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Preface

This document summarizes the discussion and findings of the 2nd workshop held on March 6-7,

2012 in Ames, Iowa, as part of the Technology Transfer Intelligent Compaction Consortium (TTICC)
Transportation Pooled Fund (TPF-5(233)) study. The TTICC project is led by the Iowa Department of
Transportation (DOT) and partnered by the following state DOTs: California DOT, Georgia DOT, Iowa
DOT, Kentucky DOT, Missouri DOT, Mississippi DOT, Ohio DOT, Pennsylvania DOT, Utah DOT,
Virginia DOT, and Wisconsin DOT.

The workshop was hosted by the Center for Earthworks Engineering Research (CEER) at Iowa State
University of Science and Technology. The objective of the workshop was to generate a focused
discussion to identify the research, education, and implementation goals necessary for advancing
intelligent compaction for earthworks and asphalt. The workshop consisted of a review of the TTICC
goals, state DOT briefings on intelligent compaction implementation activities in their state, voting and
brain-storming sessions on intelligent compaction road map research and implementation needs, and
identification of action items for TTICC, industry, and Federal Highway Administration (FHWA) on
each of the road map elements to help accelerate implementation of the technology. About 30 attendees
representing the state DOTs participating in this pooled fund study, Federal Highway Administration,
researchers from Iowa State University, and industry participated in this workshop.
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Executive Summary

On March 6-7, 2012, the Iowa Department of Transportation (Iowa DOT) and Iowa State University’s
Center for Earthworks Engineering Research (CEER) co-hosted a workshop for the Technology Transfer
for Intelligent Compaction Consortium (TTICC), a Transportation Pooled Fund (TPF-5(233)) initiative
designed to identify, support, facilitate, and fund intelligent compaction (IC) research and technology
transfer initiatives. The following were the key objectives of the workshop:

o Review current state DOT and current IC specifications for earthwork and HMA

o Review TTICC IC case history summaries

« Facilitate a collaborative exchange of information between state DOTs, FHWA, and Industry to
accelerate effective implementation of IC technologies

« Update the IC roadmap for identifying key research/implementation/education needs, and action
items for TTICC group, FHWA, and industry

The workshop’s attendees—representing 9 state DOTs, the Federal Highway Administration (FHWA),
Advanced Drainage Systems, Bomag Americas, Caterpillar, Trimble Navigation Ltd., and Iowa State
University—reviewed IC case history summaries, discussed recent IC pilot specifications implemented
by state DOTs or demonstration projects conducted by state DOTs, and voted and brain-stormed IC
research, implementation, and educational needs.

A key outcome of the workshop was the evaluation and update of the IC Road Map, a prioritized list of
IC technology research/implementation needs initially created in a 2008 IC workshop meeting and up-
dated in 2009, 2010, and 2011 workshops. The top two IC research needs are now (1) data management
and analysis, and (2) developing IC/CCC specifications and guidance. The revised IC road map is pre-
sented in Table 1. After updating the IC roadmap, the group identified action items for the TTICC group,
FHWA, and industry for advancing each of the road map elements.

Table 1. Prioritized IC technology research/implementation needs - 2012 TTICC workshop

Prioritized IC/CCC Technology Research/Implementation Needs

1. Data management and Analysis (18%) 8. Understanding Roller Measurement Influence Depth
(7%)
2. Intelligent Compaction Specifications/Guidance (14*)
9. Project Scale Demonstration and Case Histories (6*)
3. Intelligent Compaction and In-Situ Correlations (13*)
10. In-Situ Testing Advancements and New Mechanistic
4. Understanding Impact of Non-Uniformity of Based QC/QA (3*)
Performance (11%)
11. Intelligent Compaction Technology Advancements
5. Standardization of Roller Outputs and Format Files and Innovations (2*)
11*
) 12. Intelligent Compaction Research Database (2*)
6. Standardization of Roller Sensor Calibration Protocols
(10%) 13. Sustainability (1%)

7. Education Program/Certification Program (8%)

*total votes are provided in parenthesis
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Other important outcomes from the 2012 TTICC workshop included: (a) providing a forum to facilitate
information exchange and collaboration and developing a list of action items to advance and accelerate
implementation of IC technology into earthwork and asphalt construction practice, (b) developing an
outline of content for an IC 101 video, and (c) developing a short list of items that the TTICC team can
use to help advance the IC road map research/implementation priorities as shown in Table 5.

Table 5 . Prioritized IC technology research/implementation needs - 2012 TTICC workshop

High Priority Focus Areas

1. Develop new data management, analysis, and visualization tools

2. Define and establish new standards for quality in road building (performance based
specifications)

3. Explore alternative contract delivery modes for construction projects that support
innovation




Introduction

Technology Transfer Intelligent Compaction Consortium (TTICC)

Increasingly, state departments of transportation (DOTs) are challenged to design and build longer

life pavements that result in a higher level of user satisfaction for the public. One of the strategies

for achieving longer life pavements is to use innovative technologies and practices. In order to foster

new technologies and practices, experts from state DOTs, Federal Highway Administration (FHWA),
academia and industry must collaborate to identify and examine new and emerging technologies and
systems. As a part of this effort, the lowa DOT and the Center for Earthworks Engineering Research
(CEER) hosted three workshops on Intelligent Compaction for Soils and HMA since 2008"** and
developed a roadmap to address the research, implementation, and educational needs to integrate IC into
practice. Realizing that a national forum is needed to provide broad leadership that can rapidly address
the needs and challenges facing DOTs with the adoption of IC technologies, the Iowa DOT initiated

the TTICC project under the Transportation Pooled Fund Program (TPF Study Number 5(233)). The
purpose of this pooled fund project is to identify, support, facilitate and fund intelligent compaction (IC)
research and technology transfer initiatives. At this time, the following state highway agencies are part

of this pooled fund study: California DOT, Georgia DOT, Iowa DOT, Kentucky DOT, Missouri DOT,
Mississippi DOT, Ohio DOT, Pennsylvania DOT, Utah DOT, Virginia DOT, and Wisconsin DOT (Figure
1).

