of Transportation

|@ lowa Department Research Quarterly Progress Report

For Quarter Ending 03/31/2010
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RT 314 352 Improvingthe FoundatiorLayersfor ConcretePavements

Principal Investigator Name

Email Address

David White djwhite@iastate.edu
Co-Principal Investigator Name(s) Email Address
Tom Cackler tcackler@iastate.edu

Principal Investigator Organization Name/Address

CPTech,2711S Loop Drive, Ste4700,Ames,|A 50010

-

Phasd — ProblemidentificationandEconomicAnalysis

DOT Office DOT Contact Name Email Address
lowaDOT Sandrd.arson sandra.larson@dot.iowa.
Project Start Date Original Project End Date Extended Project End Date
03/16/09 03/15/14
Dollars Allocated Dollars Paid Percent Project Completed
$700,000.00 $141,905.13 15

Project Tasks Scheduled | Scheduled Date

Start Date | End Date Completed

Formatechnicaladvisorycommittee

06/01/20( 08/31/20C| 05/12/2009

A comprehensiveeviewof theliteraturerelatedto paveme

08/31/20( 06/30/201

Documentapplications/benefitef techniquesisedto impro

08/31/02( 06/30/201

Phasd report

08/31/02( 09/30/201

Phasdl DesignParameteBelectiorandSensitivityAnalys

Selectsubbaseandsubgradeconditionsto evaluate

01/01/20] 06/30/201

Conductperformancesvaluationusingthe MEPDG, finite e

01/01/20109/30/201
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Phasdll — In-Situ ForensidnvestigatiorandParameteCh:

-
o

- Field forensicstudieswill beconducted

06/01/20( 09/30/201
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N

- Developfailure/performancenechanism$or eachprojectsi

08/01/02( 09/30/201

-
N

. Phasdll draftreport

08/01/02( 09/30/201

13.

PhasdV — Manualof ProfessionaPracticeandFinal Repi

14.

Themanualwill becompiled

01/01/20] 03/14/201

15.

A final reportincorporatingeachof the phases

09/30/20] 03/14/201

16.

TechnologyTransfermaterial

01/01/20]03/14/201

17.

18.

19.

20.
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Technical Advisory Committee Names Email Addresses

Mark Dunn,Sandra_arson,SteveMegivern,Todd Hanson lowaDOT

Kevin Merryman kevin.merryman@dot.iowa.go\
Mike Grazioli graziolim@michigan.gov
JohnStaton statonj@michigan.gov
MehdiParvini mehdi_parvini@dot.ca.gov
Brian Williams Brian.K.Williams@modot.mo.go
Georgendseary ggeary@dot.ga.gov
JimBrennan Brennan@ksdot.org

Lisa Lukefahr,Hun Chen HCHEN@dot.state.tx.us
JoshFreeman josfreeman@state.pa.us
Lydia Peddicord Ipeddicord@state.pa.us
LisaRold lisa.rold@fhwa.dot.gov
Last TAC Meeting Date | 02/09/2010

Pl Concerns, Problems, Needs, or No-Cost Extension Requests

Rollerintelligentcompactiordataobtainedirom the-29 projectfrom the Volvo machinehas
notbeenfully analyzeddueto a softwareissue. A solutionto the problemhasbeenidentified,
butis causinga delayto wrappingup the projectreport.lt is anticipatedhatthisissuewill be
resolvedduringthe nextquarter.

Project Progress To-Date and other Pertinent Information

Themainresearctactivitiesduringthis quarterinvolvedthefollowing [relatedresearchask
numberis in the parenthesis:

» Conductingaboratorytesting(characterizatiomndresilientmodulus)on samplebtained
from thefield projects[Task 7],

» Designingthelaboratorylargescalelateralflow permeametégTask7],

» Conductingforensicfield testingon lowa US30[Tasks9 and11],

» Conductingn-situ testdataanalysisfrom four field projects(Pennsylvani®&R-422 lowa
[-29, Michigan1-94, andPennsylvani®&R-22)andpreparingdfield projectreports[Tasks4, 5, 9,
and10],

