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Continuous Asphalt Mixture Compaction Assessment using Density Profiling System (DPS)

Name of Project Manager(s): Phone Number: E-Mail
Kyle Hoegh 507-398-2669 Kyle.Hoegh@state.mn.us
Lead Agency Project ID: Other Project ID (i.e., contract #): | Project Start Date:
Jan 13, 2020
Original Project End Date: Current Project End Date: Number of Extensions:
01/10/2027 01/10/2027
Project schedule status:
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Overall Project Statistics:
Total Project Budget Total Cost to Date for Project Percentage of Work
Completed to Date
$1,136,500 $749,769.98 70%
Quarterly Project Statistics:
Total Project Expenses Total Amount of Funds Total Percentage of
and Percentage This Quarter Expended This Quarter Time Used to Date
1% (*Contractor Cost TBD) $10,000 (*Contractor Cost TBD) 76.9%
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Project Description:

Background:

It is well known that having adequate and uniform asphalt mixture compaction is critical for pavement life. Multiple studies
have estimated that a 1% decrease in density can reduce pavement life by approximately 10%. Currently, a target
compaction density is widely used for asphalt mixture compaction acceptance. However, common quality control and
acceptance practices for density reply on randomly checking density with nuclear density gauges or cores taken on spot
locations. This approach is labor intensive and provide limited information on overall pavement compaction quality, many
times missing insufficiently compacted areas. Research conducted by the 2nd Strategic Highway Research Program
(SHRP2) R06C has demonstrated a breaking new technology, where a DPS system can be used for routine operation to
evaluate density and uniformity of asphalt mixture compaction with continuous pavement coverage of the entire pavement
area.

As part of SHRP2 R06C, several state DOTs have evaluated a particular Ground Penetrating-Radar (GPR) DPS system,
called the Rolling Density Meter (RDM) with overall, very promising results. A calibration method for the RDM system has
been developed and recommended. In addition, a probability histogram of measured dielectric constant is found to be an
effective tool for assessing pavement compaction quality and uniformity. Based on this evaluation, state DOTs have found
that the system can be used for compaction assessment of essentially the entire pavement area as part of Quality
Assurance. However, some additional research and improvements are still needed to use DPS systems for acceptance.
Objectives:

The objective of the proposed pooled-fund project is to establish a research consortium focused on A) further advancing
and improving the system based on experience and needs from participants so that the system can effectively and
efficiently support their Quality Assurance Programs; B) support communication; C) provide training and technical
assistance that includes providing support for specification development and strategies for agency full implementation;
and D) conduct technology promotion and marketing for the system. Specific tasks within this multi-year program will be

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

There are references to the workplan throughout this quarterly update. The original workplans and project update as of
last winter can be downloaded from here: http://www.dot.state.mn.us/materials/dps/workplan.html

Fourteen (14) government agencies have become pooled fund study members to share their expertise and are learning
about the new technology and methods to improve and expand upon transportation systems nationally. Significant
Progress this quarter includes:

1. A new method (using fiberglass material) for checking the consistency of the DPS sensors for field testing has been
tested in a controlled MnROAD environment, as well as on routine project data collection. Comparison with previously
specified methods of repeat line and swerve testing show that the new method is a viable alternative. The advantage of
the new method is the ability to test the accuracy versus the published value. This not only allows for sensor consistency
checks, but also ability to judge the same sensor over-time as a means of standardizing. The sensors continue to
perform well suggesting the number of required consistency checks can be reduced to the beginning and end of each day
rather than periodically throughout the day as previously specified. This will make the logistics of data collection more
user friendly while still ensuring quality dielectric data.

2. The research teams has continued work on guidance for field data collection including coverage and safety
considerations, protocols for acceptance/rejection of dielectric to density accuracy, and minimum software analysis
requirements to ensure the technology allows the user to conveniently make density assessments will be conducted. The
focus of the research team efforts has been in the direction of creating a more implementable protocol while still ensuring
quality. This includes using less frequent consistency checks. Doing only full range puck testing the first day of
production of each new mix and monitoring with design void pucks throughout each day, and subsequent days rather
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Anticipated work next quarter:
The following is expected to be completed for next quarter.

1. Additional Data collection using the new procedures and analysis of the results will be used to update a data collection
specification that reflect the improvements in making the DPS data collection more feasible for full coverage density
mapping with less frequent consistency checks, use of full coverage density data for evaluation of dielectric to density
conversion without spot checks, and simplified production mix puck requirements. This will incorporate a new method
(using fiberglass material) for checking the consistency of the DPS sensors for field testing has been tested in a controlled
MnROAD environment, as well as on routine project data collection.

