TPF-5 (443) Density Profiling System “Virtual” User Group Peer Exchange 

Meeting Summary Report
November 9, 2021

PURPOSE 

This series of meeting summary reports are intended to give density profiling system (DPS) stakeholders easy access to pertinent information of a 2.5-day event, including a TPF-5 (443) Project Update, Peer Exchange, and Vendor Update.  The content is linked throughout to allow for access to more detailed information in sections where the reader is especially interested in the subject matter.  The goal of the day 1 event summarized in this document was to give a TPF update on the workplan progress and highlight important findings to date. Attendees shared and discussed topics of interest including DPS standards developments, questions, and challenges focused on moving towards the use of DPS for asphalt pavement density acceptance, and other topics of interest that came up.


Attendance was taken from the MS Teams Meeting participants list (see Appendix B.1 and Appendix B.2). The webinar attendance was generally 90 individuals at any given time over the course of two days. 


[bookmark: _Hlk83983665]DAY ONE - November 9, 2021 Team’s Meeting 11:00 to 4:00 PM EST

INTRODUCTION

Glenn Engstrom welcomed the group and opened the meeting video Here

Glenn mentioned that this has been a great effort and wanted to thank FHWA and others to help move this technology forward.  This and intelligent construction technologies have been some of the most exciting efforts he’s been a part of.  Glenn used a hypothetical conversation with a neighbor or member of the general public as an example to help us keep the value of this effort in perspective.  He also drove home the point that we need to make sure we are not holding new technology to a standard that is higher than the existing methods  Every year we don’t implement these new technologies we are losing potential to bring more value with the limited resources we are given.  

PRESENTATIONS

Please see a summary of linked presentation slides located here: DPS Pooled Fund Website

Presentation 1 (11:10am – 11:40am): TPF Workplan Progress and Update, Shongtao Dai (MnDOT)

· Shongtao Dai’s presentation slides can be downloaded here: Workplan Update
· Shongtao Dai’s presentation recording can be watched Here

Shongtao Dai provided an overview of the Workplan progress by task development. This included tasks completed, in-progress, tasks yet to be started, and changes made to better the technology. 


Task 1: Software and Hardware Improvements

1. GSSI: Tasks 4, 9, and 10 are done
a. Task 4: Data Calculation Improvements
b. Task 9: Daily Analysis and Reporting
c. Task 10: Failure Indicator
d. New PaveScan 2.0 version released June 2021
2. Remaining Tasks: Task 2, 3, and 5 (December 2021)
a. Task 2: GPS Processing Improvements
b. Task 3: Data Management Improvements
c. Task 5: Precision and Accuracy
Task 2: Development of AASHTO Data Collection and Analysis Specification

1. Updated field data collection and puck calibration training videos using 2.0 workplan
2. Developed field data collection specification
3. 2021 Summer: Hired 2 Contractors 
a. Ulland Brothers: Rented a DPS
b. Mathy: Their own DPS
c. Feedback: 
i. Like real-time density display
ii. Good potential and as future acceptance tool
iii. More beneficial if every roller has DPS
iv. Safety concern: long time exposure to live traffic
v. Turnaround time for equipment replacement
4. Developing Contract with University of New Hampshire 
a. Statistical analysis on collected data to make recommendations on current field data collection and laboratory testing protocols
i. Core verification bias
ii. Acceptance criteria
b. UNH working on NCHRP IDEA project
i. Develop a laboratory procedure for determining the bulk specific gravity of compacted asphalt specimens using dielectric constant measurements
Tasks 3 & 4: Precision and Bias Statement and Equipment and Operator Certification (NCAT)

1. Dr. Fabricio Leiva will give an update
2. Minimum Lift Thickness
3. Equipment and Operator Certification
a. Follow AASHTO R 56-14 
b. Baseline: conducted nuclear and non-nuclear gauge tests
c. Developed preliminary acceptance scores for accuracy
d. Excel Spreadsheet will be developed
4. Precision and Bias Statement
a. Follow ASTM E691 
Task 5: Support Communication

