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Preface

This document summarizes the discussion and findings of the 4th workshop held October 27-28, 2015
in Frankfort, Kentucky, 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, Georgia, Iowa, Kentucky,
Missouri, Ohio, Pennsylvania, Virginia, and Wisconsin. The workshop was hosted by the Kentucky
Transportation Cabinet and was organized by the Center for Earthworks Engineering Research 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 brainstorming sessions on intelligent compaction
road map research and implementation needs, and identification of action items for the TTICC, the Fed-
eral Highway Administration (FHWA), and industry on each of the road map elements to help accelerate
implementation of the technology. Twenty-three attendees representing the state DOTs participating in
this pooled fund study, the FHWA, Iowa State University, University of Kentucky, and industry partici-
pated in this workshop.
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Executive Summary

On October 27-28, 2015, the Kentucky Transportation Cabinet (KYTC) hosted the 4th 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:

« Review and exchange experiences of state DOTs in implementing IC for earthwork and Hot Mix
Asphalt (HMA)

« Review the existing IC specifications

 Facilitate a collaborative exchange of information between state DOTs, the Federal Highway
Administration (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 the TTICC group, the FHWA, and industry

The workshop’s attendees—representing seven state DOTs, the FHWA, Plantmix Asphalt Industry of
Kentucky, and Iowa State University—reviewed the current IC specifications, discussed recent IC pilot
specifications implemented by state DOTs or demonstration projects conducted by state DOTs, discussed
the challenges being experienced by the DOT personnel during implementation and potential solutions,
and voted and brainstormed 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
updated in the previous workshops. The top three IC research/implementation needs are now (1) data
management and analysis, (2) sustainability and return of investmen, and (3) correlations between IC
and in situ test measurements. The revised IC road map is presented in Table 1. After updating the IC
roadmap, the group identified action items for the TTICC group, the FHWA, and industry for advancing
the top three road map elements.

This forum served 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 construc-
tion practice and developing a short list of items that the TTICC team can use to help advance the IC
road map research/implementation priorities. An IC workflow process has been developed as part of this
effort linking the design, construction, and testing phases of a project.



Table 1. Prioritized IC technology research/implementation needs - 2015 TTICC workshop

Prioritized IC/CCC Technology Research/Implementation Needs

1. Data Management and Analysis (18%)

2. Sustainability/ROI (16%)

3. Intelligent Compaction and In Situ Correlations (13*)
4. Education Program/Certification Program (11%)

5. InSitu Testing Advancements and New Mechanistic
Based QC/QA (10%)

6. Intelligent Compaction Specifications/Guidance (6*)

7. Project Scale Demonstration and Case Histories (3*)

*total votes are provided in parenthesis

10.

11.

12.

13.

Standardization of Roller Outputs and Format Files (3*)

Understanding Impact of Non-Uniformity of
Performance (2¥)

Standardization of Roller Sensor Calibration Protocols
(1%)

Intelligent Compaction Technology Advancements and
Innovations (1%*)

Understanding Roller Measurement Influence Depth (0%)

Intelligent Compaction Research Database (0%)
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Introduction

Technology Transfer Intelligent Compaction Consortium (TTICC)

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

life pavements and infrastructure 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, the 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 Hot
Mix Asphalt (HMA) since 2008 and developed a roadmap to address the research, implementation,
and educational needs to integrate intelligent compaction (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 lowa 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 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, Ohio DOT, Pennsylvania DOT, Virginia DOT, and
Wisconsin DOT (Figure 1).

The goals of the TTICC are as follows:

 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

o 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 4th TTICC Workshop held on
October 27-28, 2015 in Frankfort, Kentucky. The workshop was attended by sixteen representatives from
state DOTs, two representatives from the FHWA, two representatives each from Iowa State University
and University of Kentucky, and one representative from industry (Plantmix Asphalt Industry of
Kentucky). A picture of the participants on Day 2 is provided in Figure 2.

