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THE UNIVERSAL SIMPLE AGING TEST (USAT) AND LOW-
TEMPERATURE PERFORMANCE GRADING USING SMALL-PLATE 

DYNAMIC SHEAR RHEOMETRY:  AN ALTERNATIVE TO STANDARD 
RTFO, PAV, AND BBR FOR HMA AND WMA 

 
 
INTRODUCTION 
 
The Universal Simple Aging Test (USAT) is a new thin film (300 μm) short- and long-term 
aging test developed at Western Research Institute (WRI) and proposed as an alternative to the 
standard rolling thin film oven (RTFO) and pressure aging vessel (PAV) tests. The new test can 
be applied to neat and modified asphalt binders for hot and warm mix asphalt.(1,2) Also, the 
USAT can be applied to emulsion residue recovery and oxidative aging of the residue.(3,4) 
 
Before the Strategic Highway Research Program, there was considerable interest in static thin 
film aging. However, the RTFO test was adopted for short term aging because of the large 
amount of aged asphalt needed for the Bending Beam Rheometer (BBR) test. Since adoption, the 
RTFO has been found problematic for aging highly modified binders. In the case of warm mix 
binders, RTFO testing at lower temperature to simulate a “warm” plant limits the rolling needed 
to uniformly age the material. The USAT eliminates the “rolling” issue for polymer modified 
and warm mix asphalts. 
 
Recent development at WRI of a 4-mm diameter parallel-plate dynamic shear rheometer (DSR) 
technique allows DSR testing to -40°C, and requires only 25 mg of binder.(5,6) The technique is 
commonly referred to as 4-mm DSR. By combining 4-mm DSR with the USAT, the low and 
intermediate temperature rheology of short and long-term aged asphalt binders can be 
determined, including BBR m-value and creep stiffness, as well as the thermal stress build-up in 
the binder and mix from a cooling event. (See references 1, 2, 7, and 8.) In addition to low and 
intermediate temperature DSR, the USAT generates sufficient aged material to perform high 
temperature DSR using 25 mm diameter plates.  
 
The focus of this report is divided into two areas: 
 
(1) To establish the USAT time and temperature to reach the same aging as the standard RTFO 
and PAV for HMA unmodified and modified binders.  
 
(2) To establish the USAT time and temperature necessary to simulate the oxidative aging that 
occurs in the “warm” plant during the production of WMA. 
 
The reader is referred to Salmans et al. and Farrar et al. for the application of the USAT to 
emulsion residue recovery and aging.(3,4,9)  
 
Background 
 
The rolling thin film oven test (RTFOT) was developed in the early ‘60’s by Hveem et al.(10) and 
was adopted by ASTM in 1970. During the strategic highway research program (SHRP) it was 
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selected as the standard for simulating the short term binder oxidative aging that occurs during 
hot mix asphalt (HMA) production, hauling, and laydown and is currently used in the Superpave 
asphalt binder specifications.  
 
The key advantage of the rolling thin film oven test, compared to static aging tests such as the 
Thin Film Oven Test (TFOT) (ASTM D 1754) is the increased surface exposure in the RTFO 
due to the rolling action of the glass vessels. However, the amount of rolling and exposure of 
fresh faces from one asphalt to another varies with the viscosity of the asphalt before and the 
change in viscosity that occurs during the test. The flow and mixing of asphalt binder in the 
bottles is further complicated when polymer modified. Reducing the temperature in the RTFO to 
simulate the oxidation that occurs during warm mix asphalt production causes similar 
complications. 
 
This reduction or elimination of rolling during the RTFO test with highly modified asphalts has 
been well known for a number of years. Bahia et al. attempted to resolve the problem by 
introducing a metal rod into the RTFO bottle to induce film spreading.(11) Testing performed by 
FHWA and the South East Asphalt User Producer Group concluded that metal rods reduced the 
extent of aging of modified and unmodified asphalt binders and caused both types of binders to 
creep out of the bottles.(12) 
 
The problem of asphalt binders creeping out of the bottle may have been exacerbated by the 
metal rod, but polymer modified asphalts often creep out of the bottle without the presence of a 
metal rod. The reason is attributed to the Weissenberg effect, namely the climbing of a 
viscoelastic liquid up a rotating rod. It is speculated the elastic forces (stretching of the polymer 
chains) generated by the rotation of the glass vessels result in a positive normal force causing the 
binder to creep up the inlet sides of the bottle. 
 
These problems with the RTFO test led to development at WRI of the USAT. The following 
requirements were deemed necessary if the USAT was going to be a viable alternative to RTFO 
and standard RTFO/PAV oxidative aging: 
 

1) Match the RTFOT in terms of extent of aging on neat asphalt. As long as the Superpave 
binder specifications are based on RTFOT results, any new test must be able to duplicate 
the RTFOT aging for neat asphalts. 

2) Keep it simple, i.e., eliminate the tedious bottle scrapping and cleaning. Design the test so 
the short-term aged sample can be placed directly in the long term aging oven.  

3) Produce sufficient binder for SHRP PG specification testing and chemical characterization. 

4) Do not involve solvents for casting or recovery; this is particularly important for polymer 
modified asphalts. 

5) Reduce the film thickness to significantly reduce the oxygen diffusion problem that is 
clearly present in static thin film tests such as the TFOT. 

6) Design it so the temperature can be reduced to simulate warm mix production. 

7) Keep the testing time at or preferably less than the current RTFO and RTFO/PAV tests. 



  
 

3 

8) Keep the cost low. 

9) Design the test so that there is potential for aging emulsion residue films.  
 
Thin film oxidative aging is defined here as a film of several hundred microns. This would 
address most if not all of the above requirements, but requires a very large surface area to 
generate sufficient binder for current SHRP specification testing. In particular, the bending beam 
rheometer (BBR) test is the sticking point because each beam requires approximately 15 g and 
typically several beams are required. The intermediate and high temperature SHRP tests are 
performed on a dynamic shear rheometer and only require several grams of binder. 
 
