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[bookmark: _Hlk100207979]Implementation Statement Title:
[bookmark: _Hlk44579674]Investigate the Aging Behavior of Asphalt Binders at Different Production Stages and During the Service Life of the Pavement
Problem Statement:
Asphalt binder aging causes an increase in the mix stiffness and a reduction in the resistance of the mix to cracking and fatigue. Several research efforts have investigated the effect of short-term and long-term aging including the work done by the SHRP Asphalt Research Program, the NCHRP 9-52, the NCHRP 9-54, and other studies. Several factors contribute to binder aging including binder chemistry, use of binder modifiers, use of recycled materials, asphalt production temperatures, use of WMA technology, and asphalt plant design. Other variables that may cause additional aging in the plant include silo storage. Recent research has shown that storing the mix in the silo for a few hours can have a notable effect on the asphalt mix properties. The extraction and recovery of asphalt binders can be used as a tool to determine the asphalt binder properties during production and placement, and to assess the rate of aging in the field. 
The Oklahoma Department of Transportation (ODOT) is conducting research on the benefit of balanced mix design and performance-related testing. In its efforts to move towards a balanced mix design approach, ODOT has identified the need to properly characterize the aging rate of binders and mixes at different stages during production, and in the field to be able to include the effect of aging in the performance-related design process and to verify the properties of the binder during placement. 

Proposed Research:
The proposed research study will investigate the short-term and long-term effect of aging considering different mix types and different production methods. 
[bookmark: _Hlk44505901]



Suggested Tasks:
The work to be performed includes, but is not limited to the following:
1. Collect plant mixes and evaluate the change in rheological properties of the asphalt binder at different asphalt production stages. 
2. Investigate the aging rate of asphalt binders using cores collected from selected pavements. 
3. Assess the differences in the rate of aging between the asphalt mixes considering the variation in the mix constituents, and production methods. 
4. Provide recommendations and guidance on how to account for the effect of aging in the balanced mix design approach.
Benefits:
A proper analysis of the factors that govern the aging process will provide insight into how to account for aging in the design process, and how to select materials and processes that result in less asphalt aging. The recommendations from this project will lead to better pavement design and extended pavement life reducing the need for costly maintenance or rehabilitation work.  
Deliverables:
All projects require the submission of the following reports:
· Monthly Progress Reports
· Multi-Year Projects require a Year-End Annual Report
· Copies of the project Draft Final Report in Microsoft Word and ADA accessible Adobe Acrobat pdf electronic formats 
· Copies of the project Final Report in Microsoft Word and ADA accessible Adobe Acrobat pdf electronic formats
The Year-End Annual Report, Draft Final Report, and Final Report should be submitted to satisfy all federal and state requirements pertaining to the accessibility of documents including but not limited to:
· Oklahoma State Statute 62 § 41.5e and the Americans with Disability Act (ADA) of 1990, 42 USC 12.01 et seq.
The PI must also participate in the following project meetings:

· New project initiation meeting
· Semi-annual project meeting
· Close-out project meeting
· Continuing project meeting



Existing Research Found in Separate attached file:



FFY23 Topic Statement 28 Binder Aging.pdf
Topic Statement 28: Investigate the aging behavior of asphalt binders at different production stages and during
the service life of the pavement

NCHRP Research Report 967 (2021) “Asphalt Binder Aging Methods to Accurately Reflect Mixture Aging”
https://www.trb.org/Main/Blurbs/181836.aspx

Asphalt binders experience aging that occurs in two distinct stages under quite different conditions: (1) short-
term during construction (plant mixing, storage, placement, and compaction) and (2) long-term during the
service life of the pavement. This report documents research conducted to improve laboratory binder
conditioning methods to accurately simulate the short-term and long-term aging of asphalt binders, and to
calibrate the improved procedures to the aging that occur during mixture production, transport, and placement
as well as during the service life of the pavement structure.
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Figure 79. Geographical distribution of LTPP sections used in the long-term conditioning calibration
experiment.