'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 Iowa Department of Transportation,
March 1-2.
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Figure 1. TTICC pooled fund study participating states (highlighted in red) as of 2015

Figure 2. Picture showing TTICC participants on Day 2



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

» Review and exchange experiences of state DOTs in implementing IC for earthwork and HMA

o Review the existing IC specifications

+ Facilitate a collaborative exchange of information between state DOTs, the 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 the TTICC group, the FHWA, and industry

The workshop was held over two days. The workshop events involved introductions with a brief review
of each participant’s technical focus and job responsibilities; overview of the TTICC project goals, objec-
tives, and deliverables; state DOT briefings for IC projects and implementation; discussions on the recent
IC specifications and challenges associated with implementation of those specifications; reprioritizing IC
research, implementation, and educational needs; and defining the TTICC goals for 2016.

Updates by CEER, state DOT briefings for IC projects and implementation, general discussions, priori-
tized IC implementation road map, and proposed action items for the TTICC, the FHWA, and industry
to advance IC research and implementation are presented in the following sections of this report.

The complete workshop agenda is included in Appendix A, and a list of attendees is provided in Appen-
dix B. A copy of all workshop presentations and products provided to the participants is provided in
Appendices C and D, respectively. Comments evaluating the workshop are included in Appendix E.
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TTICC Update by CEER

A presentation was made summarizing background information on IC for soils and HMA and the
TTICC efforts. Presentation slides are provided in Appendix C. A log of discussion points during the
presentation are as follows:

Slide 11 [Comment by Daniel Clark, Penn DOT]: It would be good to know how tire influence depth
compares with roller influence depth on Slide 11 of the presentation.

Slide 13 [Comment by Daniel Clark, Penn DOT]: How can one settle on the color scale?

Response by David White: The color scale should be adjusted based on field calibration. It can be
simplified to more of a pass/fail map [two colors] if the data is calibrated.

Slide 13 [Comment by Daniel Clark, Penn DOT]: There are many relatively small areas that show low
values. How can we definitely say the area is statistically different that areas around it?

Response by David White: This is an important issue to address. There are data analytic methods to
define this and must be integrated into the display so decisions can be made on site. We are currently
working on this.

Slide 16 [Comment by Ian Rish, Georgia DOT]: Doing field correlations is tough. We have a lot of data
with density, but it has poor R? values.



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 one
sessions.

Georgia DOT: Used on Brunswick project on subgrade and base. Compaction meter values did not work
properly on the subgrade, so the contractor used machine drive power (MDP) because it could be used in
static mode. Contractor rented the equipment. The project is completed. No correlation was found with
nuclear gauge density. Also used on another project in the north part of the state. The project consisted
of micaceous soils. Contractor used MDP with static compaction. Contractor bought the equipment.
Again, correlation with nuclear gauge density was poor. Would have been great to have a dynamic cone
penetrometer (DCP) on site. Georgia DOT has been considering performance specifications. Using Veta
has been challenging. Trimble’s VisionLink software was relatively easy to use. Post-processing the data is
still very challenging.

Missouri DOT (Bill Stone): As indicated during last year’s meeting in early 2014, Missouri DOT did a
proof of concept with pass count and coverage only on HMA. Used Hamm and Caterpillar rollers. Goal
was to expose contractor to IC. Contractor rented the rollers. Data imported to Veta. Data filtering and
processing became challenging with data from multiple rollers. We did a blind study for two days and
then used IC on the remaining days. VisionLink was used to get data from rollers. NOBA IR scanner
was used for one week. This project was done as proof-of-concept with temperature and roller passes
only, no stiffness measurements were used. One more project was planned in a rural area, but had poor
GPS coverage. In 2015 we started using IR technology for HMA. We formed an IC specification team at
Missouri DOT. Draft performance specifications for HMA has been developed and working on soils and
embankment as part of the SHRP R07. Need to get a request for proposal out to develop a specification
probably by end of the year.

Missouri DOT (Kevin McClain): Finishing a study on evaluating alternatives for nuclear gauge. Evalu-
ated nine different test devices. Worked on several active project sites—mostly small sites. Looked at
operating costs for nuclear gauge versus others. We also evaluated DCP and light weight deflectometer
(LWD) tests by going through chiropractor services—looking on fatigue on field personnel. DCP is
found to be a great tool to figure out how much material need to be excavated. Prices are dropping on
LWD. A combination of LWD and DCP is a good idea moving forward. Moisture testing using a micro-
wave was evaluated. Not interested in time-domain reflectometer devices. Currently working on papers
and will make it available to all when ready.

