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TRANSPORTATION POOLED FUND PROGRAM 
QUARTERLY PROGRESS REPORT 

 
Lead Agency (FHWA or State DOT):  __________________________________________________ 

 
INSTRUCTIONS: 
Project Managers and/or research project investigators should complete a quarterly progress report for each calendar 
quarter during which the projects are active.  Please provide a project schedule status of the research activities tied to 
each task that is defined in the proposal; a percentage completion of each task; a concise discussion (2 or 3 sentences) of 
the current status, including accomplishments and problems encountered, if any.  List all tasks, even if no work was done 
during this period. 
 
Transportation Pooled Fund Program Project # 
(i.e, SPR-2(XXX), SPR-3(XXX) or TPF-5(XXX) 
 
 

Transportation Pooled Fund Program - Report Period: 

□Quarter 1 (January 1 – March 31) 

□Quarter 2 (April 1 – June 30) 

□Quarter 3 (July 1 – September 30) 

□Quarter 4 (October 4 – December 31) 

Project Title: 
 
 
Name of Project Manager(s): Phone Number: E-Mail 

 
 

Lead Agency Project ID: Other Project ID (i.e., contract #): Project Start Date: 
 
 

Original Project End Date: Current Project End Date: Number of Extensions: 
 
 

 
Project schedule status: 

□ On schedule □ On revised schedule  □ Ahead of schedule  □ Behind schedule 
 
Overall Project Statistics: 
                  Total Project Budget     Total Cost to Date for Project           Percentage of Work  

           Completed to Date 
   

 
 
Quarterly Project Statistics: 
               Total Project Expenses  
          and Percentage This Quarter 

     Total Amount of  Funds  
      Expended This Quarter 

         Total Percentage of  
          Time Used to Date 
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Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.): 
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Circumstance affecting project or budget.  (Please describe any challenges encountered or anticipated that  
might affect the completion of the project within the time, scope and fiscal constraints set forth in the  
agreement, along with recommended solutions to those problems). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Potential Implementation:   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


	Lead Agency FHWA or State DOT: Louisiana DOT
	Transportation Pooled Fund Program Project  ie SPR2XXX SPR3XXX or TPF5XXX: 
TPF-5(294)

	Quarter 1 January 1  March 31: Off
	Quarter 2 April 1  June 30: Off
	Quarter 3 July 1  September 30: Off
	Quarter 4 October 4  December 31: On
	Project Title: Design and Analysis Procedures for Asphalt Mixtures Containing High-RAP Contents and/or RAS
	Name of Project Managers: Louay Mohammad
	Phone Number: 225-767-9126
	EMail: Louaym@Lsu.Edu
	Lead Agency Project ID: LTRC Project No. 14-5PF
	Other Project ID ie contract: DOTLT1000002
	Project Start Date: 11/1/2014
	Original Project End Date: 10/31/2017
	Current Project End Date: 10/31/2019
	Number of Extensions: 2
	On schedule: Off
	On revised schedule: On
	Ahead of schedule: Off
	Behind schedule: Off
	Total Project BudgetRow1: $506,812
	Total Cost to Date for ProjectRow1: $410,777
	Percentage of Work Completed to DateRow1: 80
	Total Project Expenses and Percentage This QuarterRow1: $26,600 (4.5%)
	Total Amount of Funds Expended This QuarterRow1: $26,600
	Total Percentage of Time Used to DateRow1: 81
	Project Description: Asphalt recycling has become an important instrument used to minimize production costs of new pavements as well as to mitigate its impacts on the environment.  Some of the benefits of utilizing recycled materials include the conservation of nonrenewable natural resources such as virgin aggregates and asphalt binder, reduction in the amount of construction debris disposed of in landfills, decrease of the variability in material expenditures, and potential reduction of the overall life-cycle cost. Recycling also helps to cut greenhouse gas emissions by reducing the energy spent on the extraction and processing of petroleum products and aggregates. Moreover, the increasing price of asphalt binder along with more restrictive environmental legislation has forced the highway agencies and contractors to search for novel materials and construction techniques. Such efforts are aimed at fulfilling the current sustainability needs without compromising the pavement quality and performance. There is, at this time, considerable emphasis on the use of reclaimed asphalt pavement (RAP) as preferred recycled material for highway construction due to its abundance and successful prior experiences.  Recycled asphalt shingles (RAS) have also become another promising recycling candidate due to their potential use in asphalt mixtures. However, to ensure successful use of RAP and/or RAS, many concerns relating to the chemical and physical interactions among virgin and recycled materials as well as the durability of the produced mixture must be addressed.