Table 56. Long-term conditioning calibration database location spreadsheet.

State/ LTPP Route Construction Chip Seal Coring Date Time in Time in  Latitude Longitude Elevation,
Prov- [ 0] Date Date Service, Storage, ft
ince yrs yrs
AL 010102  US-280 westbound 03/01/1993 07/21/2005 12.4 14.0 32.63570 -85.20572 680
AR2 050804  US-65 southbound 12/01/1997 03/01/2005 7.3 14.4 34.19870 -91.96281 210
CA 060603  I-5 northbound 05/06/1992 10/20/2005 13.5 13.8 41.35826 -122.35965 3917
IL 170603  I-57 northbound 05/24/1990 04/28/2006 15.9 13.3 39.94639 -88.30302 690
IN 180603 US-31 northbound 06/11/1990 04/30/2003 12.9 16.3 41.18426 -86.24781 866
1A 190108  US-61 southbound 11/01/1992 04/27/2007 14.5 12.3 40.68581 -91.25078 662
ME 230504  1-95 northbound 06/15/1995 08/05/2004 9.1 15.0 45.06010 -68.68832 140
MD 240507  US-15 northbound 03/31/1992 06/03/2005 13.2 14.2 39.30141 -77.52040 379
MN 270504  US-2 westbound 09/15/1990 06/10/2005 14.7 14.2 47.52810 -95.19382 1469
MS 280805  State-315 northbound 01/01/1996 11/13/2007 11.9 1.7 34.44519 —89.87261 276
MO 290507  US-65 northbound 08/17/1998 03/31/2006 7.6 13.3 36.51644 -93.22952 1343
MT 300806  State-273 northbound 06/01/1994 09/01/2003  06/01/2007 9.3 12.2 46.14162 -112.89166 5091
NJ 340507  1-195 westbound 07/20/1992 03/05/2006 13.6 13.4 40.17780 -74.51911 123
NM 350802  1-10 frontage eastbound 11/01/1996 03/31/2006 9.4 13.3 32.19354 -108.29852 4573
NY 360802  State-947A eastbound 08/01/1994 09/27/2007 13.2 11.9 43.35552 -77.92370 253
NC 370802 1245 northbound 12/10/1997 08/25/2006 8.7 12.9 34.80880 -77.66349 70
OK 400603  1-35 southbound 08/08/1992 08/29/2006 14.1 12.9 36.71348 -97.34595 1021
PA 420608  1-80 westbound 09/03/1992 05/06/2005 12.7 14.2 40.98949 -77.81956 1267
SD 460804  State-1804 southbound 06/01/1993 08/01/2007 14.2 12.0 45.92797 -100.40881 1684
TX 480802 2223 eastbound 07/01/1996 06/27/2007 11.0 121 30.77167 -96.40077 386
Wi 550806  State-29 eastbound 11/30/1997 08/12/2005 7.7 14.0 44.88162 -80.31584 1310
ALB 810504  Provincial-16 westbound 09/30/1990 06/16/2006 15.7 13.1 53.58277 -116.03169 2887
MAN 830504  Provincial-1 westbound 09/08/1989 06/01/2004  09/15/2006 14.7 12.9 49.65974 -96.29205 956
CA2 06A806 Sycamore St. northbound 09/01/1999 06/05/2007 7.8 12.2 37.41774 -120.76171 120

TX2 48A504  US-175 southbound 10/16/1981 08/21/2007 15.9 12.0 32.61340 -96.40476 455




https://www.trb.org/Main/Blurbs/181836.aspx



Wisconsin DOT and NCAT (2018) “Asphalt Binder Extraction Protocol for Determining Amount & PG
Characteristics of Binders Recovered from Asphalt Mixtures”
https://wisconsindot.gov/documents2/research/0092-16-02-final-report.pdf