However, as noted above, recent development of 4-mm DSR obviates the need for BBR. With 
4-mm DSR, the USAT is a feasible alternative to the RTFOT and generates sufficient asphalt for 
low, intermediate and high temperature SHRP specification tests. Also, sufficient asphalt is 
generated for chemical characterization, such as: 
 

• Fourier transform infrared spectroscopy ( ~200 mg)  
• Gel permeation chromatography (~200 mg)  
• Differential scanning calorimetry (~20 mg)  
• SARA separations (~500 mg) 

 
Research and new test development over the last decade has concentrated on: (a) generating 
several hundred grams of aged asphalt, primarily for BBR testing, (b) resolving issues related to 
the asphalt creeping out of the RTFO bottle, and (c) addressing the lack of rolling with some 
polymer modified asphalts in the RTFOT. The Rotating Cylinder Ageing test (RCAT),(13) 
Modified German Rolling Flask (MGRFT),(12) and Stirred Air Flow test (SAFT)(14) are examples. 
 
 
EXPERIMENTAL AND MATERIALS  
 
Dynamic Shear Rheometry using 4 mm Diameter Parallel Platens 
 
Rheology was performed on a Malvern Kinexus stress control dynamic shear rheometer (DSR), 
and in a few cases on a TA Instruments ARES strain control rheometer. The low and 
intermediate temperature (-30 to 30°C) rheological properties of the recovered binders were 
measured with 4 mm diameter parallel plate geometry (typically referred to as simply 4-mm 
DSR). High temperature rheological properties were measured with 25 mm diameter plate 
geometry. 
 
The 4-mm DSR test method is described elsewhere by Sui et al.(5) and Farrar et al.(6) Low and 
intermediate temperature frequency sweeps were typically performed at 15 or 20°C intervals 
over a temperature range of -30 to 30°C and an angular frequency range of 0.1 to 50 rad/sec. 
High temperature frequency sweeps were typically performed at 50 and 70°C.  
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Infrared Spectroscopy  
 
Infrared analysis was performed in the transmission mode with a 1.0 mm solution cell with 
50 mg asphalt per 1 mL carbon disulfide. Thirty-two scans were co-added on a Perkin Elmer 
Spectrum 100 operated at a resolution of 4 cm-1 . 
 
Materials 
 
Table 1 describes the asphalt binders used in this study for development of the USAT as an 
alternative to RTFO and standard PAV. They are tank asphalts collected during construction on 
the projects. These sites were constructed and are being monitored in a cooperative effort by the 
Minnesota and Wyoming Departments of Transportation, the Manitoba Infrastructure and 
Transportation Department, Western Research Institute, the Asphalt Research Consortium, and 
the Federal Highway Administration. Note: the BS binder listed in table 1 was not short term 
aged in the laboratory, only the recovered HMA and WMA binder rheological properties are 
reported in this study. 
 

Table 1. Description: asphalt binders used in the USAT study. 

Project Location Date 
Constructed 

Asphalt Binder 
Label PG Description 

Olmsted County, MN, 
County Road 113 

2006 MN1-3 58 - 28 HMA test sections only. Unmodified 
binder, Canadian blend. 

Olmsted County, MN, 
County Road 113 

2006 MN1-4 58 - 28 HMA test sections only. Unmodified 
binder, Blend of Arab heavy, Arab 
medium, and Kirkuk  

Olmsted County, MN, 
County Road 113 

2006 MN1-5 58 - 28 HMA test sections only. Unmodified 
binder, Venezuelan blend 

Southern Manitoba 
Hwy 14, Plum Coulee 
to Winkler 

2010 MB 58 - 28 Includes HMA and WMA test sections. 
Unmodified binder from Manitoba, 
150/200 pen, Canadian blend 

Yellowstone National 
Park 

2007 YNP 58 - 34 Includes HMA and WMA test sections. 
SBS modified binder 

College Drive, 
Cheyenne, WY 

2011 WCD 70 – 28 Includes HMA and WMA test sections. 
SBS modified binder 

WYO 196 (Buffalo 
South Overlay) 

2012 BS 64 -28 Includes HMA and WMA test sections. 
SBS modified binder 
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DEVELOPMENT OF THE USAT FOR SIMULATING RTFO AND RTFO/PAV 
 
The USAT is not a new idea. Asphalt thin-film aging to simulate the short and long-term 
oxidative aging that occurs in the field has been extensively studied over the last 70 years; a 
good summary of the literature has been performed by Airey.(15)  
 
Behera et al.(16) recently reported a study on thin film aging as an alternative to standard RTFO 
and PAV aging and some aspects and conclusions of the Behera et al. study are similar to this 
study. Behera et al. concluded a binder of 650 μm film thickness aged in a non-forced draft oven 
kept at 163°C can produce a similar effect of RTFO aging. The time at 163°C varied from 3 to 
4.5 hours depending on the type of asphalt. Also, Behera et al. concluded that 3 – 4 days of oven 
aging at 85°C for normal binders and 4–5 days for modified binders produced long-term aging 
similar to PAV aging. 
 
The USAT, which is the focus of this study, was originally reported on in 2012 by Farrar et al.(1) 
and was developed by adapting and extending previous research on thin film aging, particularly 
the work performed by Glover et al.(14,17) and Petersen(18) and employed 4-mm DSR which, as 
discussed above, makes thin film aging a practical alternative to the RTFOT. 
 
One of the principal goals during development of the USAT was to make the asphalt film as thin 
as possible to reduce diffusion effects. The USAT film thickness of 300 μm’s was arrived at by 
trial and error in trying to prepare a uniform thin film without solvent casting. The amount of 
sample required for rheological and chemical testing was also a limiting factor.  
 
