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2:00-5:00 pm
 Leading Edge Workshop “Sustainable Technologies for Flexible Pavements” – Ramon Bonaquist, Moderator Andrew Hanz  

Laboratory and Field Evaluation of Sustainable Photocatalytic Asphalt Pavements
Marwa Hassan, Louay N. Mohammad, Heather Dylla, Somayeh Asadi, and Sam Cooper III 
Abstract
Titanium Dioxide (TiO2) photocatalytic nanoparticles’ ability to trap and decompose organic and inorganic air pollutants make it a promising technology as a pavement coating to mitigate the harmful effects of vehicle emissions. This technology may revolutionize construction and production practices of hot-mix asphalt by introducing a new class of mixtures with superior environmental performance. The objective of this study was to assess the benefits of incorporating TiO2 in asphalt pavements. To achieve this objective, the photocatalytic effectiveness and durability of a water-based spray coating of TiO2 was evaluated in the laboratory. This study also presents the field performance of the country’s first air-purifying photocatalytic asphalt pavement located on the campus of LSU.  Laboratory evaluation showed TiO2 was effective in removing NOx and SO2 pollutants from the air stream with an efficiency ranging from 31 to 55% for NOx pollutants and 4 to 20% for SO2 pollutants. The maximum NOx and SO2 removal efficiency was achieved at an application rate of 0.05 l/m2. Additionally, the efficiency of NOx reduction is affected by the flow rate of the pollutant, relative humidity, and UV light intensity. Preliminary field measurements show that the measured NO concentrations were significantly reduced right after the application of the TiO2 surface coating on the asphalt pavement. However, further field evaluation is required to determine the durability of the surface coating.

Renewable Fuel Byproducts -- Potential Uses in Asphalt  
Jeffrey C. Trewella, Ramon Bonaquist, Vicente Sanchez
Abstract
The production of renewable liquid transportations fuels is growing rapidly, particularly in the US and Europe.  This paper examines the potential for using byproducts from this rapidly growing manufacturing base in asphalt.  Initial laboratory findings indicate that some of these byproducts may be useful as binder extenders, having minimal impact on the performance grade while imparting added benefits.

Rutting Characterization of Warm Mix Asphalt and High RAP Mixtures 
Adriana Vargas-Nordcbeck, David H. Timm

Abstract

The use of warm mix asphalt (WMA) technology and high contents of reclaimed asphalt pavement (RAP) are two ways of producing sustainable pavement structures. As state agencies become more aware of these technologies and begin to transition from an empirical pavement design method to a mechanistic-empirical (M-E) approach, it has become necessary to further evaluate their structural characteristics. Current models used in the M-E design method were developed based on “conventional” materials that did not include WMA and high RAP mixtures. Therefore, it is important to understand how these mixes respond to traffic loads and how those responses affect pavement performance. The objectives of this study were to perform a rutting characterization of WMA and high RAP mixes and to determine the effects of production temperature and material type on permanent deformation. This study was based on data from the National Center for Asphalt Technology (NCAT) Test Track Phase IV research cycle. A total of three WMA sections were placed including a foam-based section, an additive-based section and a section containing 50% RAP. Additionally, a control HMA section and a control HMA section with 50% RAP were also placed. All sections had a design asphalt thickness of 7 inches over six inches of aggregate base and a stiff subgrade underneath. All pavement sections were embedded with a gauge array that featured two earth pressure cells to measure vertical pressure in the center of the outside wheelpath at the top of the granular base and at the top of the subgrade. Four temperature probes were installed in each section to measure temperature at the top, middle and bottom of the asphalt concrete (AC) layer and three inches into the underlying aggregate base layer. During trafficking operations, falling weight deflectometer (FWD) testing was performed at three predetermined random locations per section three times per month to quantify the seasonal behavior of the pavement layer moduli. Vertical pressure measurements were obtained approximately once per week under live traffic loads and under different environmental conditions. Field rut depth measurements were taken periodically and sections were also inspected for cracking to evaluate field performance. Plant produced mixes were used to conduct Asphalt Pavement Analyzer (APA) and flow number tests on laboratory compacted samples. Recovered binders were tested for performance grade by means of the dynamic shear rheometer (DSR). The results indicated that high RAP mixes had higher moduli and experienced lower vertical pressures than virgin mixes. Field rutting was significantly affected by material type and production temperature. The use of WMA technologies tended to increase permanent deformation while addition of high RAP contents resulted in less rutting. However, all sections performed very well after nearly 8 million equivalent single axle loads with rut depths under 10 mm. Laboratory tests on recovered binders were well-correlated to field rutting and showed increased binder stiffness for high RAP mixes and no significant effect for virgin WMA mixes. Mixture tests of laboratory compacted samples did not reflect the observed field performance accurately.