Ohio DOT: Ohio DOT has been in standby mode for HMA as the results are influenced by the underly-
ing layer. For earthwork we conducted two demo projects two years ago. We had similar problems with
correlations as others reported—poor R* values with density and LWD modulus as well sometimes. The
contractor who did the demo used IC rollers on shale gas projects and also used it on a public-private
partnership 70-mile-long project on some portions.
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Iowa DOT: Iowa DOT has not done any new implementation projects since 2014. We have used it on
the Highway 65 project as discussed by Dave White in the presentation. Contractor provided positive
feedback. Iowa DOT is looking into whether or not to participate in the Veta pooled fund study initiated
by Minnesota DOT.

Pennsylvania DOT: See presentation slides in Appendix C. Average cost of using IC was about

$0.15/yd>. There were some issues with GPS signal on roads with trees and stray electrical signal (over-
head electrical wires). We are trying to prepare a new specification by the end of the year. We did monitor
temperature, but not sure how it helped. There were software issues with Veta. There are not enough
people in the DOT to handle the data and keep up with the software updates. Biggest issue was that old
version (version 2) files were not compatible with the new version (version 3). Pennsylvania DOT spent
nearly $1 million on using IC on projects, cannot define what the return on investment is. Pennsylvania
DOT is organizing a conference call with Volvo on their new technology. If anyone is interested, they can
join the call.

Comment from the FHWA: We are also having same problem with explaining return on investment and
we are working on it.

KYTC: See presentation slides in Appendix C. Kentucky DOT is planning on using IC on an asphalt
overlay over bridge. University of Kentucky is working on a research project to gather data. IC specifica-
tions were written for an embankment subgrade/base/HMA paving project. 80% coverage requirement
was specified. We are still using nuclear gauge for QA on soils and cores for QA on HMA. Not sure how
we address the correlations issue.

Virginia DOT: There is a lot of reluctance in the upper management at the Virginia DOT. Also many
contractors are not ready for implementation. Many small issues to resolve, as everybody discussed, but
these are becoming major hindrances for implementation.

FHWA: EDC-2 initiative included IC. Many states are now using the FHWA guide specifications to
develop their specifications. There are two new “roadeos” coming up—one in California on HMA and
one in Texas on soils. University of Texas at El Paso is conducting research for project in Texas. Veta new
version is in development as part of the two-year pooled fund study. Trying to resolve many of the issues
discussed today. Most big contractors are okay to use IC since it is only for QC now. Small contractors are
very reluctant because of the capital cost.



General Discussion and Updated IC Implementation
Road Map and Action Items for TTICC, FHWA, and
Industry

The TTICC group voted on the IC technology research/implementation needs identified in the 3rd work-
shop report. Each group member was given seven votes. The prioritized list of IC technology research/
implementation needs is presented in Table 1. Table 2 presents the change in the ratings of different road-
map elements since 2008, highlighting the transitions of top-rated 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 since 2012, including this year.

Progress with pilot IC specifications recently implemented by the DOTs and firsthand experience on
challenges associated with real-time data transfer and analysis has shaped the prioritized rankings. The
sustainability/return of investment element moved from rank 4 (in 2014) to rank 2 this year as a result
of many participants feeling the importance of characterizing the economic advantage associated with
using IC both during construction and in long-term because of potentially improved performance. This
has been viewed by the participants as one of the major roadblocks in convincing the contractor, senior
management, and DOT to implement IC.

The revised roadmap elements are presented in Table 3. 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 the TTICC, the FHWA, and industry. Table 4
presents the action items identified for the TTTIC group, the FHWA, and industry on each of the road-
map elements.

The data management element was discussed further by the team (per notes from Figure 3) and the fol-
lowing were identified as key elements that IC data analytics software should include:

1. Link to user need (inspector, contractor, or engineer). This will define the type and level of analysis
tools.

2. Provide guidance on how to set scales—relate to target values based on on-site calibration. Three

color scale (Good, Marginal, Bad).

Built-in calibration data analysis capability including proper statistical analysis.

Link results to ArcGIS collector (mobile device) or something simpler to be able to collect and enter

data in an easy way.