Despite recent advancements in the design of asphalt mixtures containing RAP, many states are still cautious in their regulations to avoid durability problems related to the recycling process.  In many states, RAP is currently not allowed in highest-class asphalt mixtures and in polymer-modified asphalt products.  In addition, high percentages of RAP exceeding 25% are not commonly used in practice.  On the other hand, many state agencies are taking a more aggressive approach by considering increasing the allowable percentages of RAP in asphalt mixture to take full advantage of this promising technology.  For instance, up to 50% RAP has been used in some asphalt mixtures, which produced an acceptable level of performance.  In addition, reclaimed asphalt shingles (RAS), defined by the American Association of State Highways and Transportation Officials (AASHTO) MP 23-14 “Standard Specification for Use of Reclaimed Asphalt Shingles as an Additive in Hot-Mix Asphalt (HMA)” as “any type of waste roofing asphalt shingles that have been processed into a recyclable product,” have become another promising candidate of recycling, also because of the high compatibility with paving asphalt mixtures.  However, to ensure successful use of RAP and/or RAS, confidences in the mixture design procedure require addressing many concerns related to the interaction between virgin and recycled materials and durability of the produced mixture.  Current AASHTO recommendations make it difficult to design asphalt mixtures with high-RAP and/or RAS contents. Modifications to the current specifications are needed to assure agencies that satisfactory performance will result from the use of high-RAP and/or RAS content asphalt mixes. 

The objectives of this research project are to (1) establish mechanistic test criteria, that ensure pavement durability, for warm/hot asphalt mixtures containing high-RAP content and/or RAS; and 2) propose asphalt mixture specifications that incorporate these mechanistic test criteria as tested on plant produced specimen and/or roadway cores based on the results of the study.

The validation of the proposed methodology will be carried out on plant produced mixtures and roadway cores (depending on availability of those cores). Testing of plant-produced mixtures and roadway cores will allow for the evaluation of the impacts of higher RAP percentages and/or RAS on the durability of the evaluated asphalt mixtures 

Two field projects from each participating state (Louisiana, Florida, and Colorado) will be included. Each field project will consist of a conventional mixture and mixture containing high-RAP and/or RAS content. Thus, a total of four mixtures will be evaluated from each participating state.     

Two experiments will be conducted during this study, namely, (1) physical and chemical characterization of raw materials; and (2) mixture fatigue/fracture characterization at intermediate temperature.   In the mixture experiment, five mechanistic tests will be performed to assess the fatigue/fracture resistance.  The tests selected include Semi-Circular Bend test at intermediate temperature, Dissipated Creep Strain Energy test, Beam Fatigue test, Texas Overlay test, and Simplified Viscoelastic Continuum Damage using Direct Tension Cyclic Fatigue test.  The data from the five fatigue/fracture performance tests will be appropriately reduced and compared amongst each other. A score card type of ranking system with weights varying from 0 to 5 will be used for a qualitative analysis for each fatigue/fracture test. 

	Progress this Quarter includes meetings work plan status contract status significant progress etc: Task 1: Perform Literature Review (% Complete = 100)
Continued collecting data from a variety of sources to review completed and on-going laboratory and field studies on the design, characterization, and fatigue/fracture performance of HMA and WMA incorporating high percentages of RAP and/or RAS.

Task 2: Identify Field Projects and Material Collection  (% Complete = 80)
Mixture project identification and mixture acquisition have been completed in collaboration with FDOT and CDOT. Field cores from Florida and Colorado projects have been acquired. The research team has identified Louisiana field projects by the end of this quarter. It is expected that during the next quarter material collection will be completed and testing started. 

Task 3:  Conduct of Laboratory Experiment (% Complete = 84)
Mixtures of all ten lanes from FHWA ALF and from the Colorado and Florida projects have been completely evaluated using dynamic modulus, S-VECD characterization, semi-circular bend (SCB), Texas Overlay, four-point bending beam fatigue, indirect tension (IDT), and Illinois Flexibility Index (I-FIT) tests.  Asphalt binder extraction and mixture mechanistic characterization have been completed on all these materials. For all asphalt binders, the rheological characterization program includes Superpave performance grading, Frequency sweep, multiple stress creep and recovery (MSCR), and linear amplitude sweep (LAS) tests. The chemical characterization program consists of saturates, aromatics, resins, and asphaltenes (SARA) fractionation, gel permeation chromatography (GPC) analysis, and Fourier transform infrared spectroscopy (FTIR) test. All rheological and chemical binder tests have been completed for the asphalts extracted from the ALF, Florida, and Colorado mixtures. 