The USAT HMA aging protocols developed in this study are summarized in table 2.  
 

Table 2. USAT HMA binder aging protocol descriptions. 

USAT Protocol Description Equivalent AASHTO aging test 

ST USAT HMA Short term universal simple aging test 50 
min. at 150°C in a forced draft oven 

RTFO (ASTM D2872, AASHTO T240) 

LT USAT PAV Long term universal simple aging test in a 
pressure aging vessel for 8 hours at 100°C. 

RTFO/PAV (ASTM D6521, AASHTO 
R 28) 

LT USAT FDO Long term universal simple aging test in a 
forced draft oven for 40 hours at 100°C.  

~ RTFO/PAV (ASTM D6521, 
AASHTO R28) 

Note: LT USAT PAV or LT USAT FDO samples are initially aged using either the ST USAT HMA or 
WMA protocols.  

 
 
Exploratory infrared spectra collected near the surface and bottom of a 300 μm film after USAT 
short term aging suggested the presence of an oxidative gradient in terms of carbonyl and 
sulfoxide. Even though the film is an order of magnitude thinner than the TFOT film, the 
observed gradient suggests the reaction is diffusion limited, i.e., the rate of carbonyl and 
sulfoxide formation within the film is dependent on the rate of oxygen transport and may affect 
the reaction mechanisms and concentration ratio of the various oxidation products within the 
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film. Molecular structuring at the interface between the film and the USAT plate may also play a 
role in oxygen transport. The diffusion issue becomes even more complex for polymer modified 
asphalt. Aspects of these issues are under investigation at WRI. However, Glover et al., in a 
limited investigation, considered the diffusion in an unmodified asphalt, by aging a series of thin 
films varying from 0.5 to 3.5 mm at different times at 163°C.(14) Glover concluded that film 
thickness did not affect the mechanism of oxidation reaction and that by decreasing the thickness 
of the film it is possible to reduce the diffusion effects and speed up the reaction. 
 
The option of using a forced draft oven for the long term aging rather than a PAV was included 
for laboratories that do not have access to a PAV. It was determined it requires approximately 
40 hours in a forced draft oven at 100°C and 0.74 atm pressure with a 300 µm film to match the 
standard PAV (ASTM 6521) at 20 atm using a film thickness of 3.2 mm. The 40 hours is 
approximate because of the pressure dependency variation among asphalts.(19)  
 
Figure 1 shows the latest USAT prototype for short and long-term thin film aging. There are 
three slots on the plate to allow aging of three separate films. Each slot requires 1.00 g of asphalt 
binder, which produces a film thickness of about 300 μm.  
 
 

 

Figure 1. Illustration. USAT plate dimensions. 
 
 
Preparing USAT asphalt thin films for oxidative aging involves bringing a hot plate to 
approximately 120°C in a nitrogen saturated glove box or tent and then placing the SAT plate 
(with asphalt) onto the hot plate. As the asphalt temperature approaches 120°C it spreads out to 
roughly two-thirds of the slot surface. A small spatula is used to spread the asphalt to the 
remaining unwetted surface as shown in figure 2. After spreading, the asphalt is allowed to 
remain at temperature for several minutes to level and evenly spread out. The plate is then 
removed from the hot plate and allowed to return to room temperature under nitrogen.  
 
The extent of oxidation that would typically occur during preparation of the USAT thin films in 
the absence of a nitrogen saturated glove box or tent was not explored.  With further research on 
this issue it might turn out that the nitrogen glove box is not critical, or a simpler alternative 
method can be developed to prepare the USAT plates without oxidation occurring. 
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Figure 2. Illustration. Spreading asphalt to unwetted surfaces using a small spatula. 
 
 
During development of the USAT a small hole was drilled into the side of the plate to allow 
insertion of a thermocouple probe to monitor the temperature in the forced draft oven. A 
preheated block of aluminum is below the USAT plate to rapidly bring the USAT plate to 
temperature. Figure 3 shows the temperature probe output from the USAT plate, performed for 
50 minutes at an oven temperature of 150°C. The temperature of the USAT plate increases 
rapidly from room temperature to about 140°C and then gradually increases to 146°C after 
50 minutes. In addition to rapidly bringing the asphalt to temperature, the aluminum blocks 
should also help eliminate differences in the heating efficiency and air circulation between 
forced draft ovens. 
 
 

 

Figure 3. Graph with illustration inset. USAT short-term aging temperature profile. 
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The USAT short and long-term aging scheme is illustrated in figure 4. The plate dimensions 
were selected so the plate can be inserted into a standard pressure aging vessel tray. 
 
 

 
 

Figure 4. Illustration. USAT short and long-term oxidative aging scheme. 
 
 
Infrared spectroscopy was used to establish initial estimates of the time and temperature required 
to simulate the RTFO and RTFO/PAV extent of aging. The initial estimates were then verified 
with rheology. For example, figure 5 compares the USAT, RTFO, and RTFO/PAV infrared 
spectra for the MB asphalt using the protocols listed in table 2. Figure 6 shows the corresponding 
rheology in terms of the complex shear modulus G*(ω). The spectra are remarkable close. 
Figure 7 compares the percent change in carbonyl and sulfoxide absorption for four of the seven 
asphalt binders studied during development of the USAT. All four binders are unmodified. The 
carbonyl net absorbance was measured at 1693 cm-1. Similarly, the sulfoxide net absorbance was 
measured at 1020 cm-1 .  
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Figure 5. Graph. Infrared Spectra MB asphalt. Aging followed the protocols in table 2. 
 