Conduct project scale as well as lot scale analysis. Current IR scanner uses 150 ft for lot scale analysis.

Link to Soil ID through asset management data.

Link to design, and QC/QA data.

Show “area of interest” based on the IC measurement values. The area should of high statistical

significance for additional work. Also, provide guidance on action plan (rework or additional com-

paction or dry, etc.).

Ll
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9. Random sampling for QA—need a test point locator that can provide a truly random sample and
provide needed documentation.

10. Incorporate ability to determine lot boundaries on the “fly” so the QA test locations are truly random.

11. Incorporate ability to calculate real-time unit quantities.

During the workshop meeting the IC workflow process was discussed and it was decided that it would
be helpful to establish a list of the key workflow processes. By better understanding the many decisions
and groups within the DOT, agencies need to provide input to the workflow; improved and more effec-
tive outcomes are expected. Figure 4 illustrates a preliminary workflow process for integrating IC into
projects. The intent of the preliminary workflow is to organize discussion moving forward such that each
agency can develop customized workflow processes that meet their internal needs. A key elements of
the workflow is the ability to communicate various input needs through the process of selecting IC for
projects and developing effective specification requirements.

Table 1. Prioritized IC technology research/implementation needs - 2015 TTICC workshop

Prioritized IC/CCC Technology Research/Implementation Needs

1. Data Management and Analysis (18%) 8. Standardization of Roller Outputs and Format Files (3*)

2. Sustainability/ROI (16*) 9. Understanding Impact of Non-Uniformity of
Performance (2¥)

3. Intelligent Compaction and In Situ Correlations (13%*)
10. Standardization of Roller Sensor Calibration Protocols
*
4. Education Program/Certification Program (11%) )
5. InSitu Testing Advancements and New Mechanistic U :Ezﬂcgggag?m)pamon Technology Advancementsand
Based QC/QA (10%)

6. Intelligent Compaction Specifications/Guidance (6¥) 12. Understanding Roller Measurement Influence Depth (0%)

. . "
7. Project Scale Demonstration and Case Histories (3*) 13. Intelligent Compaction Research Database (0*)

*total votes are provided in parenthesis



Table 2. IC/CCC research, implementation, and educational elements, ratings from 2008 to 2015

Rating 2008’ 20092 20103 2011* 2012 2014 2015
1 Correlations | Specifications Correlations Correlations Data Data Data
Management Management Management
2 Education Correlations Specifications Specifications Specifications Education Susta::‘nca)\lblllty/
Moisture I L
3 Content Meocjg?(g:tlc Mchg?(g:tm ManaDa;?nent Correlations Correlations Correlations
Influence 9
Data Non- IC . . . Sustainability/ .
4 Management Uniformity Advancements DEMBIAESES | Nermueiths ROI B
Demo Data . . Output . . Mechanistic
> Projects Management Demo Projects Education Standardization PSS QC/QA
Mechanistic . . . . . Sensor . . . .
6 QC/QA Demo Projects | Non-Uniformity | Non-Uniformity Calibration Non-Uniformity | Specifications
7 Non- Influence Data Output Education Mechanistic Demo Proiects
Uniformity Depth Management | Standardization QC/QA )
. . IC Output Influence Output
8 HpEE e e Advancements | Standardization BETEISRE Depth IS B Standardization
Influence . Influence Mechanistic . Sensor . .
9 Depth Education Depth QC/QA Demo Projects Calibration Non-Uniformity
Promoting . Mechanistic IC Sensor
10 Best Practices Database Education lufucpeclEiet QC/QA Advancements Calibration
IC IC IC
1 - o SCIEIEES Advancements | Advancements Datakess Advancements
12 — — S.enso.r Sustainability Database Demo Projects | Influence Depth
Calibration
Sensor T Output
13 o o o Calibration e e Dol
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Table 3. Revised IC road map research, implementation, and educational elements - 4th TTICC workshop

IC Road Map Research, Implementation, and Educational Elements

1. Data Management and Analysis [1*]. 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, and management, and be based on a statistically reliable framework that provides
useful information to assist with the construction process control. This research element is cross cutting with ele-
ments 2,3,5,7,8,11,and 12.