1. Monthly meeting with FHWA/on-site visit
2. Face to face meeting next spring
3. Moving forward: Technical Working Group meetings every 2 months 
a. Developing a contract to CTC to organize, facilitate the meetings & develop technical brochures
Task 6: Provide Training and Technical Assistance

1. Continue to provide online assistance
2. Online training
3. FHWA mobile lab: loan program and provide training
Task 7: Promote Technology

1. FHWA mobile lab loan program
2. Presentations
3. Continue to promote to contractors
4. Moving forward: CTC & UNH to develop brochures and process flowchart
5. Timeline and Budget:
a. A 3-year project: Jan. 2020 to Jan. 2023
b. Total received funds: $1,136,500

Presentation 2 (11:40am – 12:40pm):  TPF Website Update, Current DPS Protocols (Draft AASHTO Spec), Kyle Hoegh (MnDOT)
· Kyle Hoegh’s presentation can be downloaded here: Protocol Development 
· Kyle Hoegh presented data that can be downloaded here: DPS Coverage
· Kyle Hoegh’s presentation recording can be watched Here

Kyle Hoegh gave a brief overview of the changes made to the workplan, including a live workplan progress report. He provided tools for data analysis and where these items can be found on the DPS pooled fund website. 

Workplan

Training on YouTube

Analysis Tools which include:

1. Dielectric to Density Conversion and Accuracy
2. Sensor Consistency
3. Summary Analysis
4. Test Protocol Determination
After this brief overview, Kyle Hoegh continued with a presentation on DPS protocols

1. Goal: Specify type of equipment that has acceptable DPS surface reflection dielectric calculation precision/accuracy
a. Challenge: ensure correct equipment is used
b. Doesn’t specify necessary field use requirements
c. Draft AASHTO PP 98-19 specification is published
2. Goal: Specify the type of data that is collected by DPS in the field for use in Density Acceptance in the future
a. Challenge ensure equipment is used correctly to obtain data that can be applied to agency specific density acceptance criteria 
b. Specifies protocols to obtain reliable density information, not a specific density acceptance criteria
3. Draft data specification used for 2021 data collection by 2 MN contractors
a. Ensure sensors are consistent throughout day and project
b. Ensure dielectric to density conversion is accurate for the full range of field densities and potential mix changes
c. Ensure routine collection used for acceptance evaluation is collected correctly and with necessary coverage
d. Ensure necessary data is transferred in a timely manner
4. Deliverables 
5. Compact Spec that references the following details
a. DPS Protocols – Chapter 2 – e to AV% conversion
b. DPS Protocols – Chapter 3 – DPS Pre and Post paving procedures
c. DPS Protocols – Chapter 4 – Field Q and A
6. Pre-paving Information – provide agency with planned tonnage, start/stop stationing, and other information necessary to run random core location generator prior to paving. 
7. Field Data Description – provide agency with necessary supporting information for field collected DPS dielectric data (much of this is streamlined in existing software to reduce manual data entry requirements of the user)
8. Field calibration data – provide agency with documentation of the results and timing of the most recent metal and air calibration applied when calculating the reported dielectric values (this is automatically tracked in existing DPS software).
9. Field Dielectric quality check data – provide agency with dataset and corresponding documentation of periodic dielectric quality check datasets designed to allow the agency to evaluate the quality of the quality dielectric data
10. Field routine dielectric data – provide agency with dataset designed to sasses the overall mat and joint compaction level.
a. All measurement passes shall be conducted with a 3 sensor arrangement at the vendor specified height and 1.5’ spacing
b. These sections are further categorized into centerline joint and mat categories 
11. Field core accuracy check data – provide agency with dielectric measurements at agency-determined mat locations that will be cored and measured for air void content. Theses measurements are designed to assess the accuracy of the DPS air void assessment.
12. Field GPS accuracy check data – provide agency with static GPS coordinates from the DPS device at agency specified locations
a. Chose core locations since static measurements taken anyway with GPS 
b. Contractor passed but getting correct format of GPS string to output into DPS proved difficult
13. Laboratory data description – Submit information corresponding to the laboratory collected dielectric data
14. Laboratory dielectric data – submit dielectric measurements of laboratory compacted specimens fabricated at the range of air void contents specified
a. Measurement of top, rotate 90 degrees, and bottom
b. Consistent cure from day to day (especially low and medium voids) unless large change in mix
15. Advantage over traditional way:
a. Non-destructive
b. Can ensure full range of air voids to develop conversion from dielectric to density
c. More stable dialectic measurement than surface reflection field measurement: higher precision and covers entire thickness
d. Easily integrated into the laboratory process
i. Minimizes field operation disruption
ii. No additional staff (tech who gyrates pucks tests pucks for dielectric before dunking)
e. Has potential value beyond DPS for monitoring mix property changes
16. Timing requirements – collect data at the required timing after the final roller compactor pass and prior to trafficking and submit data within 4 days of data collection but ideally prior to paving the next day as defined in more details in item 10
a. Data collection timing and data transfer requirements vague to reduce contractor risk
i. Ideal: directly behind final roller with no visible surface moisture (only possible way on partial closure)
17. Contractors want to know plans moving forward
a. Would like to pay for data by section to give incentive for contractors to figure out how to efficiently collect data (golf cart or other)
b. Research and Pavements need to meet internally to determine exact data specification we need
18. Routine collection challenges
a. Same day collection behind the roller
i. 14 hour days plus setup and putting the equipment back
ii. A lot of down time waiting for roller
b. Day after collection is not feasible
19. Core accuracy check challenges
a. Day after paving isn’t good
b. Marking and test during collection is ideal
20. Puck testing 
a. Going well, but would like to reduce what is required in future
21. Safety aspect is the most important factor
a. Full closure was more comfortable for data collection than partial closure with moving traffic
22. Equipment needs to be more rough and field testing proof (throwing in back of truck)
a. Collected about 250 miles of data and one wheel was about ready to fall off
b. Example of need: equipment arm broke
c. Need better support
i. Should be treated like pavement equipment not testing equipment if used for acceptance 
ii. Suggested partnering with construction company like Caterpillar or Topcon
d. Minimize Exposure by minimizing passes
i. Could probably still do 3 passes if golf cart mounted


