TRANSPORTATION POOLED FUND PROGRAM
QUARTERLY PROGRESS REPORT

Minnesota DOT
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 # Transportation Pooled Fund Program - Report Period:
(i.e, SPR-2(XXX), SPR-3(XXX) or TPF-5(XXX)
[IQuarter 1 (January 1 — March 31)

MQuarter 2 (April 1 — June 30)
CIQuarter 3 (July 1 — September 30)
[IQuarter 4 (October 1 — December 31)

Project Title:
Recycled Unbound Materials
Name of Project Manager(s): Phone Number: E-Mail
Tuncer Edil 608-262-3225 edil@engr.wisc.edu
Lead Agency Project ID: Other Project ID (i.e., contract #): | Project Start Date:
6/4/2008
Original Project End Date: Current Project End Date: Number of Extensions:
6/30/2011 11/30/2012 1

Project schedule status:

[0 On schedule 1 On revised schedule [0 Ahead of schedule ] Behind schedule

Overall Project Statistics:

Total Project Budget Total Cost to Date for Project Percentage of Work
Completed to Date
$349,909 $161,149 53%

Quarterly Project Statistics:

Total Project Expenses Total Amount of Funds Total Percentage of
and Percentage This Quarter Expended This Quarter Time Used to Date
0 (RMRC support used) 0 (RMRC support used) 46%
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Project Description:

The objective of this project is to characterize the properties of crushed recycled concrete pavement (RCA) and asphalt
(RAP) as unbound base without being treated or stabilized, to assess how RCA and RAP behave in the field and to
determine how pavements can be designed using RCA and RAP. Issues to be considered include variability in material
properties, purity of material and how to identify and control material quality. This project will include laboratory studies,
examination of existing field sites and evaluation of data from MNnROAD test sections. Anticipated results from this project
include a suite of tests and/or protocols that may be used to identify the critical characteristics of these recycled materials,
as well as optimum design criteria and best construction practices needed for a durable base that meets the properties
proposed for layer design. The three cells will be constructed using recycled materials in the granular base layers at the
MnROAD test facility. One test section will include 100% RAP, another 100% RCA and the third a 50/50 blend of
RCA/natural aggregate. The material properties will be monitored during construction and throughout the pavement life
by others, especially the variation with changing seasons and moisture regimes in order to determine their effects on
pavement performance. The cost of the instruments and installation will be covered under a different program; however
this project will analyze the data being generated from the test sections in conjunction with other data from the project.

Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):

The effect of RAP content on the stiffness of Class 5 aggregate used as conventional unbound road base/subbase layer
was evaluated. Two RAPs were chosen to reflect one typical, and one medium gradation. Chosen RAPs were materials
taken from California DOT and Colorado DOT. Specimens were prepared by blending RAP to Class 5 aggregate at three
levels: 0%, 50% and 100% by weight. The modified Proctor compaction test was performed on blended material (50%
RAP-50%Class 5 aggregate) in accordance with ASTM D 1557 to determine the optimum moisture content (OMC) and
maximum dry unit weight (MDU) of blended materials. Resilient modulus tests were performed on compacted specimens
according to NCHRP 1-28a Procedure la.

The effect of compaction moisture content on the resilient modulus of unbound road base/subbase layers was
investigated. Two RAPs and two RCAs were used to determine the behavior of soil layers under different compaction
moisture levels. Materials were chosen to reflect one typical, one coarser, and one finer gradation each of RAP and RCA.
Chosen RAPs were materials coming from Texas DOT, Ohio DOT and RCAs from Ohio DOT and Colorado DOT. Three
moisture contents, OMC, 2% dry of OMC and 2% wet of OMC, were selected. Resilient modulus tests were performed on
compacted specimens according to NCHRP 1-28a Procedure la. Specimens were prepared at OMC, OMC +2% and
OMC-2%, and compacted to 95% of maximum modified Proctor density. Specimens were compacted in six lifts with equal
mass per layer, and different moisture content levels were achieved by controlling the amount of compacted mass per
layer for each test.

Task Number IA: Litterature Review - 100% completed (Report submitted).

Task Number IB: Relationship between Resilient Modulus and Composition of RCA and RAP - 100% Completed (Report
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Anticipated work next quarter:

Temperature effects on three RAP, three RCA, and one natural aggregate will be analyzed. Resilient modulus tests will
be conducted on these materials at four different temperatures: 5°C, 23°C, 30°C, and 40°C. Results will be analyzed to
determine if temperature has an effect on the resilient behavior of those seven materials.

Significant Results:

RAP had higher SRM than Class 5 aggregate and RCA. RAP exhibited slightly smaller plastic strain than Class 5,
whereas RCA showed lowest plastic strain during Mr tests. Two commonly used resilient modulus functions (Power
Function and NCHRP models) for unbound base aggregates both captured the stress dependency of Mr satisfactorily.
Compaction effort has an impact on resilient modulus of recycled materials greater than observed for natural aggregate.
Compaction moisture effect has an impact on resilient modulus greater for RCA than RAP. The Mr decreases with an
increase in moisture content for RAP and RCA. The rate of decrease in SRM for RAP is lower than RCA, since the
moisture holding capabilities of RAP fractions were reduced due to asphalt coating. This decrease could be attributed to
the decrease in matric suction, and increase in the lubricating effect of water with increasing moisture content. Blending
recycled materials with natural aggregate result in intermediate modulus between the moduli of the two materials.
Recycled materials had higher moduli then natural aggregate in this study. Therefore, no benefit is seen for blending as
long as long sufficient recycled materials are available
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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).