2. Sustainability/Return of Investment [4*]. This research element involves evaluating benefits of IC in terms of sus-
tainability aspects such as the potential for use of less fuel during construction, reduced life-cycle and infrastruc-
ture maintenance costs, etc.

3. Intelligent Compaction and In Situ Correlations [3*]. This research element will develop field investigation pro-
tocols 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).

4. Education Program/Certification Programs [2*]. 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 National Highway Institute training courses.

5. In Situ Testing Advancements and New Mechanistic Based QC/QA [7*]. 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.

6. Intelligent Compaction Specifications/Guidance [5*]. 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.

7. Project Scale Demonstration and Case Histories [12*]. 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.

*1st TTICC workshop rating.



Table 3. Revised IC road map research, implementation, and educational elements, 4th TTICC workshop

10.

11.

12.

13.

Standardization of Roller Outputs and Format Files [13*]. This research element involves developing a standard-
ized format for roller output and format files. This element crosscuts with specification element 2.

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 m input parameters.
Much needs to be learned about spatial variability for earth materials and HMA and the impact on system perfor-
mance. This element is crosscutting with elements 1, 2, and 7.

Standardization of Roller Sensor Calibration Protocols [8*]. IC rollers are equipped with measurement sensors
(e.g., accelerometers in the case of vibratory-based technologies), GPS, data logging systems, and many onboard
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.

Intelligent Compaction Technology Advancements and Innovations [10*]. 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.

Understanding Roller Measurement Influence Depth [9%]. 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.

Intelligent Compaction Research Database [11*]. 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
long-term 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.

*3rd TTICC workshop (2012) rating.
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Table 4. Updated action items for the TTICC project team, the FHWA, and industry

List of Action Items TTICC FHWA | Industry
1. Data Management and Analysis
a. Define requirements (how to deal with legal issues in data sharing, and .
how to archive data) X
b. Discuss with other state DOTs X
c. Enhance Capabilities of Software X X
d. Need Real Time Data Processing/Delivery Capabilities X X
e. Identify Future Use Needs for Data X X
4. Sustainability/Return of Investment (ROI)
a. Develop a Green Value Proposition X
b. Cost Information (Capital and Life-Cycle) x2 x?
c. Improvement in Safety X X
3.1Cand In Situ Correlations
a. Develop a Standard Calibration Procedure and Best Practices Document x3
b. Problem Statement to Better Assess Influence of Moisture Content X
d. Support Research Efforts X

Figure 3. Picture showing TTICC participants identifying future data analytics needs as part of data management

'Tdentify GIS data archival protocal (one page)
*Need to get cost information for rolling operations (fuel and personnel time) with and without IC
’NCHRP synthesis on existing correlations
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Summary of Key Outcomes

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

1.

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

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

Developed list of action items for the TTICC group, the FHWA, and industry to advance and
accelerate implementation of IC technology into earthwork and asphalt construction practice.
Developed a preliminary IC workflow process that links design, construction, and testing phases.



Appendices

Appendix A: Workshop Agenda
Tuesday, October 27 — Room C107

8:00 am Coftee and continental breakfast available

8:30 am Introductions

9:00am TTICC update by CEER (tech transfer, upcoming IC opportunities, etc.)

9:30 am  State DOT IC implementation updates (CA, GA, IA, KY, MO, OH, PA, VA, and the
FHWA)

10:00 am Morning break

10:15 am State DOT IC implementation updates (continued)

10:45 am Kentucky IC experience and showcase projects(s)

12:00 pm Lunch

1:00 pm Working session to comment on existing and alternative IC specification (HMA and
grading)

3:00 pm Afternoon break

3:15 pm Working breakout discussions (continued)

4:30 pm  Wrap up

6:00 pm Informal dinner at a local restaurant

Wednesday, October 28 — Room 512

8:00am Coffee and continental breakfast available
8:15am Working breakout sessions to identify and discuss:
 Specifications
» QC/QA problems, challenges, opportunities
o Re-prioritize/add/delete IC/CCC technology research/implementation needs
« TTICC goals and future needs
10:00 am Morning break
10:15 am Working session (continued)
11:00 am Summary and direction forward
11:30 am Wrap up
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Appendix B: Workshop Attendees