2. Build on the NCAT tasks 2 and 3 of the pooled fund study findings. This includes collecting supporting data to build on
the certification and precision findings form NCAT and supplement the nuclear gage baseline method with field cores for a
more dependable comparison with evaluated sensors. Also, conduct measurements with multiple vendor equipment.

3. Update the AASHTO dielectric to density conversion document if we get comments back from the AASHTO committee.

4. Conduct TWG Lager group meeting including presentations and discussion on the following TWG umbrella group:
* Topic 1: Data analysis and uses; relationship with other Intelligent Construction Technology (ICT)

o0 Champion: Kyle Hoegh

0 Co-champions: George Chang, Craig Landefeld

* Topic 2: Precision, bias and accuracy of DPS in measuring dielectric and assessing asphalt density

o0 Champion: Fabricio Leiva

0 Co-champion: Kyle Hoegh

* Topic 3: Agency use: Acceptance/certification (FHWA): spec development (state DOT)

o Champion: Richard Giessel

0 Co-champions: Dennis Dvorak, Robert Hinman
e Tonic 4- | imitations risk research needs SWOT (strenaths weaknesses annartiinities threats)

Significant Results:

The best way to get informed about significant results is to access the DPS website:
https://www.dot.state.mn.us/materials/dps/index.html

This includes the: Report by NCAT completed this quarter located here:
https://www.dot.state.mn.us/materials/dps/publications.html and summary of the spring training event here:
https://www.dot.state.mn.us/materials/dps/meetings.html

Currently this pooled fund is working well for all the members. We have shared results and our experience with each
other related to the DPS technology and have discuss a number to topics in the technical teams.

In-place density is a critical factor in ensuring the durability of hot-mix asphalt (HMA) pavement. Currently, a target
compaction density is widely used to evaluate asphalt mixture compaction quality. But density is commonly assessed in
core samples that are extracted at random locations along a pavement. This approach is not only labor-intensive and
destructive, but provides little information about the pavement’s overall compaction quality.

DPS is a non-destructive testing technology that can be used to evaluate the density and uniformity of asphalt mixture
compaction. It identifies the real-time, in-place compaction level of pavement by measuring the surface dielectric profile,
which is dependent on the compaction level. Unlike coring, DPS measures continuously, providing nearly 100% coverage
of constructed layers. Therefore, density measurements from DPS can give agency much more confidence than cores in
assessing overall pavement construction density, which also can help the agency better predicting pavement
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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).

The FHWA was able to secure and transfer $99,000, which has been extremely beneficial in addressing the need for
more marketing and communication activities. CTC associates has been able to start addressing these needs by
planning for Spring training, and coordinating travel plans, polling, and collecting other information. Additionally, CTC
associates has facilitated the initial TWG meeting. Content related to these activities has been posted to the website.

Potential Implementation:

In-place density is a critical factor in ensuring the durability of hot-mix asphalt (HMA) pavement. Currently, a target
compaction density is widely used to evaluate asphalt mixture compaction quality. But density is commonly assessed in
core samples that are extracted at random locations along a pavement. This approach is not only labor-intensive and
destructive, but provides little information about the pavement’s overall compaction quality.

DPS is a non-destructive testing technology that can be used to evaluate the density and uniformity of asphalt mixture
compaction. It identifies the real-time, in-place compaction level of pavement by measuring the surface dielectric profile,
which is dependent on the compaction level. Unlike coring, DPS measures continuously, providing nearly 100% coverage
of constructed layers. Therefore, density measurements from DPS can give agency much more confidence than cores in
assessing overall pavement construction density, which also can help the agency better predicting pavement
performance.

The results (AASHTO specifications) from this pooled fund study can potentially be used for routine quality control and
assurance (QC/QA) process in pavement construction to evaluate density and uniformity of asphalt mixture compaction
with continuous pavement coverage. Therefore, the construction process provides a continuous and full coverage
assessment method at each stage, from mixture placement to post-construction:

* Mixture placement: Use IR to measure compaction temperature to minimize mixture segregation (QC).