Evaluation of Laboratory Coating and Compaction Procedures for Cold Mix Asphalt  
Daniel Swiertz, Petrina Johannes, Laith Tashman, and Hussain Bahia  
	
Abstract 
Efforts within the construction community to conserve energy and reduce  emissions in asphalt paving applications has led to an increase in the  popularity and usage of sustainable pavement design practices, including Cold  Mix Asphalt (CMA). Cold Mix Asphalt allows pavers to reduce total energy usage and emissions by consuming less energy in key components of the mix production process by allowing materials to be produced and mixed at ambient  temperatures. Despite the apparent energy and emissions benefits of CMA use,  it remains a limited niche material in most areas of the United States because  of comparatively high emulsified asphalt costs, lack of knowledge in CMA  mix design, and most importantly, unknown criteria for volumetric and  performance characteristics of the constructed CMA pavements. 
This paper presents a review of the current CMA mix design procedures and challenges associated with its usage, and offers insight into the initial phases  of developing a more comprehensive laboratory mix design method. Emphasis  for the laboratory testing in this study is on aggregate coating and determining appropriate compaction conditions for dense graded CMA samples using a  modified Superpave Gyratory Compactor (SGC). Aggregate coating was  evaluated using imaging analysis software which provides a more objective  and reliable method than visual observations. Results indicate that aggregate  coating is dependent on the selected emulsion content, laboratory mixing time  and mixing condition, aggregate gradation, and to a lesser extent, pre-mix  aggregate moisture. Volumetric analyses of compacted samples suggest a high dependence on compaction pressure and sample curing time.


5:30-7:00PM  Ice Breaker Reception - including Poster Session

Monday, April 2, 2012
7:00-8:30 am  New Member Breakfast - including Poster Session
	8:30-10:00 am
Welcoming Address:  		Harold Mullen – TxAPA
				John Barton - TxDOT
Keynote Address:  		TBD
AAPT Business Meeting – Part II
		Membership Drive – Bob McGennis 
		Strategic Plan Discussion	
		 
10:15am-11:30am Session I  Rutting – Rebecca McDaniel, Moderator Jo Daniel 
Internal Structure Characterization of Asphalt Mixtures for  Rutting Performance Using Imaging Analysis 
Nima Roohi Sefidmazgi, Laith Tashman, and Hussain U. Bahia  
Abstract  

Characterization of the asphalt concrete microstructure using two  dimensional (2-D) imaging techniques is an economically efficient approach. However, the features that have been captured and quantified using 2-D  imaging in most published research have been limited to simplistic analyses of  aggregate structure. The present research focused on introducing a more  elaborate method of characterization of internal structure, and proposing new indices to relate to and explain rutting resistance performance of asphalt  mixtures.  
The aggregate internal structure provides the skeleton of the asphalt  concrete, which plays an important role in rutting resistance. It is shown that this structure can be captured using a combination of image analysis indices  developed in this research, namely: number of aggregate-on-aggregate contact  points, contact length/area, and contact plane orientation. These parameters are  defined for both the total aggregates and for the effective load bearing  aggregate structure, referred to as “skeleton” in this study. A software  developed in a previous study and significantly modified for this paper, is used  to process digital images of a set of asphalt mixtures with different gradations,  binder contents, types of modification, and compaction efforts. The results  demonstrate a correlation between the internal structure indices and the  mixture rutting performance. Additionally, the indices were successfully used  to capture the effect of compaction effort, gradation quality, and binder  modification on the mixture internal structure.

Characterizing Viscoelastic Properties of Asphalt Mixtures Utilizing
Loaded Wheel Tester (LWT) 
Hao Wu, Baoshan Huang and Xiang Shu
Abstract
The performance of asphalt mixture is governed by its viscoelastic properties, especially those in tension mode. However, due to the difficulties in performing test in direct tension mode, the test methods commonly used are in either compression or indirect tension (diametrical compression) mode. Previous studies show that loading mode has a significant effect on the viscoelastic properties of asphalt mixtures, especially at high temperatures. To develop a testing method to effectively and efficiently characterize the tensile
properties of asphalt mixtures is of great importance. In this study, a flexural tension test was proposed to utilize loaded wheel tester (LWT) to characterize the viscoelastic properties of asphalt mixtures. In this test, beam specimens were subjected to constant or cyclic loads provided by moving wheels of LWT. With transducers mounted on the beam, flexural bend deformations are measured. In addition to the LWT test, uniaxial tests in tension mode, tension-compression mode, and compression mode as well as indirect tension creep test were conducted on the same asphalt mixtures for comparison and validation. The results showed that the LWT test was able to characterize the viscoelastic properties of asphalt mixtures made with different aggregates and asphalt binders. The results from the LWT tests were found to be in general accordance with those from other tests. Compared to unaxial and indirect tension tests, the LWT test could better represent the stress state in pavements and thus was more suitable for characterizing the viscoelastic properties of
asphalt mixtures.