Michael Arasteh

Federal Highway Administration
410-962-0678
michael.arasteh@dot.gov

Alfred Casteel
Georgia DOT

15 Kennedy Drive
Forest Park, GA 30297
404-694-6657
acasteel@dot.ga.gov

Daniel Clark
Pennsylvania DOT
81 Lab Lane
Harrisburg, PA 17110
717-787-3137
danielclar@pa.gov

Erika Drury

Kentucky Transportation Cabinet
SHE Office

502-782-5162
erica.drury@ky.gov

Clark Graves

Kentucky Transportation Center
176 Raymond Building
Lexington, KY 40506
clark.graves@uky.edu

Darrin Grenfell

Federal Highway Administration — KY Division
502-223-6727

darrin.grenfell@thwa.dot.gov

Edward Hoppe

Virginia DOT

530 Edgemont Road
Charlottesville, VA 22903
434-293-1960
edward.hoppe@vdot.virginia.gov

David Hunsucker

Kentucky Transportation Center
176 Raymond Building
Lexington, KY 40506
859-257-8313
david.hunsucker@uky.edu

Jeremiah Littleton

Kentucky Transportation Cabinet
SHE Office

502-229-8626

jeremiah littleton@ky.gov

Matt Looney

Kentucky Transportation Cabinet
SHE Office

matt.looney@ky.gov

Kevin McLain

Missouri DOT

Construction and Materials
1617 Missouri Blvd, PO Box 270
Jefterson City, MO 65102
573-680-0737
kevin.mclain@modot.mo.gov

William Nolan

Kentucky Transportation Cabinet
SHE Office

502-564-4890
william.nolan@ky.gov



Ian Rish

Georgia DOT

Office of Materials and Research
15 Kennedy Drive

Forest Park, GA 30297
404-608-4726

irish@dot.ga.gov

Adam Ross

Kentucky Transportation Cabinet
360 Crossfield Drive

Versailles, KY 40383
502-782-5155

adam.ross@ky.gov

Melissa Serio

Iowa DOT

Office of Construction & Materials
800 Lincoln Way

Ames, IA 50010

515-239-1280
melissa.serio@dot.iowa.gov

Jason Siwula

Kentucky Transportation Cabinet
SHE Office

502-564-3730
jason.siwula@ky.gov

Stephen Slomski

Ohio DOT

Construction Administration
1980 West Broad Street
Columbus, OH 43223
614-466-4318
stephen.slomski@dot.state.oh.us

William Stone

Missouri DOT

Construction and Materials
1617 Missouri Blvd, PO Box 270
Jefterson City, MO 65102
573-526-4328
william.stone@modot.mo.gov

Pavana Vennapusa

CEER, ISU

2711 S Loop Drive, Suite 4700
Ames, [A 50010
515-294-2395
pavanv@iastate.edu

Mark Walls

Kentucky Transportation Cabinet
SHE Office

502-782-5150

mark.walls@ky.gov

Brian Wood

Plantmix Asphalt Industry of KY
502-223-3415

brian@paiky.org

David White

CEER, ISU

2711 S Loop Drive, Suite 4700
Ames, TA 50010
515-294-1463
djwhite@iastate.edu
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Appendix C: Workshop Presentations

The following presentations were made at the workshop event and are provided herein in that order:
1. TTICC General Meeting Slides
2. History of IC in Kentucky
3. Asphalt Density Acceptance and Intelligent Compaction Field Trails (KYSPR 16-523)
4. Intelligent Compaction Update — Pennsylvania
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Technology Transfer for Intelligent Compaction Consortium (TTICC) 4™ Workshop Meeting

AGENDA - Tuesday, October 27, 2015

00 am Cottoo and continental broakast svailable
&30 am Imroductions

300 am TICC wpdate by CEER (lach traster, e, upcoming IC oppertonting)

%30 am State DOT IC implementation updates [CA, GA. LA K, MO, O, PA VA, & FHIWA)

10:00 am Morning broak
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12:00 pm Luneh

100 pm ‘Working sessin b comment on axisting and aematie I speciications (HMA and grading)

300 Afternoon broak

315 pm Workeng $issn hcubison (costined)

430 pm Wrap g
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TTICC General Meeting Slides
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Federal Highway Administration Pocled Fundy Study TPF-5(233)

IC 101 video provides a broad overview of
the technology — developed by TTICC

You((TT

Date Published
1WEH2014

Statistics.