The goals of the TTICC are as follows:

o+ Identify needed research projects

o Develop pooled fund initiatives

« Plan and conduct an annual workshop on intelligent compaction for soils and asphalt

« Provide a forum for technology exchange between participants

« Develop and fund technology transfer materials

« Provide on-going communication of research needs faced by state agencies to the FHWA, states,
industry, and the CEER

This report presents the details and summary of findings from the 2nd TTICC Workshop held on
March 6-7, 2012, in Ames, Iowa. The workshop was attended by 13 representatives from state DOTs,
2 representatives from Federal Highway Administration (FHWA), 4 representatives from Iowa State
University, and 9 representatives from Industry (Advanced Drainage Systems, Bomag Americas,
Caterpillar, Inc., Trimble Navigation Ltd.).

'White D.J., (2008). Report of the Workshop on Intelligent Compaction for Soils and HMA. ER08-01, Workshop Organized by the Earthworks
Engineering Research Center at Iowa State University and the Iowa Department of Transportation, April 2-4, West Des Moines, Iowa.
*White D.J., and Vennapusa, P. (2009). Report of the Workshop on Intelligent Construction for Earthworks. ER09-02, Workshop Organized by
the Earthworks Engineering Research Center at Iowa State University and the Iowa Department of Transportation, April 14-16, West Des
Moines, Iowa.

*White, D.J., and Vennapusa, P. (2010). Report of the Webinar Workshop on Intelligent Compaction for Earthworks and HMA. ER10-02,
Workshop Organized by the Earthworks Engineering Research Center at Iowa State University and the Jowa Department of Transportation,
March 1-2.

Report of the 2nd Workshop for Technology Transfer for Intelligent Compaction Consortium (TTICC)

Transportation Pooled Fund Study Number TPF-5(233)

11



Report of the 2nd Workshop for Technology Transfer for Intelligent Compaction Consortium (TTICC)

Transportation Pooled Fund Study Number TPF-5(233)

12

Figure 1. TTICC pooled fund study participating states (highlighted in red) as of March 2012

Workshop Objectives and Agenda
The following were the key objectives of this workshop:

o Review current state DOT and current IC specifications for earthwork and HMA

o Review TTICC IC case history summaries

 Facilitate a collaborative exchange of information between state DOTs, FHWA, and Industry to
accelerate effective implementation of IC technologies

o Update the IC roadmap for identifying key research/implementation/education needs, and action
items for TTICC group, FHWA, and industry

The workshop was held over 2 days. The DOT, FHWA, and ISU participants were present on the first day
(Figure 2) and the industry participants joined on the second day. The first day involved introductions
with a brief review of each participant’s technical focus and job responsibilities; overview of TTICC
project goals, objectives, and deliverables; state DOT briefings for IC projects and implementation;
review of 1st TTICC workshop; overview of recent IC specifications and demonstration projects; and
breakout sessions to review IC research, implementation, and educational needs, and identify action
items for TTICC, Industry, and FHWA to accelerate effective implementation of IC technologies.

The second day involved industry participant introductions; presentation of results from the first day
breakout sessions; open discussions on the action items identified during the first day; and industry
updates/presentations.



This report contains state DOT briefings for IC projects and implementation, results of breakout
sessions, prioritized IC implementation road map, and proposed action items for TTICC, FHWA, and
industry to advance IC research and implementation. The complete workshop agenda is included in
Appendix A, and a list of attendees is provided in Appendix B. A copy of all workshop presentations and
products provided to the participants is provided in Appendix C. Photos of the workshop and comments
evaluating the workshop are included in Appendices C and D, respectively.

Figure 2. Picture showing TTICC participants on Day 1
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State DOT Briefings for IC Projects and Implementation

The following is a log of state DOT briefings for IC projects and implementation during the Day 1
sessions.

Ed Hoppe, Virginia DOT: Recently, an HMA overlay project implementing IC was completed in
Virginia. Generally, positive feedback was received from the project participants. Questions were raised
regarding asphalt compaction with temperature control. VDOT is interested in seeing moisture content
measurement capability on rollers for soils and aggregate base material compaction. The technology
should be financially viable (with evidence on reduction in construction costs) for contractors to gain
more interest. There was no decisive action taken within DOT on next steps.

Peter Narsavage, Ohio DOT: No demonstration project was conducted in Ohio. The contractors were
not either interested or aware of the technology. According to current specifications, DOT or independent
consultant performs all of the compaction testing on earthwork projects. Modifications are being planned
to the specifications where more testing will be required by the contractor. Contractors will hopefully see
the benefit in cost savings using this technology when the specifications are changed.

Ian Rish, Georgia DOT: Three new projects with IC specifications are being planned for 2012. Pilot
specifications for subgrade, rock base, and asphalt compaction with IC have been developed, and were
reviewed by the FHWA.

Daniel Clark, Pennsylvania DOT: PennDOT recently developed a $1M Highways for Life project which
includes construction of a four-mile two-lane highway with four types of pavement sections. The project
involves using IC for HMA overlay in portions of the project to compare with conventional compaction
methods. Not sure how much the project will tell about the success of IC on this particular project.