This research project evaluated test procedures to quantify the amount of binder in asphalt mixtures. Although
there are different well established AASHTO procedures to determine the asphalt content of an asphalt mix, the
accuracy of these test procedures may be sensitive to local materials. In addition, as the use of high recycled
binder content mixes increases, there is a need to evaluate the within-lab and between-lab variability. A second
goal for this project was to evaluate the variability of the PG properties of the extracted binder after recovery.
The experimental plan included the evaluation of AASHTO T164 Methods A (centrifuge extraction) and
method B (reflux extraction), asphalt analyzer and AASHTO T 308-ignition test. To accomplish this, several
laboratories from Wisconsin along with the NCAT lab participated in the study. A total of eight mixes that
included virgin mixes and mixes with various contents of recycled binder were evaluated to quantify the
variability in the determination of their asphalt content. Two sources of RAP and one RAS were also evaluated.
Within-lab and between-lab variability for each test procedure were developed for Wisconsin materials and
compared to the current AASHTO standards. Recommendations were provided to revise and adjust current
WisDOT JMF tolerance for asphalt content specification when these test procedures are used. In addition, PG
characteristics of the recovered asphalt binders were also assessed.

Missouri DOT (2021) “Understanding and Improving Heterogeneous, Modern Recycled Asphalt Mixes”
https://spexternal.modot.mo.gov/sites/cm/CORDT/cmr21-007.pdf

Associated Journal Paper (2021) Quantitative evaluation of asphalt binder extraction from hot mix asphalt
pavement using ashing and centrifuge methods
https://www.sciencedirect.com/science/article/pii/S2666691X21000026#!

Asphalt binder requires more investigation to be accurately and precisely extracted since it is an effective
procedure for quality assurance quality control (QA/QC) and subsequent binder characterization. In this
research, the authors presented a hands-on experience with binder extraction to deliver recommendations
concerning the sensitive steps that may affect the outcomes (extracted binder content, Pbe%). Two mineral
matter determination methods (ashing and centrifuge) were addressed based on the centrifuge extraction
method. Field cores were investigated by comparing the Pbe% to the actual binder content, Pba%. Analysis of
variance (ANOVA) and Tukey Post-Hoc statistical analyses, in addition to linear least square regression
analysis, were used to show the significance of difference according to 38 variant cores randomly obtained from
the field segments (in-service roads) via the first two weeks from their construction dates. Such cores involved
reclaimed asphalt pavement (RAP), reclaimed asphalt shingles (RAS), and a wide range of additives. The two
extraction methods were compared, concluding that the centrifuge method was highly recommended based on a
quantitative evaluation, which delivered the same average Pba% based on the 38 cores. Furthermore, the
centrifuge method provided much saving in the experimental time (almost half the time required for the ashing
method). It was found that the ashing outcomes were equal to the centrifuge outcomes when disregarding the
ammonium carbonate addition. Thus, it could be recommended to reassess the ammonium carbonate addition as
it might excessively compensate for minerals that have not been lost by the ignition oven.

A comprehensive research investigation was carried out to investigate the use of recycled materials in
Superpave asphalt mixtures in Missouri. The investigation involved sampling of aggregates, binders, plant-
produced mixtures, and field cores followed by a rigorous lab testing program. Lab testing included an
extensive binder extraction and recovery (E & R) experiments, followed by a comprehensive suite of advanced
binder tests. An attempt was made to shed light on effective strategies to iterate existing mix designs into more
‘balanced mix designs’ for modern, heterogeneous recycled mixtures in the Midwest. Different strategies were
employed, such as the use of a softer virgin binder, the addition of a rejuvenator, and the employment of 5% to
20% of dryprocess, engineered crumb rubber by weight of total binder. These mixes were subjected to a suite of
cracking and rutting mixture performance tests to establish baseline performance, followed by four additional
mix design iterations per mix (for a total of 10 investigated mixtures). The DC(T), I-FIT, IDEAL-CT, and
Hamburg wheel tracking tests were used in the performance testing suite. Based on the results of the study, it
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was found that RAP, and particularly RAS, drive the need for the use of softer virgin binders to be used in
modern, recycled asphalt mixtures in Missouri. Recommendations are provided with respect to the selection of
softer virgin binder grades based on recycled material type and amount. Recommendations for balancing mixes
with the use of rejuvenators and ground tire rubber are also provided.