11:30 am-1:00 pm Authors Lunch – all authors/presenters including Symposium and Intl Forum presenters

1:00-2:15 pm Session II Layer Bond - Brian Prowell, Moderator Chris Abadie
Effects of Interface Condition Characteristics on Open-Graded Friction Course Top-Down Cracking Performance 
Yu Chen, Gabriele Tebaldi, Reynaldo Roque, and George Lopp

Abstract
Top-down cracking is a distress mode that is of particular concern for pavement with Open-Graded Friction Course (OGFC) because open-graded mixture has considerably lower resistance to fracture (lower fracture energy limit and lower resistance to damage) than dense-graded mixture. This particular cracking phenomenon initiates on the pavement surface and propagates downward; so because the OGFC layer is thin, cracking performance relies on the properties and characteristics of three components near the pavement surface: OGFC, underlying structural layer, and the interface
between. For this reason, to increase the durability of pavements surfaced with OGFC, it is significant to ensure a quality fracture resistant bond between OGFC and the structural layer. This research investigated top-down cracking
performance of OGFC with different tack coats using a newly developed composite specimen interface cracking (CSIC) test. In addition, X-ray computed tomography (CT) was employed to analyze the interface characteristics between OGFC and dense-graded HMA. HMA fracture mechanics was employed to quantify the effect of polymer modified asphalt
emulsion (PMAE) on pavement top-down cracking resistance enhancement. Results clearly indicated that PMAE created bonded interface conditions greatly increased pavement top-down cracking resistance as compared with conventional tack coat.


Development of Fracture Energy Based Interface Bond Test for Asphalt Concrete 
Salman Hakimzadeh, William G. Buttlar, Sarfraz Ahmed, Marvin Exline, Nathan Abay Kebede
Abstract
The behavior of the interface between adjacent pavement layers is one of the most important factors affecting pavement performance. Poor bonding between pavement layers can lead to a number of pavement distresses such as slippage cracking, top-down cracking, premature fatigue, compaction difficulties, and even complete delamination. Despite the importance of interface behavior between different pavement layers, there are few guidelines that can be used for construction, and the selection of tack coat type, application rate, and placement is usually based on empirical judgment. With the increased usage of HMA overlays for pavement rehabilitation, interface bonding research is now receiving considerable attention.  The objective of this paper is: (a) to present a new fracture energy based Interface Bond Test (IBT) which appears to be a practical method to evaluate the bond between adjacent pavement layers, and; (b) to evaluate the new test in the context of laboratory and field samples produced with different interface treatments.  The results of the laboratory and field studies demonstrate the ability of the test to clearly distinguish between samples produced with different tack coat application rates and modified vs. unmodified tack coat material.  Results from the IBT test were also compared to direct tension tests, and similar trends were found to exist.  As compared to results from studies involving shear-type interface tests, the interface tensile bond test and direct tension test results obtained herein suggest that a significantly higher tack coat rate is needed to create a strong adhesive bond between layers at low and intermediate temperatures.


2:30-5:00 pm International Forum – Delmar Salomon
Evolution and Direction of Asphalt Specifications and Research in Latin America

Tuesday, April 3, 2012
7:00-8:30 am Past President’s Breakfast
	
8:30 am -12:00 Noon Session III  Fatigue and Cracking – Hussain Bahia;  Moderator Nathan Morian
Investigation of Size Effect in Asphalt Mixtures at Low  Temperatures  
Eyoab Zegeye, Mugur Turos, Jia-Liang Le, and Mihai  Marasteanu   
Abstract 

The Semi-Circular Bending (SCB) test is one of the tests used to  obtain low temperature fracture properties of asphalt mixtures. The present  work investigates the presence of size effects in SCB fracture testing of asphalt  mixtures. Notch-less and notched geometrically similar SCB specimens, of  various dimension, are tested at -24°C through slow crack mouth opening displacement (CMOD) controlled loading rates. The test results are analyzed through a size effect on the nominal strength of asphalt mixtures in order to  determine the type of size effect. Conclusions are drawn regarding the fracture  behavior of mixture at low temperatures

Analysis of FHWA ALF Fatigue Data a Using Continuum Damage Approach 
Donald W. Christensen, Jr. and Ramon Bonaquist
Abstract
	The purpose of this paper is to present an analysis of the Federal Highway Administration's ALF 1 and ALF 2 fatigue experiments. The approach used involved application of continuum damage principles and layered elastic analysis to calculate reduced loading cycles and damage ratios at the observed point of initial surface cracking. These data were then used in combination with HMA pavement properties to develop statistical equations for predicting loading cycles to initial surface cracking. The approach discussed is potentially useful for improving current HMA design methods, and for the design and analysis of low volume roads where more rigorous testing and analysis may not be appropriate. Another advantage of the proposed method is that it can be used in the analysis of existing data on the fatigue behavior of HMA pavements. Additional research is needed to expand the data set used in this analysis before it can be used for design purposes.


Modeling and Evaluation of the Semi-Circular Bending Test for Intermediate Temperature Cracking of Asphalt Mixtures Mostafa Elseifi, Louay N. Mohammad, Hao Ying, and Samuel Cooper III
Abstract

The semi circular bend (SCB) test configuration has been favored by many researchers due to the ease of sample preparation including cores removed from the field and the quick and simple testing procedure. It offers the potential of assessing the cracking resistance of the mix in the laboratory in the design phase as well as in QA testing activities. The objective of this study is to conduct a comprehensive evaluation of the SCB test and to utilize this test to evaluate a number of asphalt mixtures against cracking failure. Results of the experimental program were used to validate a three-dimensional (3D) finite element (FE) model, which was used to interpret and to analyze the failure mechanisms in the SCB test. Results of the experimental program showed that the SCB test results successfully predicted the fracture performance of the evaluated mixes and was able to differentiate between them in terms of cracking resistance. Mixtures prepared with polymer22 modified binders were the best performers in this test against fracture. Results of the SCB test were in agreement with the DSCE test and identified the mixtures with high RAP content and the one prepared with unmodified binder as possible low cracking performers in the field. The SCB test process as well as the initiation and propagation of damage were successfully simulated using 3D FE and cohesive elements. The presented modeling approach was in good
agreement with measured test results for all mixtures. Based on the results of the FE model, damage initiates in the vicinity of the notch and is mainly caused by a combination of vertical and horizontal stresses in the specimen. The effect of shear was negligible in progressing damage in the specimen.