» Mixture compaction: Use IC to ensure compaction uniformity (QC).
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	Lead Agency FHWA or State DOT: Minnesota Department of Transportation
	Transportation Pooled Fund Program Project  ie SPR2XXX SPR3XXX or TPF5XXX: 

TPF 5(443)
	Quarter 1 January 1  March 31: Off
	Quarter 2 April 1  June 30: On
	Quarter 3 July 1  September 30: Off
	Quarter 4 October 1  December 31: Off
	Project Title: Continuous Asphalt Mixture Compaction Assessment using Density Profiling System (DPS)
	Name of Project Managers: Kyle Hoegh
	Phone Number: 507-398-2669
	EMail: Kyle.Hoegh@state.mn.us
	Lead Agency Project ID: 
	Other Project ID ie contract: 
	Project Start Date: Jan 13, 2020
	Original Project End Date: 01/10/2027
	Current Project End Date: 01/10/2027
	Number of Extensions: 
	On schedule: On
	On revised schedule: Off
	Ahead of schedule: Off
	Behind schedule: Off
	Total Project BudgetRow1: $1,136,500
	Total Cost to Date for ProjectRow1: $749,769.98
	Percentage of Work Completed to DateRow1: 70%
	Total Project Expenses and Percentage This QuarterRow1: 1% (*Contractor Cost TBD)
	Total Amount of Funds Expended This QuarterRow1: $10,000 (*Contractor Cost TBD)
	Total Percentage of Time Used to DateRow1: 76.9%
	Project Description: Background:
It is well known that having adequate and uniform asphalt mixture compaction is critical for pavement life. Multiple studies have estimated that a 1% decrease in density can reduce pavement life by approximately 10%. Currently, a target compaction density is widely used for asphalt mixture compaction acceptance. However, common quality control and acceptance practices for density reply on randomly checking density with nuclear density gauges or cores taken on spot locations. This approach is labor intensive and provide limited information on overall pavement compaction quality, many times missing insufficiently compacted areas. Research conducted by the 2nd Strategic Highway Research Program (SHRP2) R06C has demonstrated a breaking new technology, where a DPS system can be used for routine operation to evaluate density and uniformity of asphalt mixture compaction with continuous pavement coverage of the entire pavement area.

As part of SHRP2 R06C, several state DOTs have evaluated a particular Ground Penetrating-Radar (GPR) DPS system, called the Rolling Density Meter (RDM) with overall, very promising results. A calibration method for the RDM system has been developed and recommended. In addition, a probability histogram of measured dielectric constant is found to be an effective tool for assessing pavement compaction quality and uniformity. Based on this evaluation, state DOTs have found that the system can be used for compaction assessment of essentially the entire pavement area as part of Quality Assurance. However, some additional research and improvements are still needed to use DPS systems for acceptance.
Objectives:
The objective of the proposed pooled-fund project is to establish a research consortium focused on A) further advancing and improving the system based on experience and needs from participants so that the system can effectively and efficiently support their Quality Assurance Programs; B) support communication; C) provide training and technical assistance that includes providing support for specification development and strategies for agency full implementation; and D) conduct technology promotion and marketing for the system. Specific tasks within this multi-year program will be developed in cooperation with the consortium participants.
Scope of Work:
The work plan will be developed based on the priorities indicted by the consortium participants during the kick-off meeting. While the details and scope of the objectives will be further defined to reflect the concerns of the consortium participants, it is anticipated that the project will include the following:

A). Further Advance and Improving the System
1. Development and implementation of a real-time warning mechanism to inform DPS users of a system error during the data collection process.

2. Development of an AASHTO standard for equipment and operator certifications.
Develop a detailed workplan. The workplan should, at minimum include the following:
a. Experimental design of testing matrix.
b. Identify test location(s).
c. Coordination with participating agencies.
d. Perform necessary tests to develop an equipment and operator certification procedure.
e. Draft an AASHTO standard for equipment and operator certification (similar to AASHTO R56).

3. Conduct a round robin test among the agencies that have the system and develop equipment precision and bias statements and testing methods:
Develop a detailed workplan for a round robin test. The workplan should, at minimum include the following:
a. Contact the states that have DPS equipment.
b. Coordinate with the states to gather all the equipment together.
i. Each agency’s operator also needs to travel to the identified test location.
c. Perform verification of all the equipment using manufacture provided calibration/verification materials.
d. Conduct necessary tests following the workplan. (ASTM E691 “Standard Practice for Conducting an Inter-laboratory Study to Determine the Precision” can be used as a guidance).
e. Perform data analysis.
f. Establish precision and bias.