Task 4 – Perform Data Analysis (% Complete = 85)
During this quarter, the Illinois Flexibility Index Test (I-FIT) data were processed and analyzed to obtain the Flexibility Index (FI). The score card for this test was evaluated independently by the asphalt laboratories of LTRC and Paragon Technical Services, Inc., and the results were included in the draft final report. 
Dynamic modulus master curves and the damage characteristic curves have been constructed using the dynamic modulus and S-VECD test data. The critical strain energy release rate has been computed using SCB test on each mix. The crack resistance parameters, including the number of cycles to failure, critical fracture energy, and crack progression rate, were obtained from the Texas Overlay test. The dissipated creep strain energy and energy ratio were calculated using the IDT test data. An innovative viscoelastic continuum damage analysis was also performed on the IDT test. The beam fatigue data was interpreted using the concept of dissipated energy. The mixtures test results are found to be sensitive to material composition (WMA vs. HMA, base binder grade, and RAP/RAS content). Efforts have been also devoted to correlating the laboratory mixture performance to their field performance in ALF lanes. For example, use of the S-VECD analysis scheme, a new parameter named Structural Fatigue Sensitivity was proposed which correlated very well with observed cracking performance on the ALF lanes. Further, parameters were developed for the score card analysis of each test that included specimen preparation, instrumentation, standard test method, testing, training, interpretation, sensitivity to mix composition parameters, routine application, correlation to field performance, data analysis, cost, and repeatability.  Four levels of evaluation were established for each parameter. As for the asphalt binder characterization, the performance grade, delta Tc, dynamic shear modulus master curve, and non-recoverable creep compliance (MSCR), and fatigue properties (LAS) were determined using the methods in AASHTO specifications or well-accepted literature for subsequent investigation. In addition, the Carbonyl index, SARA fractionation, and GPC molecular weight distribution analysis were performed as part of the chemical characterization. The research effort was devoted to correlating the crack resistance of asphalt mixtures and binders, and correlating the chemical and rheological parameters determined for the binders in relation to crack resistance. 

Preliminary results of the study are included in the following papers: 
1) one paper presented at the 2017 annual meeting of Association of Asphalt Paving Technologists (addressing S-VECD characterization and fatigue performance correlation with field measurements of the ALF lanes. Doi:  10.1080/14680629.2017.1389078); 
2) one paper presented at the 2018 annual meeting of Transportation Research Board (TRB) (addressing the RAP mixtures as evaluated by multiple cracking tests. Doi: 10.1177/0361198118787973); 
3) one paper published in Journal of Materials in Civil Engineering (addressing SCB characterization and fatigue performance prediction using the proposed Jc-based fatigue model. Doi: 10.1061/(ASCE)MT.1943-5533.0002448); 
4) one paper published in International Journal of Geomechanics (addressing LAS binder fatigue characterization and correlation of fatigue resistance between binders and mixtures. Doi: 10.1061/(ASCE)GM.1943-5622.0001306); 
5) one paper published in Construction and Building Materials (addressing IDT testing and analysis using the DCSE concept and the VECD approach. Doi: 10.1016/j.conbuildmat.2018.07.191);
6) one conference paper published in RILEM 252-CMB Symposium (addressing intermediate temperature cracking performance of asphalt mixtures using SCB, IDT, and Texas overlay tests. Doi: 10.1007/978-3-030-00476-7_36); 
7) one paper published in Construction and Building Materials (addressing the chemical and rheological evaluation of asphalt binders and their correlations in relation to crack resistance. Doi: 10.1016/j.conbuildmat.2018.11.122); 
8) one paper submitted to Materials and Structures (addressing fatigue performance correlation between field measurements and laboratory tests including SCB, IDT, and Texas overlay tests);
9) one paper to be submitted to Construction and Building Materials (addressing the correlation in fatigue resistance of asphalt binders and mixtures as ascertained by time sweep, linear amplitude sweep, SCB, and beam fatigue tests); and 
10) one paper under preparation (addressing both fatigue and rutting performance of asphalt binders and mixtures)

Task 5 - Preparation of a Draft Project Report (% Complete = 77%)
During this reporting period, the first draft of the final report was completed. The final report will continue to be refined during the following research period. 
	Anticipated work next quarter: Collect asphalt materials from the project in Louisiana (including plant-produced loose mixtures, base asphalt binder, and RAP source materials if available). Perform laboratory testing and data analysis.    
 
Refine the final report and score card.  

	Significant Results: It is anticipated that the results from this study will provide guidance to States in the selection of a fatigue/fracture performance test to incorporate during asphalt mixture design containing high-RAP and/or RAS materials.   
	Circumstance affecting project or budget  Please describe any challenges encountered or anticipated that might affect the completion of the project within the time scope and fiscal constraints set forth in the agreement along with recommended solutions to those problems: Timely progress has been achieved for testing of mixtures received from CODOT, FDOT, and the FHWA ALF study titled “Advance Use of Recycled Asphalt in Flexible Pavement Infrastructure: Develop and Deploy Framework for Proper Use and Evaluation of Recycled Asphalt in Asphalt Mixtures.”   However, location of field projects and securing of mixtures from Louisiana has been challenging.    
	Potential Implementation: 
Results from this study will provide guidance to States in the selection of a fatigue/fracture performance test to incorporate during asphalt mixture design containing high-RAP and/or RAS materials.  Incorporating a performance test as part of asphalt mixture design will address durability concerns of the produced mixture contained recycled brittle asphalt binder.