25 of 102012015,
Mo of views: 5,380
No. of Countries: TO

Center for Earthworks
Engineering Research

IowWA STATE UN

IC technology presents a paradigm shift in
earthwork construction QC/QA

+ Traditional QC/QA @ 1:1,000 to 1,000,000 ft* to
1:1 using IC measurements

Random testing can be a
hit and miss proposition in
catching “weak”™ areas
during construction

Center for Earthworks
Engineering Research

IOWA STATE UNIV

IC rollers for soils and aggregates
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IC rollers for soils and aggregates

Sakai: CCV Case/Ammann: k, Hamm:
CMV/IOMV

Center for Earthworks
Engineering Research

IOWA STATE UNIVERSITY

Report of the 3rd Workshop for Technology Transfer for Intelligent Compaction Consortium (TTICC)

Transportation Pooled Fund Study Number TPF-5(233)

-
(-]



Report of the 3rd Workshop for Technology Transfer for Intelligent Compaction Consortium (TTICC)

Transportation Pooled Fund Study Number TPF-5(233)

N
o

TTICC General Meeting Slides

IC rollers for HMA
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Cantar for Earthworks
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Overview of different IC measurements for Soils,
Aggregate, and HMA
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IC measurements provide repeatable
measurements
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IOWA STATE UNIVERSITY Engineering Research

IC measurements are empirically related to:
- Stiffness / Modulus
Shear Strength
- Moisture content
+ Dry Density - in limited scenarios!

IC measurements are influenced by:
Roller size

- Vibration amplitude & frequency

+ Roller speed

- Soil type and stratigraphy

Center for Earthworks

IOWA STATE UNIVERSITY Engineering Research

IC measurements have a deeper measurement
influence depth than other in situ tests
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IC output on cohesive embankment construction
project show soft area with higher moisture content

White et al. (2010)

Center for Earthworks

Engineering Research

IC measurements over eight passes on lime
stabilized subgrade show compaction improvement

b Pl 4 5 5 7 v

IC measurements identified isolated concrete
culvert beneath the base layer

White etal {2010}

Center for Earthworks

Engineering Research

IC measurements correlate better with modulus
compared to density measurements
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IC measurements are related to rut
measurements and plate load test moduli
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measurements and plate load test moduli
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TTICC General Meeting Slides

IC data on multiple embankment layers provides
the opportunity for 3D visualization of the data

White et al. (2010)

Ce or Earthworks

Engineering Research

IC data from multiple lifts can be visualized
in a 4-D space

Center for Earthworks
Engineering Research

Advanced data analytics can be used to
slice 4D-data and diagnose “weak” areas

Center for Earthworks
Engineering Research

IOWA STATE UN

IC roller pass coverage and MDP values on
cohesive embankment project

Center for Earthworks

IOWA STATE UNIVERS [ Engineering Research

Perspective from contractor after using the
IC roller on an earthwork project in lowa

You can
said. “States r tat 1
maintenance. If the base has no weaknesses, you'll onl
replace a wear course from time to time. That is a huge co
at a time when every dime is being watched

“Most of those passes are a waste,” Taylor said. "Many times on
jobsites, we could probably get compaction densities with haul
trucks. We might not even need rollers. But the specs call for eight
passes, so we make them.”

“You can't leave technology like this on the shelf,” he said. “You
would have better measurements, and better roads, at a lower cost.
Those are tough points to argue.”

Center for Earthworks
Engineering Research

IowA STATE UNIVERSITY
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TTICC General Meeting Slides

Roller pass coverage can be improved using
IC data on HMA pavements

08/1/08 Using On-Board Monitor
—Pass Coverage Map

p e
Y

08/31/09 Blind Study —
Pass Coverage Map N .
White et al. (2011)

Center for Earthworks
Engineering Research

IOWA STATE UNIVERS
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IC measurements correlate better with
modulus compared to density
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Results on HMA project on US218 Overlay Project, lowa White et al. (2011)
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Engineering Research

Goal: reduce risk of not meeting minimum
QC/QA and design requirements
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$ in QC/QA not bringing max. value (e.g., improving
field control process; representative tests;
measuring wrong parameters; etc.)