Predictive Relationships for HMA Fracture Properties Based on Mixture Component Characteristics
Sanghyun Chun, Jian Zou, Reynaldo Roque, and George Lopp
Abstract

This study was mainly focused on identifying appropriate relationships between asphalt mixture component characteristics and asphalt mixture properties known to control cracking performance. The current lack of material property models that can accurately describe the changes in material properties over time in the field condition is probably the greatest deficiency in our ability to accurately predict pavement performance. Therefore, there is a need to evaluate existing material property models, and develop and evaluate improved models for use in the prediction of pavement performance. Relations to predict initial fracture energy and creep rate, which are the properties known to govern  the change in material property over time and are also required for performance model predictions, were developed in this study. Dominant Aggregate Size Range-Interstitial Component (DASR-IC) model parameters, which were introduced to describe the characteristics of gradation and resulting volumetric properties, were used to develop initial property prediction models: DASR porosity, disruption factor (DF), effective film thickness (EFT), and ratio between coarse portion of fine aggregate and fine portion of fine aggregate  (CFA/FFA). In addition, basic forms were identified to predict changes in these properties over time (aging) by including the effect of the non-healable permanent damage related to load and moisture. This can serve as the foundation for further development of complete models to predict mixture properties as a function of age subjected to field conditions based on additional field data and laboratory studies using the more advanced laboratory conditioning procedures. The verified relationships will also serve to provide reliable inputs for prediction of service life using pavement performance prediction models.


Measured and Predicted Performance Impacts from Reduced Design Gyrations 
Nelson Gibson, Xinjun Li
Abstract
This study evaluates the effect of reduced gyration levels on mix design. Laboratory tests captured changes in fatigue resistance and rutting resistance  when design gyrations were decreased using different approaches. Three  variations were studied using four separate mixtures, the standard 75 gyration  design, a reduced 65 gyration design meeting standard volumetrics using  additional binder, and a reduced 65 gyration design standard volumetrics were  met by adjusting the fine aggregate gradation rather than through the addition  of binder.  
The properties of the various mix designs were evaluated using a  suite of laboratory tests including: dynamic modulus, fatigue resistance and rutting resistance. Compactability was assessed using the internal shear  response measured during gyratory compaction. Laboratory tests showed that  reducing gyrations and adjusting the fine aggregate gradation increased the  modulus, and the modulus decreased when binder was increased at lower  gyrations. Flow number tests yielded the same trend as dynamic modulus  where adjusted fine aggregate gradations increased resistance to permanent  deformation, and added binder decreased resistance to permanent deformation  relative to the standard, reference mix design. However, these trends in the  average modulus and permanent deformation responses could not overcome  the inherent variability of the lab tests and the differences were largely  insignificant. The Compaction Force Index computed from the gyratory shear  resistance indicated both types of reduced design gyrations improved the  compatibility relative to the reference mix with higher design gyration.  
Trends in the average fatigue resistance due to the reduced design  gyration level were mixed. The fatigue resistance tended to be higher for lower  gyration level mixes containing added binder. Some mixtures exhibited  improved overall average fatigue performance when the aggregate blend was  adjusted, however the average fatigue resistance of one mixture decreased for  both types of design gyration reduction. The choice of fatigue failure criteria  from the lab tests influenced the rank order of the fatigue resistance for each  mix design variation. 
One of the mixes purported to exhibit poor constructructability  exhibited different patterns in compaction shear resistance as well as erratic  permanent deformations in the flow number repeated load test. This suggests  that problematic mixtures could be screened with these tools though a more  indepth investigation would be necessary.  
Lastly, predicted performance using the variations in the job mix formulas were evaluated in light of the laboratory performance using a beta  version of HMA Quality Related Specifications Software (QRSS). The  analysis found the tool was able to reflect the trends and small differences in  measured dynamic modulus. A large variation in the predicted fatigue performance was observed that was also evident in the laboratory results. Thus, trends in the average fatigue response could only be compared, which  showed the reduced gyration mix with added binder was always slightly better  than the … 
The implication of this study is that lowering design gyrations can be  used to achieve more compactable and more crack resistant mixtures without  significantly jeopardizing rutting resistance appears. However, a general rule  does not apply and laboratory performance tests need to run to evaluate  particulars of the local materials.