Nebraska DOT (RiP 2021) Nebraska Balanced Mix Design — Phase |

https://trid.trb.org/view/1846305

Typically, asphalt mixtures are designed under the Superpave system, in which the proportioning of the
aggregates and asphalt binder is based on the aggregate quality characteristics and mixture volumetric
properties such as air voids, voids in the mineral aggregate (VMA), and voids filled with asphalt (VFA). The
estimation of the volumetric properties significantly depends on the accuracy of the estimated specific gravity
of the mixture components, however, there are some serious concerns regarding the accuracy and variability of
aggregate bulk specific gravity testing and the selection of suitable amount of asphalt in the mixture design.
Mixtures designed with high amount of asphalt can be susceptible to rutting, while those with low asphalt
content are prone to cracking, raveling, or other durability related pavement distresses. It should be pointed out
that with the incorporation of reclaimed asphalt pavement (RAP) and recycled asphalt shingles (RAS), the latter
concerns are intensified. Moreover, the effects of binders in these recycled materials are not completely clear in
volumetric properties. For instance, the interaction of the recycled binders with the virgin binders, that affects
the field performance, is unclear. On the other hand, the effects of warm-mix asphalt (WMA) additives,
polymers, recycling agents (i.e., either rejuvenators or softening agents), antioxidants, and fibers cannot be
evaluated in the conventional volumetric mix design method. One of the largest shortcomings of current design
procedures is the lack of long-term materials aging protocol. Therefore, performance tests should be included as
part of the mixture design procedure to ensure the desirable field pavement performance. Many performance
tests have been proposed for the evaluation of the rutting resistance (e.g., Hamburg Wheel Track Tester,
Gyratory Stability, IDEAL Rutting Test, and High-Temp Indirect Tensile Test), cracking resistance (e.g., Semi-
circular Bending Test and IDELA Cracking Test, and moisture susceptibility (e.g., Indirect Tensile Strength,
Hamburg Wheel Track Tester) of the asphalt mixtures. In Balanced Mix Design (BMD), two or more
mechanical tests are coupled to quantify the mixture resistance against different forms of distress. In Texas,
where the BMD concept originated, Hamburg Wheel Tracker Test (HWTT) and overlay test (OT) are employed
to estimate the resistance to rutting and cracking, respectively. In Louisiana, HWTT and semi-circular bend
(SCB) test (J-integral) are applied to assess rutting and cracking potential of mixtures, respectively. The Illinois
approach is similar but uses a simpler SCB test that yields a parameter called Flexibility Index to assess
cracking resistance. The Nebraska DOT conducted a research project (SPR-1(18) M070) to examine the
feasibility of the BMD approach and develop a potential BMD method for Nebraska pavements. The results of
this research indicate that the Gyratory Stability and the SCB tests for the evaluation of rutting and fatigue
cracking potential of mixtures are applicable especially regarding the inexpensive equipment used to conduct all
the necessary tests. Despite these efforts, there are still some gaps in the knowledge needed for future
development of a detailed and comprehensive standard practice. Some of the gaps include: 1) applicability of
the tests to quality assurance and control (QA/QC) testing, 2) suitability of the tests to assess the effects of non-
traditional materials such as recycling agents and antioxidants on the mixtures performance, 3) relationship of
test results to pavement performance, and 4) conditioning protocols for aging and moisture.