Presentation 3 (12:40pm – 1:00pm): UNH Workplan, Jo Sias, Eshan Dave, and Anh Tran (UNH)

· Jo Sias, Eshan Dave, and Anh Tran’s presentation can be downloaded here: UNH Workplan 

· Jo Sias, Eshan Dave, and Anh Tran’s presentation recording can be watched Here 

1. TPS 5(443) Continuous Asphalt Mixture Compaction Assessment using Density Profiling System:
a. Protocol Review, Statistical Analysis, and Technical Brief Development Workplan
b. Jo Sias, Eshan Dave and Anh Tran – University of New Hampshire
2. Motivation and Objectives
a. Substantial amount of data on field sections has been collected as part of the pooled fund effort
b. Data review and analysis to propose changes to current protocols  Routine implementation as a quality assessment tool
3. Objectives
a. Development of a master database of DPS field and lab measurements
b. Development/refine protocol for determining the relationship between dielectric values and density for a mixture
c. Recommended changes to the current DPS field measurement Protocols to account for sensor bias and data variability
d. Development of a data processing tool to process the field measured dielectric data gathered using the DIPS equipment
4. Task 1: Collection and organization of DPS data
a. Database development
b. Data quality checks
c. Statistical check on collected data (outlier analysis)
5. Task 2: Evaluation of Sensor bias for field dielectric measurements
a. Develop acceptance criteria and checks to address sensor bias
b. Using statistical testing of data from swerve, transverse line and other strategies
c. Outcomes to inform the field measurement protocol requirements
6. Task 3: Correlations between lab and field dielectric measurements
a. Correlate: field (surface reflection) vs. lab (time of flight)
b. Multilevel analysis: specimen, lot, project
c. Protocol on laboratory procedure for developing dielectric vs. density curves (number of measurements, number of specimens)
d. Leverage on-going NCHRP IDEA study
7. Task 4: Data variability analysis and measurement extent recommendations
a. Identify variable that can cause systematic differences (transverse vs longitudinal direction, joint vs. middle of mat, moisture, sensor height…)
b. Identify variables that require categorization prior to measurement and corresponding trigger points to require a core
c. Statistical analysis (moving window averaging) to propose necessary extent of coverage for QA process use
d. Required frequency of accuracy checks to validate calibration curve
8. Task 5: development of data processing tool
a. Formalize sensor bias detection, field data variability measures, accuracy check triggers into a single excel based tool
9. Task 6: Draft specification and implementation tools
10. Task 7: Final Report