1:30-5:00 pm 
Symposium Session "Trends and Challenges in Production and Construction of HMA"- Hussain Bahia/Brian Prowell

Wednesday, April 4, 2012
8:30-12:00 PM Session IV RAP–Rey Roque; Moderator, Stacey Diefenderfer
Effects of Reclaimed Asphalt Pavement Content and Virgin Binder Grade on Properties of Plant Produced Mixtures
Rebecca S. McDaniel, Ayesha Shah, Gerald A. Huber and Audrey Copeland
Abstract
Due to the rise of crude oil prices and the resulting variability in asphalt binder costs, prices for Hot Mix Asphalt (HMA) have dramatically risen.  Highway agencies are interested in increasing the use of reclaimed asphalt pavements (RAP) in HMA mixes in order to save costs, better utilizing the States’ assets, and preserve the environment.  The use of higher RAP contents raise questions about the potential effects on mixture performance, especially at low temperatures.  There are also questions concerning the blending of virgin binder with large amounts of aged RAP binder and which virgin binder grade should be used with high RAP contents.
This paper presents the results of a study to evaluate the mixture properties of plant-produced asphalt mixtures containing up to 40% RAP.  A total of five contractors in Indiana and Michigan designed and produced the mixtures.  The mixtures were then tested to determine their mixture dynamic modulus and low temperature tensile creep compliance and strength.  The mixture dynamic moduli were analyzed to assess changes in the mixture behavior over a range of temperatures (frequencies) and in combination with extracted binder properties to analyze the extent of binder blending in the mix.  The low temperature test results were analyzed to predict the critical cracking temperature of the mixtures.
The results suggest that, for these materials, up to 25% RAP could be added to the mix with no change in the virgin binder grade without detriment to the low temperature properties of the mix.  Greater changes occurred in the high temperature mixture properties than the low temperature properties as the RAP content increased, but the increase was less than anticipated in both cases.  Statistical analysis of the dynamic moduli indicated that, in most cases, the increase in mixture stiffness was not significant; in the few cases where the stiffness was significantly different, the mix with 40% RAP was identified as being different from the other mixtures.  Based on a proposed method to evaluate blending, the test results indicated that almost all of the mixtures behave as if the virgin and RAP binders blend.  

Performance Characteristics of Plant Produced High RAP Mixtures
Walaa S. Mogawer, Thomas Bennert, Jo Sias Daniel, Ramon Bonaquist, Alexander Austerman, Abbas Booshehrian 
Abstract
Reclaimed Asphalt Pavement (RAP) has been used in asphalt pavements at percentages ranging from 10 to 20 percent in the top lift. The resulting pavements have generally performed as well as pavements made with exclusively new materials. Still, many transportation agencies have been reluctant to allow producers to use more than 10 to 20 percent RAP because of concerns that mixtures with higher RAP contents will be too stiff, less workable, difficult to compact and may lead to mixtures more prone to field failures (cracking, rutting, etc.). Furthermore, it is unknown if the RAP binder is mobilized allowing for adequate blending to occur between the RAP and virgin binder. Inadequate blending may result in reduced film thickness on the virgin aggregates and reduced effective asphalt content of the mixture. Nevertheless, the recent increases in the cost of asphalt binder and diminishing supplies of quality aggregates has made using higher RAP contents in Hot Mix Asphalt mixtures a priority for the industry. 
The degree of blending between the RAP and virgin asphalt binders and the performance of high RAP content HMA are not only dependent on the RAP and HMA mixture properties, but also a function of the mixture production parameters, such as: plant type, production temperature, mixing time, discharge temperature, and storage time and temperature. The main focus of this study was to obtain plant produced RAP mixtures, document the mixture production parameters, and evaluate the degree of blending between the virgin and RAP binders. Furthermore, the effect of mixture production parameters on the performance and workability of the mixtures was also evaluated. Performance was measured in terms of stiffness, cracking, rutting, and moisture susceptibility. 
Eighteen plant produced mixtures were obtained from three locations in the Northeast. Mixtures were obtained from New York, New Hampshire and Vermont. The mixtures were produced using different RAP contents that ranged from no RAP to 40 percent RAP. For the New York and Vermont mixtures, softer binders were used also with high RAP contents. The production parameters of the mixtures were documented. 
The data and analysis illustrated that the degree of blending between RAP and virgin binders is function of production parameters in particular, the discharge temperature and silo storage time. Also, softer binders were found to reduce the stiffness of the resultant binder but did not always improve the cracking resistance in the Overlay Tester. Overall, the stiffness of the mixtures increased as the percent of RAP increased. However, this does not hold true when the discharge temperature of the mixtures were inconsistent. The cracking resistance was reduced as the percent of RAP increased. Meanwhile, the rutting and moisture damage resistance improved as the percent of RAP in the mixtures increased. Finally, reheating the mixtures in the laboratory prior to specimen fabrication caused a significant increase in the stiffness of the mixtures and stiffness change insensitivity to the increased RAP contents.