Bill Stone, Missouri DOT: MoDOT is interested in moving towards performance specifications and away
from nuclear gauge density specifications. Recently, a pilot specification with IC on embankment subgrade
compaction was implemented on Rt141 reconstruction project, just west of St. Louis. This project was
conducted as part of the SHRP RO7 research project. The project involved four-lane highway construction
with asphalt pavement. The project received green construction credits for using IC. Responsibility

of testing on the project included 1 test by DOT for every 10 tests by contractor. DOT recognized the
importance of using this technology with 100% coverage on the project. Dr. David White from ISU
performed calibration testing by correlating IC measurements with plate load testing and rut depths under
test roller. DOT is planning to reduce the number of QC testing by 50% when using IC mapping. IC was
also used on MSE backfill compaction. MoDOT is looking forward to implementing the technology on
more projects.
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Brent Gaschler, Utah DOT: UDOT conducted a trial project in 2009 on US6 on base and subbase
materials. The contractor found that the calibration process used was cumbersome; however, liked

the color-coded maps. There were some issues with the machine used on the project and there was no
timely feedback from the manufacturer. The contractor did not see cost benefits using IC on that project.
UDOT attended the recent FHWA workshop held in Utah. UDOT is currently planning for another trial
(likely in July 2012) with two rollers using federal funding. The project will require pass coverage as QC
requirement. Following are the main concerns moving forward:

o How much it will cost

« Availability of IC machines

« Paying for delays due to any machine issues

o How to analyze lot of machine data in real time

« Integration of construction drawings into roller maps

o How to distinguish between poor versus not-so-poor subgrades from IC maps

UDOT is very concerned about how to identify if the machine is not working properly.

Ian Rish, Georgia DOT Comments: GDOT also had similar issues with machine not working
properly. Need some research efforts on calibrating the machine sensors! Manufacturer needs to
provide qualification certificates for the machine sensors.

Brent Gaschler, Utah DOT Comments: Paying for delays is an issue. Two rollers are requested on the
proposed project to have a backup.

Max Grogg, FHWA Comments: There is a strong need for having a “golden” accelerometer for
calibrating the machine sensors. There should be some type of calibration record/routine similar
to SHRP calibration for FWD’s. Need input from industry on how and when the sensors should be
calibrated.

David White, ISU Question to Utah DOT: Is there any credible cost information for IC on the
proposed project?

Brent Gaschler, Utah DOT Response: There is no cost information available yet.

Mark Dunn, Iowa DOT: IADOT conducted demonstration projects on one embankment subgrade
project on US30, one HMA overlay project on US218, and one grading project on 129 since 2009. On the
US30 and 129 projects, ISU operated the machines. On the US218 project, contractor used the machine
on a night paving job. Compared pass coverage information with and without viewing the monitors.
There was improvement in uniformity of roller pass coverage when the operator was allowed to view the
monitor. For HMA projects, contractors can use at least the pass coverage information to save costs and
improve efficiency. For soils, IC can at least be used for proof mapping. IADOT conducted demonstration
projects with special provisions to specifications on three HMA overlay projects. Another project on
cohesive embankment and aggregate base was planned, but did not materialize as equipment meeting the
special provisions was not available at the time of the project. The HMA projects required that coverage
is needed over at least 80% of the project area. On one HMA project, there was an equipment issue so
there was no coverage for one day; however the contractor met the coverage requirement. The data was
not used for any QA. Data management and analysis in real time was found to be an issue. Equipment
availability is a concern moving forward. The contractors did not see a major benefit right now to invest
in the technology; however, they see pass coverage information as a plus (on HMA). Bid costs on the
HMA projects varied from about $5,000 to $300,000 to implement the special provisions. ISU recently
completed a report with data analysis and summarized project costs and experiences. Project report is
available online (http://www.ceer.iastate.edu/research/project/project.cfm?projectID=-225718242)



GADOT Comments: Is it possible to outfit rollers to obtain just roller pass coverage information?
That would be less expensive and affordable to contractors.

IADOT Comments: There are systems which can be used to outfit machines with just pass coverage
information. This was tried on the Iowa US20 project (findings provided in the report link provide
above).

Sid Scott, SHRP R07: SHRP R07 program deals with performance specifications, and how new
technologies can be implemented to improve long-term performance and process control during
construction. One demonstration project with performance specifications for earthwork construction
was recently completed in Missouri (Rt 141 project). Another demonstration project is planned by
Louisiana DOT this year using IC for both soils and HMA. Interested in using IC for QC for now and
ultimately use it for QA in the future. IC is a great tool to improve uniformity of foundation layers.
Attended FHWA workshops on IC - heard similar issues in those meetings as mentioned above with
equipment availability and calibration.

Sandra Larson, Iowa DOT Question: Is there any write-up or specification by LaDOT or LTRC on
the upcoming project?
Sid Scott, SHRP R07 Response: Will communicate with LTRC to find out information to share.

Group discussion/comments:

o David White, ISU: We have not discussed about how the technology will contribute to improving
the overall quality.

o Ian Rish, Georgia DOT: Having a record to go back and review if there is a problem is a major
advantage over current practice with virtually no data. Just having 100% coverage is worth a lot of
money. The technology also helps reducing change orders if the contractors use it for QC.

o Mark Dunn, Iowa DOT: Uniformity in pass coverage has improved HMA compaction using the
technology (as demonstrated on US218 demonstration project in Iowa).

o Ed Hoppe, Virginia DOT: Having 100% coverage does not mean that the contractor is
responsible for 100% of the area.

o David White, ISU: We need to agree that 100% of the area cannot be “good” and it’s not
economical or practical to hold contractors to that level of responsibility.

o Peter Narsavage, Ohio DOT: We need to be realistic in establishing the target value and percent
limits.

o Sid Scott, SHRP RO07: Just documenting the variability is huge with this technology. How do we
deal with it in specifications is a major issue.

o Jeff Schmitt, lowa DOT: Iowa DOT recently started a percent within limits (PWL) criterion for
HMA field voids with some incentive to the contractor. In 2011, the contractors were only able to
meet about 28% of the incentive.

o Sandra Larson, Iowa DOT: How does incentive money compare with the initial investment
for the contractor? Having such incentives in the specification to meet certain quality might be
encouraging for the contractor to invest in the technology!