Eshan Dave continued (Lunch break started at 1:00pm). See what you missed Here

11. NCHRP IDEA study: lab dielectric measurement system
a. Impact of the specimen geometry, asphalt mixture variables, and surface conditions on the measured dielectric constant
b. Repeatability of the measured dietetic constant in the laboratory
c. Refine the calibration procedure and methodology for laboratory measurement
d. Establish the relationship between laboratory measured dielectric
e. Etc.
12. Stage 1: Establish measurement reliability and draft test procedure
a. Task 1 and 2 complete
13. Stage 2: Develop relationship between dielectric value and bulk specific gravity
14. Extensive LDMS Testing
a. Total of 160 measurements collected at various orientations on both faces of each specimen – 5 measurements per orientation
15. Preliminary findings
a. As the air void content increases dielectric measurement decreases, and measurement variability for tested mixture type
b. Statistical analysis to study measurement repeatability at different orientations and among grouping measurements 


Presentation 4 (2:00pm – 2:40ppm): MnDOT Data Collection and Analysis, Kyle Hoegh (MnDOT)

· Kyle Hoegh’s presentation can be downloaded here: MnDOT Data Collection and Analysis
· Kyle Hoegh presented data that can be found here: 
· Data Handling,
· TH21 Data Summary,
· Core Validations,
· [bookmark: _Hlk90898505]Kyle Hoegh’s presentation recording can be watched Here


1. MnDOT Analysis: 2021 Collection Season
a. Hired 2 contractors to collect according to data specification
i. Mathy: Pay by the section with a DPS cart they own
ii. Ulland: Pay by the project with minimum acceptable coverage using rental DPS
b. 4 Projects (TH21 – 13 days, TH60 – 2 parts, total 27 days, TH30 – 6 days)
i. Last year: 6 projects with puck fabrication
c. 46 production days with Core Accuracy Checks
i. Last year: 30 unique production days
d. > 300 pucks fabricated and tested 
i. Last year: 78 pucks fabricated and tested
e. > 600 dielectric results
2. Data Consistency Check
a. On-Site Result: Swerve
b. On-Site Result: Line Test
c. Season results: continued last years trend of highly consistent sensors
i. Last year: little to no bias between sensors on average
ii. This year only required consistency check every 4000 ft. or 4 hours whatever comes first
3. Dielectric to Density: Core Accuracy Check
a. Puck conversions continue to be very stable day to day
i. Small day to day variation if no significant changes in mix
ii. Able to detect large mix changes
b. 2021 Results: continued last year’s trend of mostly good agreement
i. Still some worrisome days with bias between field and pucks
ii. Contacted GSSI with issue: initial investigation has no “smoking gun”
iii. More detailed investigation with UNH involved
iv. Plot showing bias spanning a set of 18 paving days from TH60 exhibiting the bias
v. Finding the root cause of this bias is the goal of the investigation
vi. A sub-sample from 9 paving days was chosen. The sub-sample consists of 3 different observed scenarios
c. Potential sources of error or bias: magnetic susceptibility
i. Granite with magnetic susceptibility of 0.02 and dielectric of 5.5
ii. Material bias needs to be evaluated 
d. Moisture presence
e. Use of Puck thickness that is consistently too high or low
i. Thickness gauge shows no significant thickness error in gyratory readout
ii. Some variability in high voids
iii. Precise puck thickness equipment shows generally good agreement with gyratory readouts
f. Effect of Temperature
i. Sensor internal 
ii. Pavement surface
iii. Puck temperature
iv. Increase in dielectric per change in temperature approximately 0.1 dielectric per 100 degrees F
v. Not significant enough to explain difference
g. Effect of Sensor height: highly variable if deviated from height at metal plate calibration
h. Effect of surface texture: potential segregation?
4. Density Assessment – Defect Detection
a. “PWL” – Actually percent conformance