» Reviewingpotentialprojectsitesin lowafor periodicperformanceesting[Tasks9, 10],

» Reviewingseasonalemperaturezariationdatain pavementoundationlayerson several
projectsitesin lowa[Tasks9 and10],

» Schedulingafollow-up field trip to the Pennsylvani&R-422project[Tasks4, 9, and10],

» Schedulingorojectsfor summer2010testingin lowa, California, Michigan,Pennsylvaniaand
\/icscansinlTacked 5§ 9 and101
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	PI Concerns Problems Needs or NoCost Extension Requests: Roller intelligent compaction data obtained from the I-29 project from the Volvo machine has not been fully analyzed due to a software issue.  A solution to the problem has been identified, but is causing a delay to wrapping up the project report. It is anticipated that this issue will be resolved during the next quarter.  
	Project Progress ToDate and other Pertinent Information:  The main research activities during this quarter involved the following [related research task number is in the parenthesis]:
• Conducting laboratory testing (characterization and resilient modulus) on samples obtained from the field projects [Task 7], 
• Designing the laboratory large scale lateral flow permeameter [Task 7],
• Conducting forensic field testing on Iowa US30 [Tasks 9 and 11], 
• Conducting in-situ test data analysis from four field projects (Pennsylvania SR-422, Iowa I-29, Michigan I-94, and Pennsylvania SR-22) and preparing field project reports [Tasks 4, 5, 9, and 10],  
• Reviewing potential project sites in Iowa for periodic performance testing [Tasks 9, 10], 
• Reviewing seasonal temperature variation data in pavement foundation layers on several project sites in Iowa [Tasks 9 and 10], 
• Scheduling a follow-up field trip to the Pennsylvania SR-422 project [Tasks 4, 9, and 10], 
• Scheduling projects for summer 2010 testing in Iowa, California, Michigan, Pennsylvania, and Wisconsin [Tasks 4, 5, 9, and 10], 
• Adding new documents to the literature review [Task 3], and 
• Research team meeting on January 10, 2010 at TRB with Barry Christopher (consultant), Jeffrey Roesler (Univ. of Illinois), and Andrew Dawson (Nottingham Univ.).

Laboratory testing: Laboratory testing involved performing soil classification related tests (e.g., grain size distribution, Atterberg limits, Proctor tests, and specific gravity tests) on samples collected form field project sites, resilient modulus tests, and a preliminary feasibility study on mixtures of recycled aggregate + subgrade soils. 
Resilient modulus and quick shear tests were performed on 27 samples of recycled portland cement concrete (RPCC) aggregate base material obtained from the I-29 project.  The material had a maximum particle size of 1 inch. Resilient modulus testing on 4 inch diameter samples required using material only passing ¾ inch materials. Testing was performed on material with the actual gradation and also on 100% material passing the ¾ inch (material retained on ¾ in was scalped and replaced) for comparison. Additionally, composite samples consisting of recycled PCC base and reclaimed asphalt subbase material (also obtained from the project) were also tested.  The results are currently being analyzed and will be included in the I-29 project report. Samples from the Pennsylvania SR-422 project consisting of injected light weight foam + aggregate, injected light weight foam only, and aggregate only were tested for resilient modulus and quick shear. The foam + aggregate mixture and foam only samples were obtained from the project site during the foam injection process. Computerized axial tomography (CT) scanning is being conducted on the foam + aggregate mixture and foam only samples. The results are currently being analyzed and will be included in the SR-422 project report. 
RPCC base material obtained from the Iowa I-29 project was mixed with western Iowa loess at various percentages of dry weight of loess from 0 to 100% (at increments of about 10%), to measure the changes in density and shear strength of the mixtures. The objective of this study was to evaluate the feasibility of on-site mixing of RPCC materials with the subgrade materials to provide adequate foundation support for pavements.  All the samples were compacted using a gyratory compactor. The change in density with increasing number of gyrations was assessed by monitoring changes in the height of the sample during gyrations. In addition, a pressure distribution analyzer (PDA) was included in the gyratory compactor to monitor the change in the applied shear stresses on the sample during gyrations. After compaction, the samples were extracted to perform laboratory unconsolidated-undrained (UU) tests. The results of this study are being analyzed and will be included in the I-29 project report. 