Recommendations for the Characterization of RAP Aggregate Properties Using Traditional Testing and Mixture Volumetrics 
Elie Y. Hajj, Peter E. Sebaaly, Randy West, Nathan Morian, Luis Loria
Abstract
A Federal Highway Administration (FHWA) funded study was conducted to investigate the influence of centrifuge, reflux, and ignition oven extraction methods on extracted aggregate properties. The properties of the virgin aggregates (i.e. gradation and specific gravities) were compared to those of aggregates extracted from laboratory-produced (simulated) recycled asphalt pavement (RAP) from four different aggregate sources. Additionally, the extracted asphalt binder contents were compared to their corresponding true binder contents. The study also looked on how the extraction methods influenced the likelihood of a mix designer overestimating or underestimating a given mix design property. The test results were further examined to determine the impact of the RAP aggregate properties on the voids in mineral aggregate (VMA) for mixtures incorporating different percentages of RAP. As a result, recommendations were made to select the most appropriate method for estimating the RAP aggregate specific gravity based on an acceptable level of error in the VMA calculation of mixtures containing varying levels of RAP.

Successful High RAP Mixes Designed with Balanced Rutting and Cracking Requirements 
Fujie Zhou, Sheng Hu, Gautam Das, Robert Lee, Tom Scullion, German Claros
Abstract
The use of reclaimed asphalt pavement (RAP) and recycled asphalt shingles (RAS) can significantly reduce the increasing cost of hot-mix asphalt (HMA) paving, conserve energy, and protect the environment.  This paper presents a comprehensive study focusing on methodologies to improve the performance of high RAP content mixes.  Firstly this paper addresses one major concern many agencies have, that of RAP variability.  It was found that in Texas the RAP materials are consistent and have low variability in terms of aggregate gradation and asphalt content, within individual stockpiles.  However large variations in properties were found between stockpiles reinforcing the need for project specific mix designs.  Furthermore, the authors evaluated the impact of RAP on optimum asphalt content (OAC), rutting/moisture resistance and cracking resistance.  The findings are that OAC generally increases with more RAP (and RAS) usage, but the increase in OAC is small when the RAP content is below 20%; and increasing RAP content always improves rutting/moisture resistance as measured in the Hamburg wheel tracking test (HWTT).  However, in the laboratory it was found that cracking resistance always reduces with increasing RAP content, especially when RAP content is 30% and above and also when RAP/RAS combinations are used.  Additionally, the use of 10-15% RAP, without lowering virgin binder PG grade has a small impact on rutting/moisture and cracking resistance, but the influence, especially on cracking resistance, is much more significant when higher levels area used.  This is consistent with the three-tier virgin binder selection concept recommended in AASHTO M 323. 
A balanced RAP mix design approach is proposed in this study.  Recognizing the challenge of accurately estimating voids in mineral aggregates (VMA) of the RAP mix, the authors recommend the use of the Overlay Tester (OT) to directly measure  cracking resistance of RAP mixes and the HWTT for evaluating rutting/moisture resistance.  Additionally for Texas dense HMA mixes designed using the Texas gyratory compactor a maximum density of 98% is recommended to avoid over densification and potential bleeding.  In the proposed balanced mix design approach the final asphalt content is selected after optimizing the mix density, HWTT, and OT requirements.  In this study it was also found that RAP handling in the lab is critical, especially the mixing and compaction temperatures for high RAP mixes. It was recommended that the mixing and compaction temperatures used for the virgin binder be used for the RAP mix as well. Finally, the balanced RAP mix design procedure is demonstrated and validated through the construction of field test sections containing different levels of RAP.  One of the interesting findings is that cracking requirement in terms of OT cycles should vary, depending at least on climate (cold vs. hot), traffic (heavy vs. light), and existing pavement condition (overlay over cracked pavements vs. new construction).  For asphalt overlays over severely cracked pavements, a minimum OT requirement of 300 cycles previously proposed was further validated with performance data from the RAP sections on Interstate Highway (IH) 40 near Amarillo, Texas.  More work is needed to develop criteria for different climatic zone and different pavement conditions.  

Laboratory Evaluation of Asphalt Mixtures Containing Dry Added Ground Tire Rubber and a Processing Aid  
Gaylon L. Baumgardner, J. Michael Hemsley, Walter Jordan III,   Isaac L. Howard 
Abstract
Ground tire rubber (GTR) is commonly used to modify asphalt binder for use in hot-mix asphalt construction. Proper formulation of GTR modified asphalt  binders provides for substantial improvement in performance over  conventional asphalt binders, while providing an outlet for disposal of waste tires. Improper use of GTR can lead to poor performance as it has in some  past applications. Poor performance is typically more related to GTR implementation than to GTR as a modifier. 
Various additives have been recommended for use as co-modifiers with GTR in asphalt binder modification for asphalt pavement construction. More  recently co-modifiers have been promoted to be incorporated into hot-mix  asphalt through dry addition of GTR, and additive, into asphalt mixtures. These additives are represented to provide an improved modified asphalt paving binder by incorporating a small amount of additive into GTR modified  asphalt binder which in turn leads to easier mixing, reduced tackiness, reduced  cracking and less permanent deformation, lower life-cycle cost, and longer  service life. 
This paper reports the results of a comprehensive evaluation of trans- polyoctenamer (TOR) modified binder additive, incorporated with GTR in  modification of asphalt binder. In comparison, PG67-22, GTR modified  binder, Styrene-Butadiene-Styrene block copolymer (SBS) modified PG76-22  and GTR dry added to mixture were evaluated in dense, OGFC and SMA mixtures. Performance comparisons were made through SuperPave™ binder  and mixture testing consisting of binder extraction and recovery, Cantabro  durability, APA and Hamburg rut testing, DSR repeated creep, Texas overlay  testing, mixture bending beam rheology, and AMPT dynamic modulus. 
Dry addition of GTR to mixture did not provide equivalent performance  when compared to GTR blended with asphalt binder (terminal or wet blend) or  binder modified with SBS synthetic polymers. In most cases the GTR Dry  mixtures performed only slightly better than the unmodified PG67-22.