Presentation 5 (2:40pm – 3:10pm): MATC and Turner Fairbanks Updates, Hoda Azari, Leslie Myers, and Prashant Ram (FHWA)

· Hoda Azari’s presentation can be found here: Turner Fairbanks Update 

· Hoda Azari’s presentation recording can be found Here


· Prashant Ram’s presentation can be found here: MATC Update 

· Prashant Ram’s presentation recording can be found Here


1. Density Profiling System – Research Efforts of the FHWA’s non-destructive evaluation (NDE) Lab
2. Summary of activities
a. Laboratory assessment
i. Investigating the effect of temperature on the DPS result
1. Results demonstrated that temperature does not play a significant role on the dielectric constant
b. Field testing
i. Used the following DPS field testing procedures
ii. Fabricated puck samples using plant mixed materials collected form the back of the finisher on each day of paving
iii. Developed the calibration curve using laboratory samples
c. Data analysis
i. Compared the performance of different calibration curves on field datasets
ii. Proposed a new calibration curve 
iii. Performed bias analysis using model cross-validation technique
d. Meetings
i. Participated in several meeting and webinars to promote DPS technology
ii. Held monthly peer exchange meetings with MnDOT
3. Proposed Research Activities
a. Investigating the impact of aggregate source and gradation on the dielectric
b. Investigate the application of DPS technology for warm mix asphalt and mixes prepared with recycled materials
c. Identifying a time window for field measurements…
4. Dielectric Profiling Systems
a. MATC equipment loan program update
5. DPS support program through FHWA MATC
a. Provide technical assistance, training sessions, and field demonstrations
b. Develop briefing reports documenting the loan experience
c. Develop DPS “Quick Guide” to accompany each equipment loan
d. Provide support and outreach to asphalt pavement stakeholders
6. FHWA
a. Leslie Myers
b. Steve Cooper
c. Monica Jurado
7. DPS Demonstrations: Participating agencies
a. South Carolina DOT – Feb 2021
b. Missouri DOT – Mar 2021
c. Massachusetts DOT – Jun 2021
d. Wisconsin DOT – July 2021
e. Arizona DOT – Sept 2021
f. In-person events included virtual access
8. Pre-Training checking
a. Equipment receipt and condition check
b. Review basic assembly
c. Confirm DPS functionality
d. Review training agenda
9. Training
a. DPS Basics
b. Equipment setup, calibration, and validation
c. Mix calibration
d. Field data collection procedures
e. On-site equipment operation
10. Initial lessons learned from Demo
a. Nighttime testing is a challenge
b. DPS testing is initially a two-person operation
c. Typically, quick learning curve for field testing
d. Typically use DPS on low-traffic-volume project to become familiar with testing process before using it on larger, time-sensitive projects
e. Plan testing details ahead of time based on work zone setup and time available on site (testing pattern, software setup)
f. More training is needed to understand DPS software configuration
g. More info needed on testing after rain events
h. High accuracy GPS unit is a necessity for most agencies
i. Puck calibration is in development, but some agencies will rely on field cores to assess dielectric-density relationship
j. Robust modeling of density from dielectric uses dataset whose samples have a wide range of air void contents
k. Overall comparative agreement between data from electrical gauge measurements and DPS 