o Peter Narsavage, Ohio DOT: Ohio has an incentive/disincentive specification (for meeting target
densities on earthwork projects).

o Alfred Casteel, Georgia DOT: Fuel cost savings can be huge for the contractor with the recent
increase in fuel prices. How can we show that data?

o General Comments: We need to continue to identify advantages, disadvantages, and challenges.
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1C101 Video — Group Discussion

The IC 101 video concept originated during the 2011 workshop* discussion among the TTICC
participants, as a means to provide executive level overview of the technology. A focused discussion

on development of an IC 101 video was held among the participants as part of the Day 1 activities. The
objective of this discussion was to identify content and format of the video, its purpose and the targeted

audience. Key points resulted from the discussion are as follows:

1. Need to define:
o Content — Overview, IC for Soils, IC for HMA, Case Studies
o Length — 4 to 5 minutes
e Format

2. Audience — Management level personnel from
« DOT
« Contractors

3. Need to define value proposition
4. Host on CEER website/DOT links/TRB E-Newsletter/YouTube

5. TTICC team interviews
« Example video for Accelerated Bridge Construction from Western Iowa (SHRP2 website)

6. Contractor interviews
o MoDOT IC project contractor for soils
« HMA?

7. Real Project Story
o  Why picked IC?
o How it helped?

8. Video purpose
» Cost savings (during construction and long-term maintenance)
o People
o Quality
+ Risk (nuclear gauge regulations)
« Time/pace of construction
« Sustainability

‘White D.J., and Vennapusa, P. (2011). Report of the 1st Workshop for Technology Transfer for Intelligent Compaction Consortium,
Transportation Pooled Fund Study Number TPF-5(233), Workshop held on December 14-15, 2010, Des Moines, Iowa.
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Updated IC Implementation Road Map and Action
Items for TTICC, Industry, and FHWA

On day one, two separate 2 hour long breakout sessions were conducted by separating the workshop
participants into two groups. Each group had a facilitator. A brief agenda used to facilitate discussion in
the breakout sessions is provided below.

+ Review the road map with the 13 research, implementation, and educational topic areas identified
in the 1st TTICC workshop report. The participants were asked to provide comments regarding
topics that should be removed, revised, or added.

» Develop an updated road map by ranking the topic areas using participant voting. Each
participant was allowed 7 votes and could apply the votes to any of the topic areas.

 Identify action plans for the TTICC group, FHWA, and industry to move forward on all of the
topic areas.

The prioritized list of IC technology research/implementation needs, by combining the results obtained
from the two breakout sessions, is presented in Table 1. The revised roadmap elements are presented in
Table 2. After reviewing the revised road map, discussion focused on defining action items needed to
advance for each element. The outcome was to identify not only needed action items, but linking the
action items to TTICC, FHWA, and industry. Table 3 presents the action items identified for the TTTIC
group, industry, and FHWA, on each of the roadmap elements.

Table 4 presents the change in the ratings of different roadmap elements since 2008, highlighting the
transition of the top three elements. The intelligent compaction specifications and in situ correlations road
map elements have remained in the top two between 2009 and 2011. The data management road map
element was rated as the top one this year. Progress with pilot IC specifications recently implemented by
the DOTs and first-hand experience on challenges associated with real-time data transfer and analysis
has shaped the prioritized rankings.
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Table 1. Prioritized IC technology research/implementation needs - 2012 TTICC workshop

Prioritized IC/CCC Technology Research/Implementation Needs

1.

10.

11.

12.

13.

Data management and Analysis (18%)

Intelligent Compaction Specifications/Guidance (14%)

Intelligent Compaction and In-Situ Correlations (13*)

Understanding Impact of Non-Uniformity of Performance (11%)
Standardization of Roller Outputs and Format Files (11%)
Standardization of Roller Sensor Calibration Protocols (10%)
Education Program/Certification Program (8%)

Understanding Roller Measurement Influence Depth (7*)

Project Scale Demonstration and Case Histories (6*)

In-Situ Testing Advancements and New Mechanistic Based QC/QA (3*)
Intelligent Compaction Technology Advancements and Innovations (2¥)
Intelligent Compaction Research Database (2*)

Sustainability (1*)

*total votes are provided in parenthesis



Table 2. Revised IC road map research, implementation, and educational elements - 2nd TTICC workshop

IC Road Map Research, Implementation, and Educational Elements

Data Management and Analysis [3*]. The data generated from IC compaction operations is 100+ times more than
traditional compaction QC/QA operations and presents new challenges. The research element should focus on
data analysis, visualization, management, and be based on a statistically reliable framework that provides useful
information to assist with the construction process control. This research element is crosscutting with elements 2,
3,5,7,8,11,and 12.

Intelligent Compaction Specifications/Guidance [2*]. This research element will result in several specifications
encompassing method, end-result, performance-related, and performance-based options. This work should
build on the work conducted by various state DOTs, NCHRP 21-09, and the ongoing FHWA IC Pooled Fund Study
954. The new specifications should be technology independent and should allow use of different QC/QA testing
devices and IC measurement values. This research element is crosscutting with elements 3, 5, 6, 7, and 8.

Intelligent Compaction and In Situ Correlations [1*]. This research element will develop field investigation
protocols for conducting detailed correlation studies between IC measurement values and various in situ testing
techniques for earth materials and HMA. Standard protocols will ensure complete and reliable data collection
and analysis. Machine operations (speed, frequency, vibration amplitude) and detailed measurements of ground
conditions will be required for a wide range of conditions. Relationships between HMA and WMA mix tempera-
ture, roller measurement values, and performance should be developed. A comprehensive research database
and methods for establishing IC target values will be the outcome of this study. Information generated from this
research element will contribute to elements 2, 7, 8, 10, and 12. There is a need to define “gold” standard QC/QA
in-situ test measurement for correlations depending on the material type (i.e., soils, base, or asphalt).

