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	Research Title: 
	Determining Pavement Design Criteria for Recycled Aggregate Base and Large Stone Subbase

	Developed By:
	NRRA Geotechnical Team

	Research Contact:
	John Siekmeier
John.siekmeier@state.mn.us
(651) 366-5417



Request Type:  		Long Term Research Project using MnROAD test sections
Contracting Process:	MnDOT Master University RFP – Contractor TBD

Project Overview and Goals:
	Currently many pavement design methods assume that the performance of aggregate base made from recycled materials is similar to the performance of aggregate base made from native materials.  Also, the use of 3-6+” subbase materials is being used in some states to provide a more stable construction platform on which to place subsequent pavement layers.  The purpose of this project is to measure, and then develop methods to estimate, the stiffness and permeability of aggregate base containing recycled materials and large subbase.  These estimation methods will be based on commonly used tests such as gradation, percent crushing, percent recycled asphalt pavement, and percent recycled concrete pavement.  Both the initial construction properties and the long term seasonal properties will be estimated.  These properties include strength, stiffness, and permeability.  Deterioration and contamination will also be assessed to determine how to best consider the long term properties of these materials during pavement design.



	MnROAD Test Section Description
Recycled and crushed rock aggregate base test sections are each approximately 220 feet long.
· Cell 185  3.5” HMA / 12” aggregate base (MnDOT Class-5Q) coarser recycled concrete   / Sand 
· Cell 186  3.5” HMA / 12” aggregate base (MnDOT Class-5)    finer recycled concrete        / Sand
· Cell 188  3.5” HMA / 12” aggregate base (MnDOT Class-6)    crushed limestone                / Clay
· Cell 189  3.5” HMA / 12” aggregate base (MnDOT Class-6)    RAP and recycled concrete / Clay

Large stone aggregate subbase test sections are each approximately 250 feet long.
· Cell 127  3.5” HMA / 6” aggregate base (MnDOT Class-6)  / 18” large subbase (1-lift) / Clay
· Cell 227  3.5” HMA / 6” aggregate base (MnDOT Class-6)  / 18” large subbase (2-lift) / Clay 
· Cell 128  3.5” HMA / 6” aggregate base (MnDOT Class-6)  /   9” large subbase (1-lift) / Clay 
· Cell 228  3.5” HMA / 6” aggregate base (MnDOT Class-5Q) / 9” large subbase (1-lift) / Clay
 
The monitoring program is expected to measure any changes in strength, stiffness, and permeability of the unbound pavement layers over the duration of this research project.  This will involve non-destructive testing including the falling weight deflectometer.  The in situ properties of the test sections shall be measured during construction quality assurance and compared to the properties estimated during pavement design.  Construction uniformity shall be quantitatively measured and recorded.  The investigation shall also compare similar pavement sections over differing subgrade materials (sand vs clay).  Construction methods shall maximize blending and uniformity.


Sources of Data
· MnROAD
· The 2017 test sections constructed at MnROAD.
· Past test sections constructed at MnROAD, including the 2008 recycled unbound base study.  This data is available by contacting Ben Worel at MnDOT.
· MnDOT Partnerships
· Ingios and University of Texas El Paso (UTEP) will map unbound layers using intelligent compaction.  These work plans are available on the NRRA website at: http://www.dot.state.mn.us/mnroad/nrra/structureandteams/geotechnical/index.html
The research contractor shall utilize the data collected though these partnerships in their analyses and conclusions.
· NRRA State Members
· Past and on-going research in the areas of recycled base and large subbase aggregates is available from each of the NRRA state members and shall be included in the literature review.  The existing specifications from each of the NRRA state members shall also be included in the literature review.



	Research Tasks
Please note that these research tasks include both the work to be done by MnDOT staff and the work to be done by the research contractor.  These tasks are expected to be completed during a three year contract period.