4. Develop AASHTO specification on data collection protocols and analysis method.

This task should, at minimum, include the following:
Data Collection
a. Develop specifications on
i. HMA mat temperature requirement.
ii. Best time for data collection, data collection speed; sampling frequency and distance from the finish roller.
iii. Maximum and minimum HMA lift thickness.
iv. The number of data collection passes needed in order to assess compaction quality of the full lane width?
v. Data collection pattern and location based on different construction traffic control methods (for example: full closure vs moving traffic control) and what we want to know and how to use the results (for example: joint assessment vs only mat assessment).
vi. Develop equipment error reporting procedures.

b. Develop equipment verification procedure in field including
i. Transverse profile (perpendicular to traffic direction) method
ii. Swerving profile method.
Data Analysis
a. Perform data analysis and develop criteria that can be implemented for HMA compaction acceptance in terms of both uniformity and density based on how the results will be used (joint vs mat). The criteria should include both histogram and percent conforming methods.
Develop a draft AASHTO specification on data collection and analysis.

B). Support Communication
a. Semi-annual User Group Webinars.
b. Annual Face-to-Face User Group Meetings including invitational travel.
c. Quarterly Conference call Updates with Interested Parties if necessary.
d. Quarterly Conference call with a Technical Advisory Team.
e. WEBSITE Establishment and Maintenance.
f. Support AASHTO and ASTM specification development, improvement and refinement.

C). Provide Training and Technical Assistance.
1. More detailed hands-on training on set up, calibration and operation;
2. Training on implementation strategies by an agency;
3. Executive level training;
4. Webinar training, help participants on training development, on-call technical assistance, etc.
5. If needed, provide support to participating agencies in specification development.
D. Promote the technology through technology promotion
	Progress this Quarter includes meetings work plan status contract status significant progress etc: There are references to the workplan throughout this quarterly update.  The original workplans and project update as of last winter can be downloaded from here: http://www.dot.state.mn.us/materials/dps/workplan.html

Fourteen (14) government agencies have become pooled fund study members to share their expertise and are learning about the new technology and methods to improve and expand upon transportation systems nationally.  Significant Progress this quarter includes:

1.  A new method (using fiberglass material) for checking the consistency of the DPS sensors for field testing has been tested in a controlled MnROAD environment, as well as on routine project data collection.  Comparison with previously specified methods of repeat line and swerve testing show that the new method is a viable alternative.  The advantage of the new method is the ability to test the accuracy versus the published value.  This not only allows for sensor consistency checks, but also ability to judge the same sensor over-time as a means of standardizing.  The sensors continue to perform well suggesting the number of required consistency checks can be reduced to the beginning and end of each day rather than periodically throughout the day as previously specified.  This will make the logistics of data collection more user friendly while still ensuring quality dielectric data.

2. The research teams has continued work on guidance for field data collection including coverage and safety considerations, protocols for acceptance/rejection of dielectric to density accuracy, and minimum software analysis requirements to ensure the technology allows the user to conveniently make density assessments will be conducted.  The focus of the research team efforts has been in the direction of creating a more implementable protocol while still ensuring quality.  This includes using less frequent consistency checks.  Doing only full range puck testing the first day of production of each new mix and monitoring with design void pucks throughout each day, and subsequent days rather than requiring extra fabrication each day of production.  Additionally, the research team is working toward acceptance/rejection of the dielectric to density conversion based on full coverage data compared to random cores already selected as part of each paving day without the need for spot dielectric checks.  This is designed to accomplish 2 things: a) use the actual data that will be used to evaluate the density of the placed mat (full coverage data) b) reduce the logistical burden of getting spot dielectric measurements at each core location.  

3.  NCAT has submitted the task 3 report and it was approved after iterative feedback and changes.

4.  NCAT has submitted the final report.  The results of this report support tasks 2 and 3 of the pooled fund study.  Additional appendices were provided to outline the AASHTO standards aspect of their work including, "Draft AASHTO Standard Practice for Certification of In-place Asphalt Pavements Density Profiling Systems." in appendix D as a noteworthy deliverable of the task 2 work.  It is also notable that the results of task 3 showed the precision of the field test to be superior to accepted methods such as nuclear gage precision, and the lab DPS measurements more precise than methods such as saturated surface dry and vacuum sealing methods of obtaining bulk specific gravity when put in the same context (density).   