 
 

 
Figure 6. Graph. Complex shear modulus MB asphalt. Aging followed the protocols in table 2. 
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Figure 7. Chart. (a) Percent increase in carbonyl absorbance - unaged to RTFO and unaged to ST 
USAT HMA. (b) Percent increase in sulfoxide absorbance - unaged to RTFO and unaged to ST 
USAT HMA. (c) Percent increase in carbonyl absorbance - RTFO to RTFO/PAV, RTFO to LT 

PAV, and RTFO to LT FDO. 
 
 
The USAT aging times and temperatures developed initially from the IR data and then confirmed 
with rheological data are summarized in table 2. The next section discusses the confirmation of 
the table 2 using rheology. 
 
Continuous Grade and Rheological Comparison (USAT vs. RTFO and RTFO/PAV) in the 
Linear Viscoelastic Region 
 
The continuous grade of the RTFO, RTFO/PAV, and USAT aged binders listed in table 1 (with 
the exception of the BS binder) are shown in table 3. For both the short and long-term aging, 
good agreement was found between USAT aging (table 2 aging protocols) and RTFO and 
RTFO/PAV aging. This finding is based on four unmodified asphalt binders (MB, MN1-3, 
MN1-4, MN1-5) and two styrene butadiene styrene (SBS) polymer modified asphalts (YNP and 
WCD).  
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Table 3. Summary of continuous grading: RTFO, RTFO/PAV, and USAT aged binders. 

Asphalt Binder Aging Method 
Continuous Grade Temperature 

Low Intermediate High 

MB 

RTFO   59.3 
ST USAT HMA   58.9 
RTFO/PAV -34.0 13.2  
ST USAT HMA LT PAV -35.0 12.3  
ST USAT HMA LT FDO -34.0 13.6  

MN1-3 

RTFO   60.5 
ST USAT HMA   61.8 
RTFO/PAV -29.8 18.0  
ST USAT HMA LT PAV -30.0 16.8  
ST USAT HMA LT FDO -30.0 18.1  

MN1-4 

RTFO   61.7 
ST USAT HMA   62.0 
RTFO/PAV -32.0 10.9  
ST USAT HMA LT PAV -33.0 12.1  
ST USAT HMA LT FDO -33.4 11.4  

MN1-5 

RTFO   58.5 
ST USAT HMA   59.2 
RTFO/PAV -32.0 14.7  
ST USAT HMA LT PAV -31.9 16.9  
ST USAT HMA LT FDO -30.6 16.8  

YNP 

RTFO   60.3 
ST USAT HMA   59.4 
RTFO/PAV -37.0 14.2  
ST USAT HMA LT PAV -37.0 14.0  

WCD 

RTFO   70.5 
ST USAT HMA   70.6 
RTFO/PAV -31.1 14.6  
ST USAT HMA LT PAV -32.0 17.2  

 
 
Comparisons of the low (m-value) and creep stiffness S(t), intermediate (G* sin δ), and high 
temperature (G*/sin δ) grading criteria for the USAT, RTFO and RTFO/PAV are shown in 
figures 8 through 11, respectively. The figures include the ASTM single operator precision limits 
(d2s %). For example, the single operator precision for m-value reported in ASTM D6648-08 is 
4.0%. The single operator precision limits represent tests on duplicate samples by the same 
operator, using the same rheometer, in the same lab. All of the asphalt binders either fall within 
or are close to falling within the single operator precision limits, indicating the USAT and RTFO 
and RTFO/PAV rheology are comparable. 
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Figure 8. Chart. Comparison of low temperature grading criteria (m-value) (-28°C): 
RTFO/PAV vs. USAT. 

 
 

 

Figure 9. Chart. Comparison of low temperature grading criteria (creep stiffness) (-28°C): 
RTFO/PAV vs. USAT. 
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Figure 10. Chart. Comparison of intermediate grading criteria (G* sin δ) (19°C): 

RTFO/PAV vs. USAT. 
 
 

 
Figure 11. Chart. Comparison of high temperature grading criteria (G*/sin δ) (58°C): 

RTFO vs. USAT. 
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Continuous Grade and Rheological Comparison (USAT vs. RTFO and RTFO/PAV) for 
Modified Asphalts in the Non-Linear Viscoelastic Region 
 
Table 4 compares the MSCR non-recoverable creep compliance (Jnr) at 64°C and 58°C and 0.1 
and 3.2 kPa stress levels for the YNP and WCD polymer modified binders, aged using the USAT 
short term HMA aging protocol and RTFO aging. The Jnr results are similar. 
 

Table 4. Nonlinear viscoelastic region: comparison USAT versus RTFO. 
 

Project Asphalt USAT Protocol 
Jnr 58°C (kPa-1) Jnr 64°C (kPa-1) 

0.1 kPa 3.2 kPa 0.1 kPa 3.2 kPa 

YNP 
ST USAT HMA 150°C 2.33 3.42 5.09 7.89 

RTFO 2.17 3.00 4.69 6.81 

WCD 
ST USAT HMA 150°C 0.16 0.15 0.26 0.36 

RTFO 0.17 0.17 0.31 0.44 
 
 
Percent Mass Change 
 
For four of the six asphalt binders discussed above, the percent mass change from RTFO aging 
was determined in accordance with AASHTO T240. The percent mass change during short term 
USAT aging was determined in a similar manner, i.e., the mass change of the asphalt was 
determined as a mass percent of the original material. A mass loss results in a negative number 
and a mass gain in a positive number. A mass loss is generally observed in the RTFOT, but 
occasionally a mass gain can occur.(20) The percent mass change from short term USAT aging 
and RTFO aging are compared in table 5. For two of the asphalts the difference in percent mass 
change is negligible. The other two tests suggest the USAT has a greater mass loss than the 
RTFO but by a relatively small amount. Additional tests are necessary to conclude the USAT is 
statistically different from the RTFO in terms of percent mass change. 
 

Table 5. Percent mass change RTFO and ST USAT HMA. 