The Effect of Loose Mix Aging on the Performance of Warm Asphalts  
Thomas M. Clements, Phillip B. Blankenship, Kamyar C. Mahboub
Abstract
Recent improvements in warm mix asphalt technologies have spurred an aggressive adoption of these new practices within the asphalt paving industry.  Concerns have arisen among federal and state agencies about the effects of this  line of products on the performance of asphalt pavements. An investigation of  the effects of lowering mixing, aging and compactions temperatures while  varying the loose mix aging time was performed. Hamburg Wheel Tracking,  Flow Number, Dynamic Modulus and Fracture Energy testing were used to  evaluate mechanistic properties of the materials. It was found that lowering production temperatures has a significant influence on rutting related testing  and a limited to negligible effect on dynamic modulus and low temperature  fracture energy testing.


1:30-5:00 pm Session V Binder/Mix – James Moulthrop; Moderator, Andrew Braham 
GB5 Mix Design: High-Performance & Cost-Effective 1 Asphalt Concretes By Use of Gap-Graded Curves & SBS Modified Bitumens  
François Olard
Abstract
Aggregate packing concepts developed in the field of high-performance cement concretes, initially by Caquot (1937) then by contemporary researchers since the 1970's, were transposed to the field of asphalt concretes. These concepts, associated with the use of the gyratory compactor on aggregates only, enabled the development of a new laboratory design procedure of dense high-modulus asphalt concretes. These mixes are characterized by single or double gap-graded curves and great coarse aggregate interlock and also no need for low penetration grade bitumens to obtain the European EME2
specifications requirements, in particular the 14,000MPa stiffness modulus value at 15°C. Besides, the use of polymer modified binders (PMB's), at a content of about 4% up to 4.5%, combined with such an optimized aggregate packing
lead to the design of the so-called high-performance asphalt concretes (HPAs) characterized by a great compactability, a very high stiffness modulus and a high fatigue resistance in a single formulation, allowing for reduced pavement
thickness and increased longevity. Moreover, the proposed mix design and the 4%-4.5% binder content makes PMB's affordable in base courses. Laboratory assessment of such materials consisted in the evaluation of compactability, moisture resistance, rutting resistance at 60°C, complex stiffness modulus at 15°C and fatigue resistance at 10°C. Apart from these results, the paper also addresses the successful application of this new material on different job sites, located mainly in France. The paper illustrates that the proposed HPA material may be potentially considered as a relevant solution for sustainable long life pavements that do not deteriorate structurally, needing only timely surface maintenance.

Laboratory Evaluation of High Polymer Plant-Produced Mixtures 
J. Richard Willis, Adam Taylor; Nam H. Tran, Bob Kluttz, David H. Timm 
Abstract
As traffic intensities and pavement loadings are increasing, state agencies are looking for methods to maintain structural integrity while still providing the pavement enough flexibility to prevent cracking.  While polymer modifications are typically seen in the wearing courses of asphalt pavements to prevent rutting, recent research has shown that increasing the polymer loading can provide asphalt mixtures with both flexibility and resistance to permanent deformation.  Two high polymer mixtures (HPM) were placed at the 2009 National Center for Asphalt Technology (NCAT) Test Track as a field trial.  These mixtures featured 7.5% polymer in contrast to more typical 2-3% polymer contents.  During construction, each mixture (one surface and one base mixture) was sampled for evaluation using laboratory performance tests.  The results of the dynamic modulus test, asphalt pavement analyzer, flow number, bending beam fatigue, indirect tension creep compliance and strength test, energy ratio, and moisture susceptibility tests were compared to the results from comparable control mixtures placed in the same round of testing.  The results of dynamic modulus testing showed using the high polymer loading stiffened the surface mixture more than the base mixture. Additionally, the high polymer mixtures performed better than the control mixture in the asphalt pavement analyzer, flow number, and bending beam fatigue tests.  The control mixture had a slightly higher energy ratio, lower critical temperature, and higher tensile strength ratio than the comparable HPM mixture. However, the HPM mixtures had a statistically higher splitting tensile strength in both the moisture conditioned and unconditioned states.  Thus, the laboratory test results suggest HPM mixtures can be placed to develop more efficient (i.e., thinner) pavement cross sections due to their enhanced fatigue and rutting resistance.