Presentation 6 (3:10pm – 3:55pm): NCAT Workplan Progress Update, Fabricio Leiva (NCAT)

· Fabricio Leiva’s presentation can be found here: NCAT Workplan 
· Fabricio Leiva’s presentation recording can be watched Here


1. Continuous Asphalt Mixture Compaction Assessment using DPS
2. Tasks 1: Pavement Thickness Effects on DPS
a. Asphalt Concrete (AC) slabs used
i. Originally 12 AC slabs
ii. Two mixutres: 9.5 & 19 mm NMAS
iii. Three thicknesses per mixture
b. 4 core locations per slab
c. 3 sensors with 3 replicates in static mode
d. 2 target Air voids:; 3% and 12%
e. 3 thicknesses: 1, 2, 3 inches
f. 3 base materials: steel – 100, concrete – 6.098, AC-1 – 4.840, AC-2 – 5.497
g. For slabs with thickness > 2 in. material beneath AC slab does not affect readings
h. Action Items
i. Re-test all cores of first slabs
ii. Core and test samples from second round of slabs
iii. Prepare 4 more slabs (plastic and rubber – dry process)
3. Task 2
a. Certification scores
i. Development of Accuracy and repeatability scores similar to Inertial profilers (AASHTO R-56)
ii. Used artificial profiles and ME modeling to evaluate the effect of profile “errors” on performance
iii. Scores using Root Mean Square Percent Error…
b. Threshold agreement score
i. Accuracy: an agreement of above 92 is required. Less than 10% error
ii. Repeatability: an agreement of above 94 is required. Less than 5% error
c. Action items
i. Field verification of the proposes scores 
ii. Development of excel application
4. Task 3: Precision and Bias statement
a. Asphalt Concrete (AC) pucks
b. DPS testing was conducted on each puck 
c. Field testing 
i. 17 test track sections (8 for statement)
d. Assessment of agreement and concordance
i. Concordance correlation coefficient (CCC)
ii. Total Deviation Index (TDI)
iii. Coverage Probability (CP)
e. It is statistically proven that you can replace sensors with other sensors
f. Laboratory Statements
i. 6 Sensors and 3 Operators
ii. Followed ASTM E691
iii. Met h- and k- consistency statistics
5. Field testing
a. 17 sections built at the NCAT TT
b. Performed
i. Lab testing and correlation
1. On most cases prepared 4 samples
2. Prepare medium-high air voids puck by removing between 100 to 400 grams
ii. HDPE verification
iii. Line consistency verification
iv. Swerve Consistency Verification
v. Full Coverage
c. Field statements
i. 6 sensors, 8 sections
ii. Joint effect
iii. Followed ASTM E691
iv. Met h- and k- consistency statistics
d. Action items
i. Add puck test results from MnDOT
ii. Add more labs to the round robin?
iii. Assessment of agreement and concordance to ALL sensors
iv. Update lab correlation curves with core results
v. Analysis of full coverage and swerve results
6. Project schedule
7. Preliminary conclusions



3:55pm – Wrap up

[bookmark: _Hlk84582256]
Questions and Comments (including chat comments)