Asphalt USAT 
Mass Change (%) 

RTFO 
Mass Change (%) 

Difference 
(RTFO – USAT) 

MB -0.43 -0.49 -0.06 
MN1-3 -0.88 -0.71 0.17 
MN1-4 -0.66 -0.26 0.40 
MN1-5 -0.80 -0.80 0.00 
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DEVELOPMENT OF THE USAT FOR SIMULATING THE SHORT-TERM AGING 
THAT OCCURS IN A “WARM” PLANT  
 
Rheological Differences in Recovered Asphalt Binder: HMA versus WMA  
 
Linear Viscoelastic Region 
 
In a recent study, Bonaquist evaluated the low, intermediate and high continuous grades of 
recovered binders from a number of HMA/WMA projects.(21) Bonaquist found that for the high-
temperature grade of the binder an approximate 28°C reduction in production temperature 
resulted in less than a 1°C decrease in high-temperature grade. Mixes modified with Sasobit 
were excluded in this determination since they tend to stiffen the asphalt at high in-service 
temperatures. Bonaquist also reported that an approximate 28°C reduction in production 
temperature resulted in an average improvement in the low temperature grade of the binder of 
1.5°C.  
 
To supplement Bonaquist’s findings the continuous grades for the recovered binders from the 
YNP, WCD, and BS HMA/WMA projects were determined and are shown in table 6. Note the 
continuous low temperature performance grades in table 6 are significantly lower than the 
specified PG low temperature. The reason is because the asphalts have only been short-term aged 
in the hot or warm plant and have not been long-term aged. The designation HMA/WMA simply 
means the project had at least one HMA and one WMA test section. The WMA additives used 
were: 
 

• Advera® - a crystalline hydrated aluminosilicate. It holds about 20% water by mass and 
is added to the mix at the same time and location as the hot asphalt. The hot asphalt and 
aggregate in the drum cause the zeolite to release internal water.  

• Evotherm® - Evotherm 3G was used on the Buffalo South project and Evotherm DAT 
was used on the Manitoba project.  

• Plant Foaming – Plant foaming was performed on the College Drive and the Buffalo 
South projects.  
 

The results indicate that for an SBS modified binder and an approximate 29°C reduction in the 
production temperature results in a slight 0.4°C improvement in continuous high temperature 
grade and a very slight improvement in the low temperature grade of 0.2°C.  
 
These results support Bonaquist’s contention that binder grade changes are not necessary for 
WMA since the average differences in continuous grade are only one to two degrees.(21) It is 
particularly interesting to note the WMA process resulted in an improvement not only in the low 
temperature continuous grade, which was expected, but also in the high temperature continuous 
grade, which was not totally expected. However, such an improvement has been reported by Fort 
in the case of polymer modified asphalt used in WMA.(22) Fort attributed this effect to a lower 
aging of the polymer network, maintaining a stronger integrity under warm mixing conditions as 
opposed to chain scissions occurring during high temperature HMA mixing. 
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Table 6. Summary: continuous grading of recovered asphalt binders. 
 

Project 
Asphalt Process 

Production 
Temperature 

(°C) 

Continuous Grade Temperature 
(°C) 

Low Intermediate High 

YNP 

Specified N/A -28 – 58 

HMA 163 -39.2 12.1 59.2 

Advera 135 -41.0 8.6 61.1 

Difference -28 -1.8 -3.5 1.9 

WCD 

Specified N/A -28 – 70 

HMA 166 -36.0 14.4 71.0 

Foam 132 -39.0 12.6 71.6 

Difference -34 -3.0 -1.8 0.6 

BS 

Specified N/A -28  64 
HMA 157 -37.5 14.8 69.9 
Evotherm Low Temperature 116 -34.0 14.7 69.5 
Evotherm High Temperature 121 -33.0 16.0 69.3 
Avg. Difference (Avg. Evotherm - HMA) -39 4.0 0.5 -0.5 
Foam Low Temperature 135 -37.5 14.3 69.6 
Foam High Temperature 146 -37.5 14.5 69.5 
Avg. Difference (Foam - HMA) -17 0.0 -0.4 -0.4 
Overall Average Difference -29 -0.2 -1.3 0.4 

 
 
Nonlinear Viscoelastic Region 
 
To help evaluate the results presented in table 6, the Multiple Stress Creep Recovery (MSCR) 
test was performed on YNP, WCD and BS recovered polymer modified binders. Table 7 presents 
the MSCR non-recoverable creep compliance (Jnr) at 64°C and 58°C and 0.1 and 3.2 kPa stress 
levels for the YNP and WCD recovered binders. In the case of the YNP and BS binders there is 
slight increase in Jnr at both temperatures and stress levels in terms of the effect of a lower 
production temperature; and in the case of the WCD binder there is a slight decrease in the Jnr at 
both temperatures and stress levels in terms of the effect of a lower production temperature. 
Overall, an average reduction of 29°C in the production temperature results in essentially no 
change in Jnr.  
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Table 7. Jnr recovered asphalt binders. 
 

