphalt 
oxidation reactions.

The Researchers 
Recommend…

For TxDOT Evaluation or 
Implementation

TxDOT laboratories should 
begin evaluating the proposed 
long-term durability specifi cation 
procedure to gain familiarity with 
it and with the performance of 
different asphalts, preliminary to 
implementation.  The test calls 
for RTFOT or equivalent aging 
followed by aging in the PAV 
apparatus at 90 °C (194 °C) and 
20 atm air but in thin 0.86 mm 
(0.034 in) fi lms and for an extended 
time of 32 hours.  This level of 
aging is about three times more 
severe than the Superpave PAV 
procedure provides.  This procedure 
is followed by DSR function 
measurement to determine the 
asphalt’s remaining fl exibility after 
the extended aging.

The use of penetrating seal coats 
to rejuvenate underlying pavement 
should be evaluated.  Rejuvenating 
seal coats should use materials that 
are specially designed to produce 

a more ductile and slower aging 
binder in the pavement.

Falling weight defl ectometer 
(FWD) measurements together with 
measurements of binder ductility 
(through the DSR function) should 
be implemented as a method for 
evaluating remaining pavement 
life and scheduling seal coats to 
rejuvenate the underlying pavement 
and to halt or drastically slow 
further hardening.  A combination 
of a low-stiffness pavement and 
a brittle binder leads to cracking 
failure.

TxDOT laboratories should 
evaluate the abbreviated procedure 
to determine low-temperature 
Superpave properties immediately 
after the hot-mix aging test, in lieu 
of PAV conditioning.

Further Study 
Further study is recommended in 

the following areas:
• the use of seal coats designed 

specifi cally to halt oxidation of 
the underlying pavement;

• development of a method for 
determining binder stiffness 
in mixtures and in pavement 
cores, as a means of assessing 
remaining life, especially 
important for modifi ed materials 
for which extraction and 
recovery is unproven;

• polymer modifi cation to 
understand the cause of the 
benefi t degradation that occurs 
due to aging and whether this 
can be improved by adjusting 
asphalt composition;

• the effect of asphalt composition 
on polymer benefi t;

• the effect of modifi er on binder 
failure stress; and

• the use of direct tension 
measurements to characterize 
polymer ductility and thus 
durability.
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This research was performed in cooperation with the Texas Department of Transportation (TxDOT) and the U.S. 
Department of Transportation, Federal Highway Administration (FHWA). The contents of this report refl ect the 
views of the authors, who are responsible for the facts and accuracy of the data presented herein. The contents do 
not necessarily refl ect the offi cial view or policies of the FHWA or TxDOT. This report does not constitute a stan-
dard, specifi cation, or regulation, nor is it intended for construction, bidding, or permit purposes. Trade names are 
used solely for information and not for product endorsement. The engineer in charge of this project was Charles 
James Glover, Ph.D., P.E. (Texas, 48732).
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