5. TWG umbrella groups were determined with associated champions to be the following: 
 • Topic 1: Data analysis and uses; relationship with other Intelligent Construction Technology (ICT)
o Champion: Kyle Hoegh 
o Co-champions: George Chang, Craig Landefeld
• Topic 2: Precision, bias and accuracy of DPS in measuring dielectric and assessing asphalt density
o Champion: Fabricio Leiva 
o Co-champion: Kyle Hoegh
• Topic 3: Agency use: Acceptance/certification (FHWA): spec development (state DOT) 
o Champion: Richard Giessel
o Co-champions: Dennis Dvorak, Robert Hinman
• Topic 4: Limitations, risk, research needs, SWOT (strengths, weaknesses, opportunities, threats) 
o Champion: Robert Hinman
o Co-champions: Harold Von Quintus, Kyle Hoegh
Mini-meetings were conducted to determine scope of the coverage, communicate what the DPS pooled fund has already accomplished related to each subject matter, and identify what still needs to be addressed, and prepare for the larger group meeting.

6.  UNH compiled the MnDOT master database for a large swath of 2021 construction data, a method of data transfer, compiling, and analysis was developed.  UNH proposed tools for outlier anlayis, consistency checks, and summary statistics and analysis and is in the process of refining them based on feedback from MnDOT.

7.  Worked with project engineers and contractors to refine procedures and specifications for 2022 data collection plan including input from contractors.  Data collection using the new procedures has been conducted during this quarter and the document will be updated to reflect the changes being tested in the field for adoption.

8.  Conducted live training event in May, 2022 including A to Z training of how to operate and analyze DPS data on a project.  Training was conducted at MnROAD.

9. Task 1 was completed last quarter.  Continued to respond to requests from others on help they need on DPS system operation and data analysis.  MnDOT is providied support to State and Federal Agencies as well as contractors on how the collection and analysis tools can be used for

10. Addressed committee chair feedback of an AASHTO specification draft for conversion from dielectric to density using production mix samples to removed some of the supporting analysis and academic publication type material to focus on the process of how to conduct the measurements and evaluate if the equipment is working properly.   

11. The research team held periodic Fall large group planning meetings with CTC and FHWA.  The planning committee decided on an in-person meeting held in St. Paul, Minnesota and sent out a poll to determine availability. 

12. The research team help multiple meetings with the FHWA Mobile Asphalt Technology lab focused on their efforts related to the DPS.   

13.  The research team has collected data on Minnesota paving projects TH 55/62, TH212, MnROAD, and CSAH 19 to further develop and evaluate the DPS protocols and specifications
	Anticipated work next quarter: The following is expected to be completed for next quarter.

1.  Additional Data collection using the new procedures and analysis of the results will be used to update a data collection specification that reflect the improvements in making the DPS data collection more feasible for full coverage density mapping with less frequent consistency checks, use of full coverage density data for evaluation of dielectric to density conversion without spot checks, and simplified production mix puck requirements.  This will incorporate a new method (using fiberglass material) for checking the consistency of the DPS sensors for field testing has been tested in a controlled MnROAD environment, as well as on routine project data collection.  

2. Build on the NCAT tasks 2 and 3 of the pooled fund study findings.  This includes collecting supporting data to build on the certification and precision findings form NCAT and supplement the nuclear gage baseline method with field cores for a more dependable comparison with evaluated sensors.  Also, conduct measurements with multiple vendor equipment.   

3. Update the AASHTO dielectric to density conversion document if we get comments back from the AASHTO committee.

4. Conduct TWG Lager group meeting including presentations and discussion on the following TWG umbrella group: 
 • Topic 1: Data analysis and uses; relationship with other Intelligent Construction Technology (ICT)
o Champion: Kyle Hoegh 
o Co-champions: George Chang, Craig Landefeld
• Topic 2: Precision, bias and accuracy of DPS in measuring dielectric and assessing asphalt density
o Champion: Fabricio Leiva 
o Co-champion: Kyle Hoegh
• Topic 3: Agency use: Acceptance/certification (FHWA): spec development (state DOT) 
o Champion: Richard Giessel
o Co-champions: Dennis Dvorak, Robert Hinman
• Topic 4: Limitations, risk, research needs, SWOT (strengths, weaknesses, opportunities, threats) 
o Champion: Robert Hinman
o Co-champions: Harold Von Quintus, Kyle Hoegh
5.  Use the UNH database to evaluate the changes to the field data collection and refinement of protocols.  Highlight process control potentials with contractors and other stakeholders, develop standard practices protocols to achieve this.
UNH will specifically evaluate acceptance of dielectric to density conversion without the need to conduct spot checks at core locations.