Project 
Asphalt Process 

Production 
Temperature 

(°C) 

Jnr 58°C (kPa-1) Jnr 64°C (kPa-1) 

0.1 kPa 3.2 kPa 0.1 kPa 3.2 kPa 

YNP 

Specified N/A N/A N/A N/A N/A 
HMA 163 0.88 1.22 2.01 3.09 
Advera 135 0.94 1.31 2.16 3.27 
Difference -28 0.06 0.09 0.15 0.18 

WCD 

Specified N/A N/A N/A N/A N/A 
HMA 166 0.1 0.1 0.16 0.23 
Foam 132 0.07 0.06 0.03 0.12 
Difference -34 -0.03 -0.04 -0.13 -0.11 

BS 

HMA 157 0.62 0.71 1.57 1.95 
Evotherm Low Temperature 116 0.84 0.98 2.04 2.56 
Evotherm High Temperature 121 0.92 1.09 2.23 2.88 
Avg. Difference (Avg. Evotherm - 
HMA) -39 0.26 0.33 0.57 0.77 

Foam Low Temperature 135 0.82 0.94 2.01 2.53 
Foam High Temperature 146 0.84 0.99 2.07 2.53 
Avg. Difference (Avg. Foam - HMA) -17 0.21 0.26 0.47 0.58 

Overall Average Difference -29 0.13 0.16 0.26 0.36 
 
 
 
ESTABLISHING THE USAT TIME AND TEMPERATURE NECESSARY TO 
SIMULATE THE OXIDATIVE AGING THAT OCCURS IN THE “WARM” PLANT 
DURING THE PRODUCTION OF WMA 
 
Table 8 describes the short term USAT aging protocol considered for WMA in this study. The 
approach taken here to establish the USAT short-term aging protocol for WMA is simply to 
compare the differences in rheological properties between HMA and WMA recovered binders 
and find a USAT time and temperature for WMA binders that results in similar differences in 
rheological properties between USAT HMA and WMA aging. 
 

Table 8. USAT WMA binder protocol description. 
 

USAT Protocol Description Equivalent AASHTO Aging Test 

ST USAT WMA 130°C1 Short term universal simple aging test 50 
minutes at 130°C in a forced draft oven None 

    1LT USAT PAV or LT USAT FDO samples are initially aged using either the ST USAT HMA or WMA 
protocols.  
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USAT Linear Viscoelastic Region 
 
Table 9 summarizes the continuous grade temperatures using the proposed ST USAT WMA 
protocol (table 8) and the established ST USAT HMA protocol (table 2) for both SBS modified 
binders (YNP and WCD) as well as two unmodified binders (MN1-3 and MB). For the 
unmodified asphalts, the average differences between the USAT HMA and WMA short term 
aging protocol results are compared to the differences reported by Bonaquist [2011]. For the 
modified asphalts, the differences between the USAT HMA and WMA short term aging protocol 
results are compared to the differences of the recovered binders (table 6). Overall, the average 
differences compare reasonably well.  

 

Table 9. Continuous grading: HMA and WMA ST USAT aged asphalt binders. 
 

Project Asphalt USAT Protocol 
Continuous Grade Temperature (°C) 

Low Intermediate High 

MB 
ST USAT HMA 150°C -37.9 11.3 58.9 
ST USAT WMA 130°C -40.4 9.8 57.1 
Difference -2.5 -1.5 -1.8 

MN1-3 
ST USAT HMA 150°C -36.6 14.5 61.8 
ST USAT WMA 130°C -36.8 12.9 58.5 
Difference -0.2 -1.6 -3.3 

Average difference unmodified binders -1.4 -1.6 -2.6 
Average difference (Bonaquist [2011]) -1.5  -1.0 

YNP 
ST USAT HMA 150°C -41.7 9.1 59.4 
ST USAT WMA 130°C -41.2 9.7 60.5 
Difference 0.5 0.6 1.1 

WCD 
ST USAT HMA 150°C -39 11.9 70.6 
ST USAT WMA 130°C -39.1 11.2 71.6 
Difference -0.1 -0.7 1.0 

Average difference modified binders 0.2 -0.1 1.1 
Average difference modified recovered binders (Table 6) -0.2 -1.3 0.4 

 
 
USAT Nonlinear Viscoelastic Region 
 
Table 10 presents the MSCR Jnr results at 64°C and 58°C and 0.1 and 3.2 kPa stress levels for the 
YNP and WCD binders aged using the ST USAT WMA and HMA protocols. The average 
differences between the USAT and recovered binders are compared. As with the continuous 
grade temperatures, the differences compare favorably although the average Jnr differences of the 
recovered binders tends somewhat higher than the USAT aged binders. 
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Table 10. Jnr HMA WMA ST USAT aged asphalt binders. 
 

Project 
Asphalt USAT Protocol 

Jnr 58°C (kPa-1) Jnr 64°C (kPa-1) 

0.1 kPa 3.2 kPa 0.1 kPa 3.2 kPa 

YNP 
ST USAT HMA 150°C 2.33 3.42 5.09 7.89 
ST USAT WMA 130°C 1.79 2.55 3.96 6.06 
Difference -0.54 -0.87 -1.13 -1.83 

WCD 
ST USAT HMA 150°C 0.16 0.15 0.26 0.36 
ST USAT WMA 130°C 0.17 0.16 0.28 0.42 
Difference 0.01 0.01 0.02 0.06 

Average difference -0.27 -0.43 -0.56 -0.89 
   Average difference recovered binders (table 7) 0.13 0.16 0.26 0.36 
 
 
CONCLUSION 
 
The USAT short and long term aging protocols for HMA when applied to polymer modified 
asphalt compare favorably to RTFO and RTFO/PAV aging of the same asphalts. This conclusion 
is based on evaluation of the rheology in both the linear and nonlinear viscoelastic regions.  
 
In terms of applying the USAT for WMA, the differences in linear and nonlinear viscoelastic 
properties between the short term USAT WMA and HMA aging and the differences in recovered 
binder for the same asphalts are similar, which indicates the USAT short term aging protocol for 
WMA is a propitious method. To the authors’ knowledge, this is the only method currently 
available for WMA short term aging in the laboratory.  
 
USAT aging protocols developed in this study: 
 

• The USAT hot mix aging protocol to simulate the extent of oxidation that occurs during 
the RTFO test is 50 min. at 150°C in a forced draft oven … 35 minutes less than required 
by the standard RTFO test method.  

• The USAT warm mix aging protocol to simulate the change in the asphalt binder 
rheological properties from an approximate reduction of 50°F (28°C) in production 
temperature is 50 min. at 130°C in a forced draft oven. 