Understanding Impact of Non-Uniformity on Performance [6*]. This track will investigate relationships between
compaction non-uniformity and performance/service life of infrastructure systems—specifically pavement
systems. Design of pavements is primarily based on average values, whereas failure conditions are affected by
extreme values and spatial variations. The results of the research element should be linked to MEPDG input
parameters. Much needs to be learned about spatial variability for earth materials and HMA and the impact on
system performance. This element is crosscutting with elements 1, 2, and 7.

Standardization of Roller Outputs and Format Files [7*]. This research element involves developing a standard-
ized format for roller output and format files. This element crosscuts with specification element 2.

Standardization of Roller Sensor Calibration Protocols [13*]. IC rollers are equipped with measurement sensors
(e.g., accelerometers in the case of vibratory-based technologies), GPS, data logging systems, and many on-board
electronics. These sensors and electronics need periodic maintenance and calibration to ensure good repeatability
in the measurement systems. This research element will involve developing a highly mobile mechanical system
that could simulate a range of soil conditions and be deployed to a project site to periodically verify the roller
output values. Further, establishment of a localized calibration center (similar to a falling weight deflectometer
calibration center) by a state agency can help state agencies periodically verify the repeatability and reproducibil-
ity of the measurements from their sensors and other electronics.

Education Program/Certification Programs [5*]. This educational element will be the driver behind IC technology
and specification implementation. Materials generated for this element should include a broadly accepted and
integrated certification program that can be delivered through short courses and via the web for rapid training
needs. Operator/inspector guidebook and troubleshooting manuals should be developed. The educational pro-
grams need to provide clear and concise information to contractors and state DOT field personnel and engineers.
A potential outcome of this element would be materials for NHI training courses.

*1st TTICC workshop rating.
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Table 2. Revised IC road map research, implementation, and educational elements - 2nd TTICC workshop

10.

11.

12.

13.

Understanding Roller Measurement Influence Depth [10%]. Potential products of this research element include
improved understanding of roller operations, roller selection, interpretation of roller measurement values, better
field compaction problem diagnostics, selection of in situ QA testing methods, and development of analytical
models that relate to mechanistic performance parameter values. This element represents a major hurdle for link-
ing IC measurement values to traditional in situ test measurements.

Project Scale Demonstration and Case Histories [4*]. The product from this research element will be documented
experiences and results from selected project level case histories for a range of materials, site conditions, and
locations across the United States. Input from contractor and state agencies should further address implementa-
tion strategies and needed educational/technology transfer needs. Conclusive results with respect to benefits of
IC technology should be reported and analyzed. Information from this research element will be integrated into
elements 1, 2,4,and 7.

In Situ Testing Advancements and New Mechanistic Based QC/QA [9*]. This research element will result in new
in situ testing equipment and testing plans that target measurement of performance related parameter values
including strength and modulus. This approach lays the groundwork for better understanding the relationships
between the characteristics of the geo-materials used in construction and the long-term performance of the
system.

Intelligent Compaction Technology Advancements and Innovations [11*]. Potential outcomes of this research
element include development of improved IC measurement systems, addition of new sensor systems such as
moisture content and mat core temperature, new onboard data analysis and visualization tools, and integrated
wireless data transfer and archival analysis. Further, this research element will also explore retrofitting capabilities
of IC measurement systems on existing rollers. It is envisioned that much of this research will be incremental and
several sub-elements will need to be developed.

Intelligent Compaction Research Database [8*]. This research element would define IC project database input
parameters and generate web-based input protocols with common format and data mining capabilities. This
element creates the vehicle for state DOTs to input and share data and an archival element. In addition to data
management/sharing, results should provide an option for assessment of effectiveness of project results. Over the
longterm the database should be supplemented with pavement performance information. It is important for the
contractor and state agencies to have standard guidelines and a single source for the most recent information.
Information generated from this element will contribute to elements 2, 3, 7, 9, and 10.

Sustainability [12*]. This research element involves evaluating benefits of IC in terms of sustainability aspects
such as the potential for use of less fuel during construction, reduced life-cycle and infrastructure maintenance
costs, etc.

*1st TTICC workshop rating.



Table 3. Action Items for the TTICC Project Team, Industry, and FHWA

List of Action Items TTICC Industry FHWA
1. Data Management and Analysis

a. Define requirements X

b. Discuss with other state DOTs X

c. Enhance Capabilities of Software’s X

d. Need Real Time Data Processing/Delivery Capabilities X

e. Need Improvements in Position Accuracy (vertical) X

f. VEDA Software X
2. IC Specifications/Guidance

a. Post Examples and Current Specifications Online (Use CEER Website) X

b. Establish a Review Committee X

c. Develop a Standard Outline X

b. Create On-Line Mechanism to Track Document Updates (versions) X

e. Be Informed of TTICC Activities (CEER Website) X X

f. VEDA Software X X

c. Enhance Capabilities of Software’s X
3.1C and In Situ Correlations

a. Develop a Standard Calibration Procedure (Non-Nuclear Gauge) X

b. Problem Statement to Better Assess Influence of Moisture Content X

c. Problem Statement for Roller Measurement Value Relationships with

Resilient Modulus for Pavement Layers and Shear Strength Measurements X

for Embankments

d. Support Research Efforts X
4. Understanding Impact of Non-Uniformity on Performance

a. Develop problem statement for ACC/PCC pavements — Accelerated Testing X

b. Support Research - In-Kind Contributions X

c. Support Research Efforts X
5. Standardize Roller Outputs and Format

a. Define and Establish Criteria X

b. Refine Software Based on TTICC Recommendations X

c. Data Viewing Software Tool X
6. Standardize Roller Sensor Calibration Protocols

a. Research to Develop a Standard Calibration Device X

b. Discuss at TRB Rock/Instrumentation Committee X

c.“Golden” Accelerometer for Sensor Calibration X

d. Calibration Protocols (How Often?) X

e. Support Research Efforts X
7. Education and Certification Programs

a. Develop Videos (IC101, 201, 202) X

b. Operator Training Programs X
8. Understanding Measurement Influence Depth

a. Produce Technology Transfer Documents X

b. Use 2-Layer Elastic Theory to Describe Behavior (new research) X
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List of Action Items