6.  Present UNH tools to various DPS users to get feedback on improvements or changes that need to be made to make them useful nationwide.

7. Continue to hold periodic Fall large group planning meetings with CTC and FHWA.  Communicate data and time to the group and start working on meeting agenda. 

8. Continue meetings with the FHWA Mobile Asphalt Technology lab focused on their efforts related to the DPS.   

9.  Work with planning committee for 2023 workshop focusing on DPS and PMTP technologies.
	Significant Results: The best way to get informed about significant results is to access the DPS website: https://www.dot.state.mn.us/materials/dps/index.html

This includes the: Report by NCAT completed this quarter located here: https://www.dot.state.mn.us/materials/dps/publications.html and summary of the spring training event here: https://www.dot.state.mn.us/materials/dps/meetings.html

Currently this pooled fund is working well for all the members. We have shared results and our experience with each
other related to the DPS technology and have discuss a number to topics in the technical teams. 

In-place density is a critical factor in ensuring the durability of hot-mix asphalt (HMA) pavement. Currently, a target compaction density is widely used to evaluate asphalt mixture compaction quality. But density is commonly assessed in core samples that are extracted at random locations along a pavement. This approach is not only labor-intensive and destructive, but provides little information about the pavement’s overall compaction quality.

DPS is a non-destructive testing technology that can be used to evaluate the density and uniformity of asphalt mixture compaction. It identifies the real-time, in-place compaction level of pavement by measuring the surface dielectric profile, which is dependent on the compaction level. Unlike coring, DPS measures continuously, providing nearly 100% coverage of constructed layers. Therefore, density measurements from DPS can give agency much more confidence than cores in assessing overall pavement construction density, which also can help the agency better predicting pavement performance. 
This project has seven specific tasks: 
Task 1: Software and Hardware Improvements
Task 2: Development of AASHTO Data Collection and Analysis Specification (Ghost Implementation Protocol)
Task 3: Precision and Bias Testing
Task 4: Equipment and Operator Certification
Task 5: Support Communication 
Task 6: Provide Training and Technical Assistance.
Task 7: Promote the technology
The project focuses on developing specifications for implementation, promoting the technology and helping agencies to implement the technology. 

	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: The FHWA was able to secure and transfer $99,000, which has been extremely beneficial in addressing the need for more marketing and communication activities.  CTC associates has been able to start addressing these needs by planning for Spring training, and coordinating travel plans, polling, and collecting other information.  Additionally, CTC associates has facilitated the initial TWG meeting.  Content related to these activities has been posted to the website.
	Potential Implementation: In-place density is a critical factor in ensuring the durability of hot-mix asphalt (HMA) pavement. Currently, a target compaction density is widely used to evaluate asphalt mixture compaction quality. But density is commonly assessed in core samples that are extracted at random locations along a pavement. This approach is not only labor-intensive and destructive, but provides little information about the pavement’s overall compaction quality.

DPS is a non-destructive testing technology that can be used to evaluate the density and uniformity of asphalt mixture compaction. It identifies the real-time, in-place compaction level of pavement by measuring the surface dielectric profile, which is dependent on the compaction level. Unlike coring, DPS measures continuously, providing nearly 100% coverage of constructed layers. Therefore, density measurements from DPS can give agency much more confidence than cores in assessing overall pavement construction density, which also can help the agency better predicting pavement performance. 

The results (AASHTO specifications) from this pooled fund study can potentially be used for routine quality control and assurance (QC/QA) process in pavement construction to evaluate density and uniformity of asphalt mixture compaction with continuous pavement coverage. Therefore, the construction process provides a continuous and full coverage assessment method at each stage, from mixture placement to post-construction:
• Mixture placement: Use IR to measure compaction temperature to minimize mixture segregation (QC).
• Mixture compaction: Use IC to ensure compaction uniformity (QC).
• Post-compaction: Use DPS to assess HMA density to ensure compaction quality and uniformity, including longitudinal joint compaction (QC and QA).
• Post-compaction: Measure pavement smoothness using inertial profilers to ensure a smooth pavement surface for improved ride quality and to reduce vehicle dynamic impacts on pavement (QA).