• The USAT long term aging protocol using the PAV is 8 hours (100°C, 300 psi) … 12 
hours less than the standard PAV test.  

 
A draft USAT method in AASHTO format is provided in the Appendix. 
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APPENDIX 
 
 

Standard Method of Test for 

The Universal Simple Aging Test (USAT): Simulating 
Asphalt Binder Short- and Long-Term Hot and Warm 
Mix Oxidative Aging in the Laboratory  

AASHTO Designation: T XXX-13 
 
1. SCOPE 
 
1.1. This test method is intended to simulate in the lab the short-term oxidative aging 

that occurs during construction in the hot or warm plant and the long-term 
oxidative aging that occurs in-service. The recovered residue can be used for 
further testing as required using test methods such as those specified in T 315.  

 
1.2. The values stated in SI units are to be regarded as the standard. The values given 

in parentheses are for information only. 
 
1.3. This standard may involve hazardous materials, operations, and equipment. This 

standard does not purport to address all of the safety concerns associated with its 
use. It is the responsibility of the user of this procedure to establish appropriate 
safety and health practices and to determine the applicability of regulatory 
limitations prior to use. 

 
2. REFERENCED DOCUMENTS 
 
2.1. AASHTO Standards: 

 T 240 Effect of Heat and Air on a Moving Film of Asphalt (Rolling Thin-Film 
Oven Test) 

 R 28, Accelerated Aging of Asphalt Binder 
 M 320 Specification for Performance-Graded Asphalt Binder 
 T315 Test for Determining the Rheological Properties of Asphalt Binder Using a 

Dynamic Shear Rheometer (DSR) 
 
2.2. ASTM Standards 

 D8 Terminology Relating to Materials for Roads and Pavements 
 D2872 Test Method for Effect of Heat and Air on a Moving Film of Asphalt 

(Rolling Thin-Film Oven Test) 
 D4753 Guide for Evaluating, Selecting, and Specifying Balances and Standard 

Masses for Use in Soil, Rock, and Construction Materials Testing 
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 D6373 Specification for Performance Graded Asphalt Binder 
 D6521 - 13 Accelerated Aging of Asphalt Binder Using a Pressurized Aging 

Vessel (PAV) 
 
3. SUMMARY OF TEST METHOD 
 
3.1. A thin-film (300 µm) of asphalt binder prepared on a USAT plate is heated in a 

forced draft oven for 50 minutes at 150°C to simulate the short-term aging that 
occurs during hot mix asphalt (HMA) production; or 50 minutes at 130°C to 
simulate the short-term aging that occurs during warm mix asphalt (WMA) 
production.  

 
3.2. The short-term aged binder can then be long-term aged to simulate in-service 

conditions by placing the USAT plate in a vessel pressurized with air to 2.10 MPa 
for 8 hours at 100°C.  

 
3.3. The change in sample mass during short or long-term aging is recorded.  
 
3.4.  Precision values for this test method have not been developed. 
 
3.5.  The USAT aging scheme is illustrated in Figure 1. 
 

 

Figure 1―USAT Aging Scheme. 
 
 
4. SIGNIFICANCE AND USE 
 
4.1. This test method indicates the approximate change in properties of asphalt during 

conventional hot- mixing at about 302°F (150°C) or warm-mixing at about a 20°C 
below the hot-mixing temperature. It yields an oxidatively aged asphalt which 
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approximates the asphalt condition as incorporated in the pavement. If the mixing 
temperature in the field differs appreciably from these temperatures there will be 
more or less effect on the properties of the oxidatively aged asphalt. The USAT 
HMA short-term aging method provides similar results to the rolling thin-film 
oven test (AASHTO T240) [Farrar et al 2012; Farrar et al 2014]. 

 
4.2. An optional method is provided to simulate the long-term oxidative aging that 

occurs in asphalt binders during pavement service. Residue from this conditioning 
practice may be used to estimate the physical or chemical properties of asphalt 
binders after several years of in-service aging. The USAT long-term aging 
method provides similar results to AASHTO R28 test which uses pans with 
asphalt 3.2 mm thick [Farrar et al 2012; Farrar et al 2014]. 

 
4.3. Binders conditioned using this practice are normally used to determine 

specification properties in accordance with AASHTO M 320. 
 
4.4. For asphalt binders of different grades or from different sources, there is no 

unique correlation between the time and temperature in this conditioning practice 
and in-service pavement age and temperature. This also applies to standard PAV 
aging. Neither test can reliably predict the properties or the relative rankings of 
the properties of asphalt binders after a specific set of in-service exposure 
conditions. 

 
5. APPARATUS 
 
5.1. USAT Plate—Figure 2 illustrates the USAT plate used for short and long-term 

asphalt oxidative aging. There are three slots on the plate to allow recovery and 
aging of three separate films. The USAT plate is machined from 6.2-mm (0.25-
inch) thick standard 6061 (or 6013) aluminum alloy. 

 

 
Figure 2―USAT Plate Dimensions 

5.2.  Spatulas—Small spatula for spreading the asphalt to unwetted areas of the plate.  
 
5.3. Hotplate—Capable of heating to 150°C. 

Tool Radius

3    1.000@

101.6 mm
19.0 mm

19.0 mm

101.6 mm
111.1 mm

30.5 mm
9.5 mm

mm Deep
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5.4. Glove box or tent—Nitrogen purged glove box or tent for placing and spreading 

the films of asphalt on the USAT plate.  
 
5.5. Forced Draft Oven—Horizontal air flow, mechanical convection oven meeting 

the requirements of ASTM E 145, Type IIA at 130°C ± 1°C and 150Cº ± 1°C. 
The racks should be able to be spaced a minimum of 10 cm from the top and 
bottom of the oven and with a spacing of a minimum of 4 cm between racks with 
samples. The oven racks must be checked for level, with a bubble level of 250 
mm minimum length, from side to side and front to back of the oven. 