Laboratory large scale lateral flow permeameter:  The current laboratory permeability test setups (that are available commercially for constant head and falling head methods) have relatively low outflow capacity and are not suitable for most granular base/subbase materials. As an alternative, a large scale aggregate compaction mold permeameter built at Iowa State University in 2003 which uses larger sample size (12 in diameter x 12 in height) with high flow capacities was used for some materials. However, a disadvantage with this device is that it uses relatively large head levels (head > 1 ft) for testing, which are not representative of conditions encountered in the field.  To overcome these obstacles, it was decided that a new large scale lateral flow permeameter need to be constructed.  The device will allow testing with head levels varying from 1 to 6 inches. The permeameter is of dimensions 40 in. x 18 in. x 12 in. (L x W x H) and is designed to be self-contained with a de-aired water storage tank supply, a sediment collection tank at the water outlet, and other plumbing required, on a mobile cart. The permeameter is designed to be instrumented with pressure transducers at various heights and at various points laterally along the permeameter to monitor water flow movement. The device setup is anticipated to better simulate hydraulic lateral flow (and transient flow) conditions that occurs in the pavement drainage layers and provide conclusive information on drainage capacity for the full range of pavement foundation materials. Fabrication of this device is underway and will be completed early next quarter. Testing will be conducted on a wide variety of granular base/subbase material samples collected from the field project sites with composite pavement drainage layer configurations (i.e., including both subgrade and subbase/base layers). An added advantage of this device setup is that the in-situ air permeameter test device used in our field testing can be directly used on the samples in this setup to obtain direct comparisons. 

Forensic field testing on Iowa US30: A forensic field investigation was conducted on February 26, 2010 on US highway 30 between Ames and Boone, Iowa which showed severe joint deterioration and vertical heave at the joints. The pavement surface consisted of an asphalt overlay over PCC, which is underlain by an asphalt treated base (ATB) layer. The original PCC pavement and ATB layer were constructed in 1973. The asphalt overlay was constructed in 1992. Pavement condition index of the study locations was rated at about 55 on a 0 to 100 scale (0 representing poor and 100 representing excellent condition). Significant discomfort to drivers, several instances of damage to vehicle tires, and severe snowplow blade contact problems were reported by the Iowa DOT.  4 inch and 10 inch core samples of the overlay, PCC, and ATB layers were obtained at one joint location and at one mid slab location. Coring was performed using air jetting technique – no water was used. Obtaining intact core samples from joints was not possible as the materials were severely deteriorated. Some ice lenses were noticed on the interface of the overlay and PCC layers.  Standing water was observed above the ATB layer in the core cavities and the ATB layer appeared impermeable. A reinforcing dowel was seen in the 10 inch core cavity which showed surface corrosion but had good structural integrity. Each layer was separated and carefully bagged/sealed and returned to laboratory for moisture content tests. Vertical heave profiles along the pavement alignment were measured at four joint locations. Results indicated a maximum heave at the joints in the range of 0.5 to 1.5 in. A memo report summarizing the field testing and results is being finalized.

Data analysis and project reports: A brief overview of the field projects is provided in the last quarterly progress report. The data analysis on the Michigan I-94 and Pennsylvania SR-422 projects is close to completion. The research team is currently working on finishing up project data reports which will feed information into the Phase I report. As indicated above, roller intelligent compaction data obtained from the I-29 project has not been fully analyzed due to a software issue.  A solution to the problem has been identified and is anticipated that this issue will be resolved during the next quarter. Analysis on Pennsylvania SR-22 project is under way. 