· Task 1 - Literature Review and Recommendations
· Contractor
· Review shall include national and international studies of recycled materials and large subbase materials used in all the unbound layers of the pavement structure for both flexible and rigid pavements.  Review shall also include contract specifications for both construction and testing requirements.  Review of test procedures shall include construction, material characterization, post construction, design process, long term performance, and environmental effects on materials.
· The contractor shall summarize the existing literature and recommend best practices based on existing literature.
· Task 2 – Tech Transfer “State of Practice“
· MnDOT
· MnDOT will begin a state of practice report and provide this draft document to the research contractor in March 2018.  It is expected that this draft document will be approximately 50% of the effort required to complete this task.
· Contractor
· Complete the state of the practice report and a PowerPoint summary for presentation during a one to two hour webinar to the technical advisory panel in June 2018.
· Task 3 – Construction Monitoring and Report
· MnDOT
· Ensure the construction complies with the plans and special provisions.
· Inspection shall include a construction diary including the following information: equipment used, number of lifts to place materials, number of passes for compaction.  
· Testing shall include: density, moisture, gradation, Atterberg limits, hydrometer, classification, DCP, LWD, FWD, GPR, gas permeameter, and field image analysis of aggregate particle size and shape.
· Verification of sensor placement and verification that sensors are working properly.
· Determination of rutting and stability under proof rolling prior to placement of HMA pavement. 
· Collect and ship research test samples to the contractor’s testing lab.
· Construction report containing all the 2017 activities.  Includes as-built construction details and test results available within six months of completion of construction.
· Partnerships with Ingios and University of Texas El Paso (UTEP) will map unbound layers using intelligent compaction and provide other test data.
· Contractor
· Ingios and University of Texas El Paso (UTEP) will map unbound layers using intelligent compaction.  The research contractor shall include and utilize this intelligent compaction data and other test data collected though these partnerships in the contractor’s presentations to the technical advisory panel and in the interim and final reports.
· Task 4 – Laboratory Testing
· MnDOT
· Perform laboratory testing and provide data to research contractor.  Tests include density (referenced to both standard and modified compaction energy), moisture, gradation, Atterberg limits, hydrometer, classification, and percent crushing. 
· Provide past test data stored in the MnROAD database.  Available by contacting Ben Worel at MnDOT.
· Contractor
· Perform laboratory testing of 2017 samples including angularity index and surface texture using image analysis and traditional measurement techniques, which specifically include Illinois DOT test procedures 4791 “Flat and Elongated Particles in Coarse Aggregate” and 5821 “Determining the percentage of Fractured Particles in Aggregate” for all aggregate base and large rock subbase materials.
· Perform resilient modulus (AASHTO T307) on aggregate base materials (not large stone subbase).
· Apply existing methods to estimate resilient modulus from more common tests such as density, moisture, gradation, Atterberg limits, hydrometer, classification, percent crushing, angularity index, and surface texture.
· Review laboratory testing results in the MnROAD database collected during past studies.  Compare with 2017 results and discuss similarities and differences. 
· Task 5 - Performance Monitoring and Reporting 
· MnDOT 
· Collect and upload seasonal performance data into MnROAD database.
· Seasonal performance data includes falling weight deflectometer and pavement surface condition (Pathways Van).
· Contractor
· Participate in monthly technical advisory panel web-based meetings.
· Deliver annual written reports and semiannual webinars that summarize results, conclusions, and recommendations.  Complete and include analyses of the raw FWD data.  Include results of analyses of the data provided by others.  
· Ingios and University of Texas El Paso (UTEP) will map unbound layers using intelligent compaction.  These work plans are available on the NRRA website at: http://www.dot.state.mn.us/mnroad/nrra/structureandteams/geotechnical/index.html   
· The research contractor shall utilize the data collected though these partnerships in their analyses and conclusions.
· Task 6 – Instrumentation 
· MnDOT
· Purchase, pretest, install, verify, and upload temperature, moisture, and weather data to database.
· Measure dynamic asphalt strain seasonally in response to loads applied by MnROAD truck and falling weight deflectometer.
· Upload dynamic asphalt strain data to database.
· Maintain instrumentation to the degree practical during the life of the research project.
· Measure and store traffic counts and loads.
· Contractor
· Analyze and discuss temperature, moisture, and dynamic strain data as they relate to performance and pavement design.
· Analyze and discuss freeze, thaw, and frost depth behavior of the materials data as they relate to performance and pavement design.
· Task 7 - Determine Pavement Design Criteria
· Contractor
· Analyze field and laboratory testing and explain how the results effect pavement design inputs.
· Analyze the intelligent compaction data and explain how the results effect pavement design inputs.
· Review pavement design inputs in terms of benefits and cost.
· Characterize properties and engineering behavior of recycled base and large stone subbase materials and how those properties may change seasonally and over time.
· Analyze seasonal frost depth and freeze thaw on the behavior of these materials.
· Compare and relate field testing, lab testing, dynamic asphalt strain, and performance monitoring.
· Develop methods to estimate the stiffness and permeability of aggregate base containing recycled materials and large subbase.  These estimation methods will be based on commonly used tests such as gradation, percent crushing, percent recycled asphalt pavement, and percent recycled concrete pavement.  Both the initial construction properties and the long term seasonal properties will be estimated.
· Assess the deterioration and contamination to determine how to best consider the long term properties of these materials during pavement design. 
· Utilize past data collected from earlier MnROAD test sections, including forensics done on test sections built in 2008. 
· Recommend pavement design input values for each NRRA state per their pavement design method.
· Recommend construction specifications that are consistent with the recommended pavement design input values for each NRRA state.
· Task 8 - Draft Final Report
· Contractor
· Develop a draft final report for review by the technical advisory panel.
· Develop and provide webinars to present research results and recommendations. 
· Task 9 - Final Report 
· Contractor
· Finalize report based on comments from the technical advisory panel reviews.
· Publish final project report including life cycle cost, benefit cost ratio, and proposed revised pavement design parameters and material specifications.  All research findings shall be presented in the final report and shall include: material characterization, subgrade condition, and construction testing results, monitoring/analyses of traffic loading, and evaluation of final performance of the different construction sections.
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