Oregon DOT (2020) “Development of a Balanced Mix Design Method in Oregon”
https://rosap.ntl.bts.gov/view/dot/54885

According to recent surveys conducted with state Department of Transportations (DOTSs) and asphalt
contractors, commonly used asphalt mixture properties are not directly reflecting the longterm performance of
asphalt mixtures. In addition, there are several new additives, polymers, rubbers, and high-quality binder types
incorporated into asphalt mixtures today. Volumetric mixture design methods are not capable of capturing the
benefits of using all these new technologies on asphalt mixture performance. Furthermore, the interaction of
virgin binders with reclaimed asphalt pavement (RAP) mixtures with high binder replacement contents and the
level of RAP binder blending into the asphalt mixture are still not well understood. Due to all these
complications related to the more complex structure of today’s asphalt mixtures, simple volumetric evaluations
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to determine the optimum binder content may not result in reliable asphalt mixture designs. Two volumetrically
identical mixtures may provide completely different rutting and cracking performance according to laboratory
tests. For all these reasons, in this study, a procedure to incorporate performance tests for rutting and cracking
(with a new long-term aging protocol developed in this study) into current asphalt mixture design methods was
developed to be able to validate or revise the optimum binder content determined by the volumetric mix design
method. Developed balanced mix design method is expected to improve the long-term performance of asphalt-
surfaced pavements in Oregon.

RNS TRB (2017) Asphalt Binder Aging

None, except for evaluation of surface treatments:
https://rns.trb.org/search/search.aspx?f1=k%3A%3AKeywords+%28Title%2C+Description%2C+or+Index+Ter
mMs%29&ddIType=RNS&orgType=S&status=&date params=&lower date=1900&upper_date=2099&sb=&s0=
a%3A%3AAscending&sc=xx%3A%3AAll+Categories&tl=asphalt+extraction+aging

NCHRP TRB 2021 (Active) Binder Quality - Addressing Impacts of Changes in Asphalt Binder Formulation
and Manufacture on Pavement Performance through Changes in Asphalt Binder Specifications
https://apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectlD=4036

Since the implementation of the Performance-Graded (PG) Asphalt Binder specification developed by the
Strategic Highway Research Program (SHRP), the formulation and manufacture of asphalt binders used in
pavements has changed considerably. Increased global demand for fuels and other petroleum-based products
has led to the development of refining techniques that allow the extraction of increased amounts of higher value
light products with lower sulfur contents from crude oil. A wider, more variable range of crude oil sources are
being used to produce asphalt binders than was the case when the PG system was first developed. Additionally,
materials such as polymers, polyphosphoric acid, re-refined engine oil bottoms (REOB), paraffinic base oils,
rendered oils, bio binders, and ground tire rubber are increasingly being used to formulate and manufacture
asphalt binders. Increased use of higher percentages of reclaimed asphalt pavement (RAP) and reclaimed
asphalt shingles (RAS) is also driving the use of softer asphalt binder grades, which are often produced by
adding various products to stiff binders. Although today’s asphalt binders typically continue to meet the
requirements of the PG specification, highway agencies in the United States and Canada are increasingly
experiencing premature failures of newly constructed pavements despite general compliance with existing
pavement and mix design standards, construction methods, and materials specifications. These failures include
distress typified by low- and intermediate-temperature cracking and raveling, aggregate loss, and instances of
total surface course loss within 5 years. Concern is often expressed over embrittlement and a lack of adhesion
and tackiness of the asphalt binders. Based upon changes in asphalt binder formulation and manufacture,
current asphalt binder specifications, tests, and practices merit a comprehensive review to assure their effective
contribution to satisfactory pavement performance. Research is needed to assess the existing PG binder
specification, address the implications of these changes in formulation and manufacture on binder performance,
provide tools to measure the performance-related characteristics of asphalt binders, and develop an updated
specification that addresses current and future asphalt binders. The objective of this research is to propose
changes to the current performance-graded asphalt binder specifications, tests, and practices to remedy gaps and
shortcomings related to the premature loss of asphalt pavement durability in the form of cracking and raveling.
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