Pavement performance testing: Several potential state highway sections in the north central Iowa have been identified for periodic performance monitoring testing, i.e., approximately once every month for the next three years.  The life of pavement sections in the selected areas varies from 10 to 30 years with and without asphalt overlays. Testing will involve conducting non-destructive falling weight deflectometer (FWD) testing on the pavement surface, and dynamic cone penetrometer (DCP) testing in the foundation layers, and obtaining pavement surface elevation profiles approximately every month for the next three years.  The ISU research team is currently in the process of acquiring proper traffic control equipment and will work closely with Iowa DOT personnel for completing this task. 

Seasonal temperature variation monitoring: Four project sites in Iowa have been identified which have temperature sensors previously installed by the Iowa DOT to monitor seasonal variations in the pavement foundation layers. Reportedly, the data is being obtained at every 6 inch intervals beneath the PCC surface layer up to 6 feet depth. The time interval of acquiring this data is 10 minutes. These projects are located on US60 near Sibley (northwestern Iowa), US63 near Ottumwa (southeastern Iowa), and US30 near Ames (central Iowa). The ISU research team is currently working with the Iowa DOT to obtain the data that has been recorded so far and will continue to monitor the data over the course of this project.   

Field testing scheduling: Testing on SR-422 project last fall involved conducting FWD testing soon after the pavement base layers were stabilized (with injected light weight foam fill). Follow-up testing on the project is scheduled for April 27-30, 2010 to assess the influence of the last spring/thaw cycle. A field project on I-96 in Michigan has been identified and the ISU research team is scheduled for field testing during May 2010. The ISU research team is in contact with the Wisconsin and California DOTs in finalizing project sites a schedule for summer field testing. A pre-cast PCC project near San Francisco, California is a potential project site for testing. 

Literature review: An outcome of the literature review will be an annotated bibliography of key references. The literature review topics identified during the research team meeting (dated June 26, 2009) have been updated. The updated topic areas are as follows:

1. Foundation layer construction (equipment and methods) (include state-of-the practice and state-of-the art)
2. Specifications (method, end-result, performance)
3. Foundation layer design input parameters and testing/instrumentation/database/ empirical models required to determine the parameters (for natural, recycled, and stabilized layers)
4. Uniformity of pavement foundation layers (include statistical methods to quantify uniformity, case histories documenting variability in-situ, and other aspects such as design, transfer functions, construction, property changes with time, and performance)
5. In-situ QC/QA testing (to measure moisture content, density, strength, stiffness/ modulus, and permeability characteristics of foundation layers)
6. Moisture regime changes in the foundation layers and its sensitivity on mechanistic parameters – impact on performance (Discuss effects of freeze/thaw, ground water fluctuations, etc.)
7. Relationships between strength/density/ permeability
8. Pavement Subsurface Drainage Systems – Design and Construction
9. Geosynthetics/geomembranes/separation layers
10. Rehabilitation/Recycling/Sustainability
11. Effects of Erosion/Pumping on performance
12. Effects of Climate Change
13. Economic analysis tools for foundation layer materials and construction
14. Long-term pavement performance monitoring/evaluation case histories
15. Reliability aspects in pavement design

Authors and reviewers for some of these literature review topics have been identified. ENDNOTE software has been acquired to organize the literature and prepare annotations. Significant progress has been made in collecting relevant literature. But, progress has yet to be made on completing the annotations. 

Research team meeting:  The research team meeting on January 10, 2010 at TRB with Barry Christopher (consultant), Jeffrey Roesler (Univ. of Illinois), and Andrew Dawson (Nottingham Univ.) identified some focus areas for field research and data analysis.  Additional meeting is planned for the next quarter.

Main emphasis for next quarter:  
Following will be the main emphasis for the next quarter:
• Complete data analysis for the field projects; develop project reports for TAC review and comments. 
• Complete the annotated bibliography and submit a report to TAC for review.
• Develop experimental plans for field testing in California and Wisconsin.  
• Conduct field testing on the Michigan and Pennsylvania field project sites. A cementitious grout stabilization section is planned on the SR422 project in Pennsylvania. The ISU research team will plan for a field testing as soon as the schedule is finalized. 
• Review previous and current ongoing M-EPDG sensitivity studies. 
• Conduct a research team online meeting for project updates.
• Finish phase I report. 
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