TTICC

Industry

FHWA

9. Demonstration Projects and Case Histories

a. Continue Developing IC Briefs

b. Share IC Briefs to Wider Audience through TRB E-News Letter

c. Address Equipment Availability/Serviceability Issues

d. Demonstrate Repeatability of Measurement Values

10. In Situ QC/QA Testing Advancements

a. Link to #3 Correlations and #2 Specifications

11.1C Technology Advancements/Innovations

a. Describe Need

b. Moisture Content Measurements on Roller for Soils

c. Enhancements of Temperature Measurements for HMA [Mat Temperature]

12. Standardize Roller Sensor Calibration Protocols

a. Continue Developing IC Briefs

13. Sustainability

a. Develop a Green Value Proposition




Table 4. IC/CCC Research, Implementation, and Educational Elements - Ratings from 2008 to 2012

Rating 2008’ 20092 20103 2011° 2012
. : : . . Data
1 Correlations Specifications Correlations Correlations
Management
2 Education Correlations Specifications Specifications Specifications
3 Moisture Content | Mechanistic QC/ | Mechanistic QC/ Data Correlations
Influence QA QA Management
4 N Non-Uniformity | IC Advancements | Demo Projects Non-Uniformity
Management
5 Demo Projects Data Demo Projects Education Output
) Management ) Standardization
6 Mechag;nc e Demo Projects Non-Uniformity Non-Uniformity | Sensor Calibration
. . Data Output .
7 Non-Uniformity | Influence Depth (e Standardization Education
8 Specifications IC Advancements Outp.ut . Database Influence Depth
Standardization
9 Influence Depth Education Influence Depth Mechaglztlc e Demo Projects
10 Promotlr.lg Best Database Education Influence Depth iEEnEiEe Q1)
Practices QA
11 — — Database IC Advancements | IC Advancements
12 — — Sensor Calibration Sustainability Database
13 — — — Sensor Calibration Sustainability
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Open Discussion between TTICC, FHWA, and Industry
Participants

On Day 2, the action items identified on Day 1 for the TTICC group, industry, and FHWA, were
presented to the participants. The following is a log of discussion between the Day 2 participants and
closing thoughts:

Sandra Larson, Iowa DOT: IC briefs/case histories are a good source of information. It can be shared
through AASHTO & TRB newsletter.

Open Discussion on Green Value Proposition on Sustainability Topic: TTICC needs to develop a
Green Value Proposition - How does IC fit into the “Green Roads Initiative (GRI)”?
Bill Stone, Missouri DOT: Rt. 141 project received green credits because of using bio fuel, no tree
cutting, using IC, etc. The contractor received 24 credits, exceeding the DOT minimum requirement
of 21.
David White, ISU: Is FHWA endorsing this initiative?
Max Grogg, FHWA: FHWA is aware of the initiative, but there is no official endorsement. It is
currently viewed as a score keeping method. Washington State University faculty developed the
method (www.greenroads.org). The university offers a green road certification.
David White, ISU: Does TTICC want us to pursue how IC fits into the GRI rating system?
Ian Rish, Georgia DOT: It would be good to know how IC affects the GRI rating.

Improvements in GPS Vertical Accuracy - Industry Action Item:
Caterpillar and Trimble: Vertical accuracy can be improved, but it can be very expensive. Contractors
are reluctant to invest in it as they don't see value in high accuracy. DOTs need to define what the
criteria are.

Bomag: Bomag recently published a white paper on using elevation data. Will send out an email to the
TTICC group.

General Discussion:
TTICC: How is operator training performed by industry?
Caterpillar and Bomag: Currently operator training is being done independently. The challenge is to
educate everyone involved in the process.
Ian Rish, Georgia DOT: Is there a minimum level of training time or certification that we could
require in the specifications?
Caterpillar: The biggest challenge is to know if DOTs are ready to go for a fundamental change of
moving away from nuclear gauge density testing. Top 10 customers want to move away from a method
specification to a performance specification.
Caterpillar: Can we have NHI course certification?
SHRPRO7: R07 group is currently working on developing a generic guide performance specification
for earthworks. The challenge, however, is how to get acceptance from all 50 states.
Bomag: End-results specification developed for HMA really changed the way things are now done on

| Report of the 2nd Workshop for Technology Transfer for Intelligent Compaction Consortium (TTICC)

29

Transportation Pooled Fund Study Number TPF-5(233)



Report of the 2nd Workshop for Technology Transfer for Intelligent Compaction Consortium (TTICC)

Transportation Pooled Fund Study Number TPF-5(233)

30

HMA projects. DOTs need to change their specifications to move IC implementation forward.
Caterpillar: Many countries are now moving away from design-bid- build (DBB) type contracts to
build-operate-transfer (BOT) type contracts. This puts responsibility on the contractor to build a
quality product and maintain it - this would fundamentally transform how earthwork construction is
done and contractors would then really see the benefit in the technology and accept it. Currently, there
is no incentive for the contractors to use the technology.

Virginia DOT: For what type of project size would it make sense to invest in this technology for the
contractor?

Bomag: One contractor said why not just DOT own the equipment and perform QA?

Trimble: We need to do a better job at explaining it to the contractor on how the technology will pay
for itself. Similar to AMG technologies — contractors need to see the benefit. Change in the contract
delivery mode will guide the contractors’ decision whether or not to use new technologies.
Caterpillar: Australian government is currently building a very large project and planning to use IC
system for mapping only. They see a huge field efficiency gain.