Relationship between Bond Energy and Total Work of Fracture for Asphalt Binder-Aggregate Systems
Jonathan Howson, Eyad Masad, Dallas Little, Emad Kassem
Abstract

Surface free energy is a thermodynamic material property representing the work required to create a new surfaces of unit area in a vacuum. Surface free energy has been used to quantify and screen both the cohesive bond energy of asphalt binders and the adhesive bond energy of asphalt binder-aggregate interfaces in wet and dry conditions.  The bond energy is computed based on the surface free energies of the constituent materials, and is therefore independent of test geometry and testing conditions.  
The total work of fracture is the cumulative effect of energies applied to the sample to create two new surfaces of unit area.  These energies include the bond energy, calculated from surface free energy, dissipated plastic energy, and dissipated viscoelastic energy.  The viscoelastic nature of asphalt binder causes the total work of fracture to be dependent on the test geometry and testing conditions (e.g., temperature, loading rate, film thickness, etc.).   
The magnitude of bond energy (either adhesive or cohesive) can be much smaller in magnitude when compared to total work of fracture measured using mechanical tests (i.e., peel test, pull-off test, etc.).  Despite large difference in magnitude, evidence exists in the literature supporting the use of bond energy to characterize the resistance of composite systems to cohesive and/or adhesive failures.  If bond is to be recognized as a useful screening tool by the paving industry, the relationship between bond energy and total work of fracture requires verification.  
This paper presents experimental results from a series of pull-off tests using asphalt binder-aggregate samples that demonstrates a relationship between bond energy and total work of fracture.  In order to fully explore the relationship between bond energy and total work of fracture; temperature, loading rate, specimen geometry, and moisture content were varied


Measuring Physico-Chemical Interaction in Mastics Using Glass Transition
Cristian Clopotel, Raul Velasquez, and Hussain Bahia
Abstract
The current design standard for asphalt mixtures provides guidance on selection of aggregates, asphalt binder and includes requirements for the amount of mineral filler to be included. The amount of filler that can be included is limited to a ratio in the range of 0.6 - 1.2 by mass of the binder. However, this range is based on experience rather than on scientific evaluation of the interaction between filler and binder. Although many researchers acknowledge the physico-chemical interaction between asphalt binder and the mineral filler, currently a procedure to quantify this interaction, and consider it in selecting favorable filler to binder ratio, is not available. In this paper, the effect of fillers on the glass transition temperature (Tg) of the base binder was used to evaluate the physico-chemical interaction in mastics.
The total reinforcement of the filler, which is measured in terms of relative viscosity of the filled binder to the unfilled binder, consists of two parts:  mechanical and physico-chemical. The mechanical reinforcement part is calculated based on micromechanical models commonly used in the literature that take into account volume filling effects and particle-to-particle interactions. Physico-chemical reinforcement is estimated based on the change in the Tg in both William-Landel-Ferry (WLF) and Arrhenius time-temperature shift models.  The concept introduced in this study is evaluated by viscosity and dilatometric Tg testing of three binders mixed with three different fillers, at different concentrations. Results show that the physico-chemical interaction between the mineral filler and the binder can be accurately estimated from the difference in the glass transition temperature of the mastics and the binder.


Development of a Compact Laboratory Aging Procedure for Asphalt Binders
Iliya Yut, Alexander Bernier and Adam Zofka
Abstract

Asphalt aging phenomenon is currently simulated in the laboratory conditions using two accelerated procedures. Short-term procedure involves air-blowing binder sample at high temperature for 1.5 hour whereas a following long-tem procedure condition the same sample at elevated pressure for 20 hours. It has been shown that these methods do not necessarily reflect low-temperature oxidative aging as it occurs in pavement structures built with modern asphalt materials. Furthermore, these methods are time- and energy-consuming, and environmentally hazardous. 
The undergoing research study targets development of an alternative laboratory aging apparatus employing a compact Attenuated Total Reflection spectrometer and air-flow Aging Cell (ATRAC) equipped with a temperature controller. Concurrently, asphalt mix samples are collected from several pavements of different ages constructed in Connecticut and Rhode Island with non-modified PG 64-28 (AC-20) and crumb rubber-modified PG 76-34 binders. Preliminary analysis results show a good correlation between oxidation rates of binders aged by the ATRAC and oxidation rates of asphalt mixes collected from the existing pavements. For considered materials and conditions, one minute of binder aging in ATRAC appears to correspond to one hour of PAV aging or to one year of asphalt aging in the field. Further investigation is needed to establish statistical significance of the results.

For Publication Only
Delayed mechanical response in modified asphalt binders - Characteristics, modeling and engineering implications 
Filippo Merusi
Abstract

The research reported herein deals with the analysis of different rheometrical approaches to evaluate the damage-related properties of modified asphalt binders at high service temperatures. Static and repetitive creep experiments were performed to associate specific characteristics of the binders’ time dependent response to the materials damage resistance in conditions of incipient failure. The model parameter η0 was found to be the most important factor which controls and predicts the binder resistance to the propagation of a viscous flow. Further data shown that this condition applies even if non-linear
domains are considered. The concept of intrinsic resistance to non-reversible deformation was consequently introduced and advanced performance-based criteria for technical qualification of modified asphalt binders were proposed.
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