Some of the materials failed during investigating the effect of compaction moisture on the stiffness of unbound
base/subbase layers, due to lubricating effect of water at high water content levels.

Potential Implementation:
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The objective of this project is to characterize the properties of crushed recycled concrete pavement (RCA) and asphalt (RAP) as unbound base without being treated or stabilized, to assess how RCA and RAP behave in the field and to determine how pavements can be designed using RCA and RAP. Issues to be considered include variability in material properties, purity of material and how to identify and control material quality. This project will include laboratory studies, examination of existing field sites and evaluation of data from MnROAD test sections. Anticipated results from this project include a suite of tests and/or protocols that may be used to identify the critical characteristics of these recycled materials, as well as optimum design criteria and best construction practices needed for a durable base that meets the properties proposed for layer design. The three cells will be constructed using recycled materials in the granular base layers at the MnROAD test facility. One test section will include 100% RAP, another 100% RCA and the third a 50/50 blend of RCA/natural aggregate. The material properties will be monitored during construction and throughout the pavement life by others, especially the variation with changing seasons and moisture regimes in order to determine their effects on pavement performance. The cost of the instruments and installation will be covered under a different program; however this project will analyze the data being generated from the test sections in conjunction with other data from the project.
	Progress this Quarter includes meetings work plan status contract status significant progress etc: 

The effect of RAP content on the stiffness of Class 5 aggregate used as conventional unbound road base/subbase layer was evaluated. Two RAPs were chosen to reflect one typical, and one medium gradation. Chosen RAPs were materials taken from California DOT and Colorado DOT. Specimens were prepared by blending RAP to Class 5 aggregate at three levels: 0%, 50% and 100% by weight. The modified Proctor compaction test was performed on blended material (50%RAP-50%Class 5 aggregate) in accordance with ASTM D 1557 to determine the optimum moisture content (OMC) and maximum dry unit weight (MDU) of blended materials. Resilient modulus tests were performed on compacted specimens according to NCHRP 1-28a Procedure Ia.

The effect of compaction moisture content on the resilient modulus of unbound road base/subbase layers was investigated. Two RAPs and two RCAs were used to determine the behavior of soil layers under different compaction moisture levels. Materials were chosen to reflect one typical, one coarser, and one finer gradation each of RAP and RCA.  Chosen RAPs were materials coming from Texas DOT, Ohio DOT and RCAs from Ohio DOT and Colorado DOT. Three moisture contents, OMC, 2% dry of OMC and 2% wet of OMC, were selected. Resilient modulus tests were performed on compacted specimens according to NCHRP 1-28a Procedure Ia. Specimens were prepared at OMC, OMC +2% and OMC-2%, and compacted to 95% of maximum modified Proctor density. Specimens were compacted in six lifts with equal mass per layer, and different moisture content levels were achieved by controlling the amount of compacted mass per layer for each test. 
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Task Number IC: Scaling and Equivalency: Specimen Tests to Field-Scale Conditions -100% Completed (Report 
submitted).

Task Number ID: Climate Effects - 45% complete.  Freeze-Thaw Cycles investigated and report (Task ID-Part 1) is submitted.  Temperature effects on RAP has started.

Task Number IIA : Compaction Level and Assessment - 75% Completed.  The laboratory part (UW-Madison) of this task is completed (report submitted), field data is being collected by MnDOT and laboratory and field data have to be combined..

Task Number IIB: Field Performance and Maintenance - 65% Complete. A field test and construction report has been received from MNDOT.  PIs expect MnDOT perform additional FWD and pavement distress surveys as part of their monitoring activities and deliver to them for analysis - 65% Completed.

Task Number III : Materials Control : The impurities  may affect the mechanical behavior of recycled amterials were identified. The effect of impurities on resilient modulus of recycled unbound base materials will be investigated in the next quarter - 50% Completed (Report is being written for the first part).

Task Number IV: Leaching Characteristics - 50% Complete.  Field lysimeter samples are being collected periodically at MnROAD and analyzed for metals.  Continuation of this activity as long as possible is crucial for definitive conclusions.  Column leach tests were initiated for trace metals from RCA.  pH control of leaching is important.  Concentrations versus pH tests were conducted for critical metals.  The effects of particle crushing typically required for these tests on leaching behavior and solid-liquid ratio were investigated.   A new set of lysimeters are planned at the UW-Madison campus to assess early pH and concentration data  for freshly crushed and stockpiled RCAs to resolve the discrepancy in high pH in lab column tests and low pH in MnROAD lysimeters where early data were missed).  A plan has been developed for evaluating PAHs release from the asphalt in RAP.  The test procedure is developed and the tests have begun.

Task Number V: Extended Monitoring : Nothing to report.

Task Number VI/VII: Final Report and Dissemination - 40% complete.  Work completed to date has been written.
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