1. What is the magnitude of difference between the GPS location and the actual static location of the metal strip?
a. Good question Mustafa. Dai can expand if he wants, but so far we've checked GPS accuracy at core locations (also marked with GPS by agency) and observed very good results. Within 2 in. accuracy, most of the time better, but it is a function of the GPS you are using and how you get your GPS fix. We get RTK from our MnCORS network and stream that into the DPS equipment that way
2. Does number 4 of task 1 have something to do with the thickness of the upper layer?
a. Ulrich, yes top layer thickness. NCAT is looking at effect of lift thickness and underlying material to see if the software fix works.
b. Just one thing to add: the contrast of dielectric constant between the 2 materials is also important. The amplitude of reflection is high if the contrast is high. 
3. What groups are planned to be involved in the technical working group?
a. Great question Lorin about who will be involved in these important meetings! We are planning on opening it to anybody who has interest, including champions for specific challenges. This will be discussed between 3 PM and 4 PM ET tomorrow!
4. Surface Reflection Based vs. Velocity Based. Are both giving the same value? In what extend?
5. One link to a lot of the Great DPS, New Technology. Nice Job Kyle and Dai !!
6. I have found the website very helpful and understandable. Great job!
7. Does the final location of the website remain within the MNDOT domain? (Post pooled fund)
a. We will be able to keep the website live until a more permanent location is determined – which may end up being the MnDOT domain
8. Great presentation, answered questions before I could ask.
9. From experience on the demo projects, where curve shifts occurred that were assigned to plant/mix changes, were they asphalt content (Av) or bin split or type of aggregate changes?
a. Aggregate changes, which causes large changes in Dielectric results
10. Great point to recognize effect of geological differences in aggregate.
11. Your work will add value to the future direction of DPS, Thanks Eshan and Team
12. What is the thickness of the pucks you are testing? Are they all the same thickness?
a. we are testing multiple thicknesses
b. As low as 2” to much higher
13. Are you varying specimen temperature when testing
a. Anh is just starting the testing on different thicknesses. Preliminary data has shown they're similar to the 120mm baseline we've been testing
b. all at room temperature
14. Lunch Break


15. What could affect the consistency of the sensors so that we have to check every 4 hours or every 4,000-ft?
a. Ulrich, for field data collection, cell tower signal and sensor height to the ground could affect the 3 sensor consistency. 
b. Regarding "What could affect the consistency of the sensors so that we have to check every 4 hours or every 4,000-ft?" It can be a multitude of things. In the past things like bad internal temperature calibration, or sensor "drift" has occurred. Fortunately, this has improved greatly over the last couple years and we may be able to relax the consistency check frequency in the future if this trend continues. 
16. What drives the 100-ft sections analysis for density within specs? Shouldn't be 150-ft to align with other technologies such as pave scan or IC?
17. Just to clarify about surface drying advice Prashant mentioned I gave: If testing when mat is hot (~140-150 deg), when the moisture evaporates it is okay if the surface is visibly dry in our experience. But if testing day after even moisture from night before that appears dry seems to shift dielectric higher and is not recommended.
18. the MATC also had demonstrated the DPS at two of our site visit projects this year. With Vermont AOT in June 2021 and with North Dakota DOT in September 2021
19. Would a pavement reinforcement fabric underneath the asphalt layer being tested be of concern?
20. did i hear correctly? a minimum of 2" HMA lift thickness for accurate dielectric
a. Important clarification to make, thanks Dale! I'll let Fabricio expand on his findings, but my understanding is that anything over 2" HMA lift thickness is no issues for sure. If less than 2" you still should be okay, but it depends on the underlaying layer dielectric difference. It looked like even 1.1" or 1.7" HMA thickness cases were fine as long as on top of asphalt, even if underlying asphalt has different dielectric properties within about 0.6. 
b. We are testing on top of 2” of HMA there is no concern, if the below surface is significantly different from HMA be cautious for thinner than 2” 
21. If we pave a 3inch surface HMA in 2 lifts of 1.5 inches. Are we measuring the 3 inches surfaces using the surface reflection or are we measuring the 3 inches?
a. The DPS will measure the dielectric of the top lift only. Mostly top 1" is of influence. 
22. Kyle, we use an open graded interlayer at times for crack mitigation. That layer is meant to have more air voids. If the layer we put directly on top of the interlayer is less than 2", could we possibly have issues with accuracy since the layer below has so many more air voids?
a. Again, I’ll just provide my two cents and defer to Fabricio, but my understanding from his results. If the reinforcement is over 2" below surface you are good for sure. Less than 2 in. depends on dielectric difference.
b. Ahh, looks like you already followed up and already know you are good to go if over 2". As you eluded to, it will depend on the dielectric contrast, which probably needs to be evaluated empirically, to see if as you said there is enough "voids" or difference in the mat dielectric properties to affect it. 
c. Jacob, maybe you can measure dielectric constant of the interlayer first before construction. So, you have an idea on the dielectric. As Fabricio stated, if the contrast of dielectric constants between the surface HMA and the interlayer is within about 0.6 (still needs to verified with more slab as he indicated), you should be fine. 
23. Did you use AASHTO T 166 or T 331 for measuring air voids?
a. We used both, higher air voids works better with Corelok
b. I believe T 166 is only valid for absorption less than 2% (higher air voids typically equate to higher absorption)
24. Instead of eliminating high air voids for setting precision limits have you used coefficient of variation. COV is appropriate if error is related to magnitude of parameter.
a. Did not observe any trends and decided to stick with SD 
25. All, has any work been done with slag sand mixes regarding dielectrics and variances? Is there signal degradation with mixes with slag? If so, is there a typical bin threshold of how much slag in a mix before it adversely impacts DPS results?
a. We have not tested that mixture type. Just as speculation, that would cause different results.