Closing Remarks - What are the main things that are going to help state DOTs move forward?

Virginia DOT: Integrating moisture content into roller measurements is key for soils/aggregates. Also
moving towards using mechanistic based QC/QA methods is important. We will learn more with
experience on demonstration projects.

Georgia DOT: Performance/warranty specifications are the key. Need to have contractor take
responsibility for the product, so they can have equipment that suits to build a quality product.

Iowa DOT: There should be a fundamental transformation within DOTs to move away from
traditional density testing to implementing performance based specifications. We need to provide
contractors an incentive to build quality roads (e.g., with improved uniformity, more stability, etc.).
This would attract contractors to invest in the technology.



Summary of Key Outcomes

Some of the key outcomes from this workshop were as follows:

1. Served as a forum for discussion between state DOT, FHWA, and industry representatives in
addressing the challenges in implementing the IC technology.

2. Updated and prioritized the IC technology research, implementation, and educational needs road

map.

Developed an outline of content for an IC 101 video

4. Developed list of action items for the TTICC group, industry, and FHWA to advance and
accelerate implementation of IC technology into earthwork and asphalt construction practice

w

The discussion between the TTIC group, FHWA and industry representatives identified three major
focus areas as shown in Table 5, that need immediate attention to advance and effectively implement IC
technology into US construction practice.

Table 5. Prioritized IC technology research/implementation needs — 2012 TTICC workshop

High Priority Focus Areas

1. Develop new data management, analysis, and visualization tools

2. Define and establish new standards for quality in road building (performance based
specifications)

3. Explore alternative contract delivery modes for construction projects that support
innovation
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Appendices

Appendix A: Workshop Agenda

Technology Transfer for Intelligent Compaction Consortium (TTICC)
lowa State University Memorial Union — Campanile Room

Ames, lowa

March 6-7,2012

DAY 1

12:00 Lunch (included)

1:05 Welcome and participant introductions - Sandra Larson, PE., lowa DOT

1:10  Review TTICC goals, objectives, schedule - Mark Dunn, P.E., lowa DOT

1:20  State DOT briefings for IC projects and implementation - CA, GA, IA, KY, MO, MS, OH, PA,
UT, VA, and WI

2:30  Break

2:45  Overview of new TTICC case history summaries— Pavana Vennapusa, ISU

3:00 Planning for TTICC IC 101 Video - David White, ISU

3:15  Review IC demo projects/SHRP R02 “Compaction Roadeo”/ SHRP R07 MoDOT 141 Demo and
draft IC proof mapping specification - David White, ISU

3:45 Review and discuss changes to TTICC IC Road Map and define 2012 action items —
Pavana Vennapusa and Kelly Miller, ISU

4:45  Break

5:30  Open discussion and wrap-up
Dinner (included)

DAY 2

7:30  Continental breakfast (included)

8:15  Review of TTICC Road Map and Problem Statement for Industry Consideration -
David J. White, Director of the Center for Earthworks Engineering Research

8:30  Open Discussions - All participants

9:00 Industry Briefings to Technology Transfer for Intelligent Compaction Consortium - Industry
participants provide overviews of technologies

10:30 Break

10:45 Industry Briefings (cont.) and Open Discussion — All participants

11:30 Wrap-up TTICC Meeting and Action Items — Pavana Vennapusa, Center for Earthworks
Engineering Research (facilitator)

12:00 Lunch (included)
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Appendix B: Workshop Attendees

Raj Aggarwal

College of Engineering — ISU
2220C Hoover

Ames, IA 50011

515 294 9824
rka@iastate.edu

Mark Blessen

Wirtgen America, Inc.

6030 Dana Way

Antioch, TN 37013

402 651 3937
mblessen@wirtgenamerica.com

Alfred Casteel
Georgia DOT

15 Kennedy Dr.

Forest Park, GA 30297
404 694 6657
acasteel@dot.ga.gov

Daniel Clark
Pennsylvania DOT

81 Lab Lane

Harrisburg, PA 17110-2543
717 787 3137
danielclar@pa.gov

Chris Connolly

BOMAG Americas

12305 Rockledge Drive
Bowie, MD 20715

301 529 8477
chris.connolly@bomag.com

Allen DeClerk
Caterpillar, Inc.

PO BOX 1875

Peoria, IL 61656

815 878 6867
declerk_allen_j@cat.com

Mark Dunn
Iowa DOT

800 Lincoln Way
Ames, IA 50010
515239 1447

mark.dunn@dot.iowa.gov

Brent Gaschler
Utah DOT
4501 South 2700 West

Salt Lake City, UT 84114

801 965 3816
bgaschler@utah.gov

Heath Gieselman
CEER - ISU

2711 S Loop Dr Ste 4700
Ames, IA 50010

319 238 3827
giese@iastate.edu

Joseph Gray
CNDE - ISU
Applied Science II
1915 Scholl Road
Ames, Jowa 50011
515294 9745
jngray@iastate.edu

Max Grogg
FHWA-Iowa
105 6th Street
Ames, IA 50010
515233 7306

max.grogg@thwa.dot.gov

Edward Hoppe
Virginia DOT
530 Edgemont Rd.