 
5.6. Pressure aging vessel and control system— a pressure vessel and control system 

meeting the requirements of AASHTO R28. 
 
5.7. Sample containers—Metal tins with metal cover 40 mm diameter, 15mm height 

for storing the asphalt after aging. 
 
5.8. Glass Desiccator—20-cm (8-inch) inner diameter, with metal rack for storing the 

USAT plates with asphalt after short or long-term oxidative aging. The desiccator 
will be purged with nitrogen to prevent oxidation of the asphalt. 

 
5.9. Aluminum blocks—standard 6061 aluminum alloy (25 mm thick, 150 mm width 

and length) 
 
5.10. Scraping tool—Rigid nylon plastic; the scraping end should be beveled ~20 

degrees to a moderately sharp edge; the width of the scrapping end should be 30 
mm. 

 
5.11. Analytical balance—The balance should have a resolution of 0.001g or better. 
 
6. HAZARDS 
 
6.1. Standard laboratory caution should be used in handling emulsions and preparing 

test specimens. 
 
7. PROCEDURE 
 
7.1.1. Prepare the USAT plate with 300 µm films of asphalt. 
 
7.1.2. Record the weight of the empty plate using digital balance having a resolution of 

0.001 g or better. 
 
7.1.3. After recording the mass of the empty USAT plate tare (or zero) the scale with the 

empty plate on it. Weigh 1.00 g of asphalt onto each slot of the USAT plate. 
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Note 1―When placing the asphalt on the USAT plate the asphalt should remain 
at room temperature.  

 
7.1.4. Place the USAT plate on to a hot plate set at 120°C in a glove box or tent purged 

with nitrogen under a slight positive pressure. 
 

Note 2―The hot plate temperature may have to be increased by about 10 or 
20°C for very stiff neat or polymer modified asphalts.  

 
7.1.5. As the asphalt temperature approaches 120°C it spreads out to roughly two-thirds 

of the slot surface. A small spatula is used to spread the asphalt to the remaining 
unwetted surface as shown in figure 3. After spreading, the asphalt is allowed to 
remain at temperature for several minutes to level and spread evenly. The plate is 
then removed from the hot plate and allowed to return to room temperature under 
nitrogen in the tent or glove box.  

 

 
 
Figure 3―Spreading asphalt to unwetted surfaces using a small spatula. 
 
 
7.1.6. Once the USAT plate and asphalt return to room temperature, remove the plate 

from the nitrogen tent or glove box and place in a glass desiccator filled with 
nitrogen.  

 
7.1.7. Record the mass of the USAT plate with asphalt to 0.001 g ± and place in a forced 

draft oven on top of a preheated aluminum block. To simulate short-term HMA 
aging the oven should be preheated to a temperature of 150°C and the time in the 
oven for short-term aging is 50 minutes. To simulate short-term WMA aging the 
oven should be preheated to a temperature of 130°C and the time in the oven is 
the same as for HMA, 50 minutes. 

 
7.1.8. Remove the USAT plate from the oven and store in a glass desiccator filled with 

nitrogen to allow it to come to room temperature. Once at room temperature, 
record the mass of the USAT plate with asphalt to 0.001 g ±. 

 
7.1.9. If the asphalt is not going to be long-term aged, remove the short-term aged 

asphalt from the plate with a scrapping tool and place in a small metal tin with 
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cover. If there is a delay of several hours or more before testing, store the asphalt 
in a freezer to prevent additional oxidation. 

 
Note 3―OPTIONAL - Prior to scraping, the USAT plate with short-term aged 
asphalt may be placed in a PAV under standard R28 conditions and long-term 
aged to simulate the aging process that occurs on the road over a period of 1 to 3 
years depending on the climate and other environmental factors. Also, since the 
film thickness is 300 µm rather than 3.2 mm as is the case in the standard R28 
method, the time in the PAV is reduced from 20 hours to 8 hours [Farrar et al. 
2012].  

 
7.2. After PAV aging, remove the USAT plate from the PAV and place it in a glass 

desiccator filled with nitrogen and allow it to cool to room temperature. When the 
asphalt is at room temperature, record the mass of the USAT plate with asphalt to 
0.001 g±. After recording the weight the sample may be removed with a scraping 
tool and placed in a small metal tin with cover. If there is a delay of several hours 
or more before testing, store the asphalt in a freezer to prevent additional 
oxidation. 

 
7.2.1. After PAV aging, remove the short-term aged asphalt from the USAT plate and 

place in a small metal tin. Degassing is not necessary since the film of asphalt is 
only 300 µm, rather than 3.2 mm as in standard AASHTO R28 testing.  

 
8. KEY WORDS  
 
8.1. Aging; asphalt binder; Universal Simple Aging Test (USAT), accelerated 

oxidative aging; elevated temperature; in-service aging; pressure aging vessel 
(PAV) 

 
9. REPORT 
 
9.1.  Report the results from the USAT test in terms of the physical changes in the 

asphalt brought about by the method. These values are obtained by performing 
appropriate AASHTO tests such as T 315 on the asphalt before and after USAT 
short and long-term aging. 

 
9.2. Report the average mass change of the material before and after short and long 

term aging as a mass percent of the original material. Report this calculated result 
to the nearest 0.001 %. A mass loss shall be reported as a negative number while a 
mass gain shall be reported as a positive number. 
 
Note 4―This test can result in either a mass loss or a mass gain. During the test, 
volatile components evaporate, causing a decrease in mass, while oxygen reacts 
with the sample, causing an increase in mass. The combined effect determines 
whether the sample has an overall mass gain or an overall mass loss. Samples 
with a very low percentage of volatile components usually will exhibit a mass 
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gain, while samples with a high percentage of volatile components usually will 
exhibit a mass loss. 
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