Appendix A: Peer Exchange Agenda



Day 1:  November 9th, 2021 (All times Eastern)
	Start Time (ET)
	Subject
	Presenter(s)

	11:00
	Agenda Overview and Purpose of Meeting
	Shongtao Dai (MnDOT)

	11:10 am
	Welcome and Opening Comments
	Glenn Engstrom (MnDOT)

	11: 15 am
	Update on the TPF Workplan Progress
	Shongtao Dai (MnDOT)


	11:40 am
	TPF Website Update – Live Progress Report and Analysis Tools 
	Kyle Hoegh (MnDOT)

	11:55 pm
	Current DPS protocols (Draft AASHTO Spec)
	Kyle Hoegh (MnDOT)

	12:40 pm
	Protocol Review, Statistical Analysis, and Technical Brief Development Workplan 
	Eshan Dave (UNH), presenter
Jo Sias (UNH)
Adam Hand (Consultant)

	1:00 pm
	Lunch and Catch Up on Emails
	

	2:00 pm
	MnDOT Data Collection and Analysis
	Kyle Hoegh (MnDOT)

	2:40 pm
	MATC and Turner Fairbanks Updates
	Leslie Myers (FHWA)
Hoda Azari (FHWA)

	3:00 pm
	CTC Associates Introduction
	Brian Hirt (CTC)

	3:05 pm
	NCAT Workplan Progress Update
	Fabricio Leiva (NCAT)

	3:50 pm
	Day 1 Wrap-up and Discussion
	Shongtao Dai (MnDOT)

	4:00 pm
	Adjourn Day 1
	




Day 2:  November 10th, 2021 (All times Eastern)
	Start Time (ET)
	Subject
	Presenter(s)

	11:00 am
	Day 1 Recap
	Kyle Hoegh (MnDOT)

	11:10 am
	2021 State Data Collection 
(25 minutes each)

	New York DOT – Thomas Kane Ohio DOT – Craig Landefeld
North Dakota DOT – Jon Stork

	12: 25 pm
	Open Discussion – State Updates
	Pooled Fund and MATC States

	1:00 pm
	Lunch and Catch Up on Emails
	

	2:00 pm
	2021 Contractor/Consultant Perspective
(20 minutes each) 
	Matt Oman (Mathy)
Bryce Wuori (Wuori Construction)

	2:40 pm
	Contractor/Consultant Open Discussion
	Mitch Froehlich (MN), Advanced Testing (NY)

	2:50 pm
	Implementation Planning Workshop Summary and Recommendations
	Steve Cooper (FHWA)

	3:00 pm
	Use of DPS for Acceptance 
(challenges and potential solutions)
	Dennis Dvorak (FHWA)
Kyle Hoegh (MnDOT)

	3:30 pm
	Open Discussion (Identify potential TWG topics volunteers for quarterly 2022 meetings)
	Kyle Hoegh (MnDOT)
Shongtao Dai (MnDOT)
Brian Hirt (CTC) 

	4:00 pm
	Adjourn Day 2
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