Charlottesville, VA 22903

434 293 1960

edward.hoppe@vdot.virginia.gov

Charles Jahren

Construction Engineering
Division - ISU

456 Town Engineering Building
Ames, IA 50011

515294 3829
cjahren@iastate.edu

Kevin Kane

GIS Facility - ISU
219 Durham Center
Ames, IA 50011
515-294-0526
kkane@iastate.edu

Larry Keach

BOMAG Americas

2000 Kentville Road
Kewanee, IL 61443

309 825 9246
larry.keach@bomag.com

Sandra Larson

Iowa DOT

800 Lincoln Way

Ames, IA 50010

515239 1205
sandra.larson@dot.iowa.gov

Stephen Megivern

Iowa DOT

800 Lincoln Way

Ames, IA 50010

515239 1936
stephen.megivern@dot.iowa.gov

Jim Merchlewitz

Advanced Drainage Systems
3544 Mulberry Drive

St. Paul, MN 55129

612 387 2413
jim.merchlewitz@ads-pipe.com



Alex Middleton

Mississippi DOT

Research Division 86-01

401 North West Street
Jackson, MS 39215

601 359 7001
amiddleton@mdot.state.ms.us

Kelly Miller

CEER - ISU

2711 S Loop Dr Ste 4700
Ames, IA 50010
515294 4615
millerdk@iastate.edu

Peter Narsavage

Ohio DOT

1980 W Broad Street
Columbus, OH 43223

614 644 6638
peter.narsavage@dot.state.oh.us

James Oliver
VRAC - ISU
1620 Howe Hall
Ames, IA 50011
515294 2649
oliver@iastate.edu

Sharon Prochnow
CEER - ISU

2711 S Loop Dr Ste 4700
Ames, A 50010
515294 3781
prochnow@iastate.edu

Terry Rasmussen
Caterpillar, Inc.

AB9740, 7915 N Hale Ave
Peoria, IL 61615

309 494 6321
rasmussen_terry@cat.com

Ian Rish

Georgia DOT

Office of Materials and Research
15 Kennedy Dr.

Forest Park, GA 30297

404 608 4726

irish@dot.ga.gov

Lisa Rold
FHWA-Iowa

105 6th Street

Ames, IA 50010
515233 7307
lisa.rold@thwa.dot.gov

Johan Smet

Trimble Navigation

10355 Westmoor Dr. Ste. 100
Westminster, CO 80021

720 936 0504
johan_smet@trimble.com

William Stone

Missouri DOT

Construction and Materials
1617 Missouri Blvd, PO Box 270
Jefferson City, MO 65102
573526 4328
william.stone@modot.mo.gov

Pavana Vennapusa
CEER - ISU

2711 S Loop Dr Ste 4700
Ames, IA 50010
515294 2395
pavanv@iastate.edu

David White

CEER - ISU

2711 S Loop Dr Ste 4700
Ames, IA 50010
515294 1463
djwhite@iastate.edu

Terry Wipf

CCEE - ISU

390 Town Engineering Bldg
Ames, IA 50011

515294 6979
tjwipf@iastate.edu

Mark Whiting

Caterpillar, Inc.

AB9740, 7915 N Hale Ave
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309 494 1937

Whiting Mark_W@cat.com
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Thank you!







Appendix D: Workshop Products

The following is a list of the products provided for the workshop participants. These are included in the
following pages.
1. TTICC Problem Statement

2. Report of the 1st Workshop for Technology Transfer for Intelligent Compaction Consortium
(available for download from www.ceer.iastate.edu)

3. List of Potential Intelligent Compaction Briefs - By Pavana Vennapusa and David White

4. Intelligent Compaction Briefs:

i. Towa I-29 Pavement Foundation Layer Construction Summer 2009 [Draft]

ii. Minnesota TH64 — Unbound Materials — Summer 2006 [Draft]

iii. Minnesota TH14 — Unbound Materials — Fall 2005 [Draft]

iv. Jowa US218 - HMA Resurfacing — Aug-Sept 2009 [Draft]

v. Mississippi US84 — Untreated and Cement Treated Granular Materials — July 2009 [Draft]

vi. Iowa US30 - Cohesive Embankment - July 2009 [Draft]

vii. Iowa US30 - Hot-Mix Asphalt Overlay - July 2010 [Draft]

viii. Texas FM156 — Untreated and Lime Treated Cohesive Mateirals and Granular Baser Materials
— July 2008 [Draft]

ix. North Dakota US12 - Embankment Subgrade and Geogrid Stabilized Base Materials — August
2010 [Draft]

x. Minnesota Route 4 - HMA Overlay - June 2008 [Draft]

5. Roller-Integrated Compaction Monitoring (RICM) Proof Mapping Guide Specification
6. Research Article - Field Assessment and Specification Review for Roller-Integrated Compaction
Monitoring Technologies, By David J. White, Pavana K.R. Vennapusa, and Heath H. Gieselman,

Advances in Civil Engineering Journal, Volume 2011.

7. MoDOT Hwy 141 Proposed RICM Proof Mapping for Pavement Subgrade - RICM Target Value
Determination and Specification Update [Presentation Slides]

8. Compaction Roadeo Field Demonstration - Hwy 9, Jacksonville, FL [Presentation Slides]

9. List of Intelligent Compaction Technical Publications

| Report of the 2nd Workshop for Technology Transfer for Intelligent Compaction Consortium (TTICC)
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Appendix F: Workshop Evaluation Comments

EVALUATION
Technology Transfer for Intelligent Compaction Consortium (TTICC)
Iowa State University
Ames, lowa

March 6-7, 2012

Did the TTICC meeting meet your expectations?
 Yes. Wish more states had participated
« Yes. Exceed expectations (3 responses)

What was the most useful part of the meeting?
« Day 2 discussions with industry (2 responses)
o Input/issues from other DOTs
« Industry’s new developments and technologies
« Discussion/breakout groups
o Industry

What was the least useful part of the TTICC meeting?
« “Reorganizing priorities” discussion (dragged)
o DOT updates
« Nothing. Everything had a purpose. All useful (3 responses)

What suggestions would you make to improve the next TTICC meeting?
o Hard to say; other than to have progress on various needs/problems/solutions to discuss
« Try to get more DOTs involved
o Industry involved every time!
« Continue dialogue with industry

Additional comments:
« Enjoyed the venue and meals
« Logistics were excellent. Well organized.
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