Center for Earthworks
Engineering Research

IOWA STATE UNIVERSITY

IOWA STATE UNIVERSITY

Statistics shows that risk is quantified and
related to QC/QA test frequency
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1 10 100 1000 10000

Number of samples to determine what proportion of an area is
above/below a minimum specified value

wicalibration

Center for Earthworks
Engineering Research

Resilient modulus maps can be developed
with IC data with proper field calibration

| Integrated Compacticn Monitoring

Center for Earthworks

Engineering Research

Summary of range of R? values between different
vibratory based ICM measurements and in situ
measurements documented in the literature
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(200+)

70+

ResearchDemonstration Projects

Cumulative
Number of
Projects

2000 2004 2 2006 2007 2008 2009 2010 2011 2012 2043 2014

Center for Earthworks
Engineering Research

IC Earthwork Projects in US: 63

Center for Earthworks
Engineering Research

IOWA STATE UN

IC HMA Projects in US: 121

Center for Earthworks
Engineering Research

IOWA STATE UNIVERSITY

IC HMA & Earthwork Projects in US: 9

Center for Earthworks
Engineering Research

IOWA STATE UNIVERSITY

IC CIR Projects in US: 9

Center for Earthworks
Engineering Research

IOWA STATE UNIVERSITY

All'IC Projects in US: 212

Legend
Material Type
« Unkncun
HAMA
Eartfraork
*  Earfraork and HMA
* CR

Center for Earthworks
Engineering Research

IOWA STATE U
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Center for Earthworks
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Technology Transfer for Intelligent Compaction Consortium (TTICC) 4™ Warkshop Meeting

IC implementation challenges CEER Update — WOCA, ASCE Papeis

“Suitainabiilityefnercy, snd the Geoenvironmenf®

1. Easy to use data management solutions are needed

2. Engineers need proper training on interpreting 1C
measurements and re|evant Soﬂware‘s b 4|l|'|-"-::|-l'::::rr:':;ﬂhu—unr—ﬂ-N Aiflaninrs of Tosvimdabnss. oot isnSh e v st ligrat ospan it

e, remsnts for het-mils aephal

3. Calibration protocols with correlating IC measurements
with design parameters are needed

Center for Earthworks

IOWA STATE UNIVERSITY Engineering Research
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Technology Transfer for Intelligent Compaction Consortium (TTICC) 4™ Workshop Meeting

CEER Update = CARCI 2015 Conference

o 21 papers
= Topics

¥ mobile robotic
operations
visual analysis
terrain modeling
simulations inspired by
natural processes
multi-dimensional
modeling
3D printing
SENSOrs
data processing, and
new applications for
construction
technologies

RN

Proceedings of the 2015
Conference on Autonomous
and Robotic Construction
of Infrastructure

<

Edited by Darvid 1 Vibae, Alwmad Abasan.
i Paans

s

TPV, STATE UNIVERSITY Free Download &

EPubs version also available
for easyviewingon

‘smart phone;/tablet.

TTICC General Meeting Slides

Technology Transfer for Intelligent Compaction Consortium [TTICC) 4™ Workshop Meeting

CEER Update - IC101

LR TN

Video Viewing Statistics

CEER YouTube Channel
Date Published: 1352014
Slasasis aa of pEoAS"
Mumberof Views: 4300
Minutes Watched: 10 nays
Mo.of Countries: 12

soa veste

Yol i

CEER

Technology Transfer for Intelligent Compaction Consortium (TTICC) 4® Workshop Meeting
CEER Update = TTICC Website updated with T2
summaries, IC 101 video, and database of IC projects

Istograted Earthwerk Opeestions

TECHHOLOGY TRANSFER INTELLIGENT COMPAC ION CONSORTIUM

www.ceer.iastate.edu/tticc

CEER

Technology Transfer for Imelligent Compaction Consortium (TTICC) 4™ Workshop Meeting

———— CEER Update - Webpage, and T2 Briefs

wwiwceariastate edu/ttice

Technology Transfer for Intelligent Compaction Consortium (TTICC) 4* Workshop Meeting

AGENDA - Tuesday, October 27, 2015

200 am Cetlon and continantal benakdast svailable

30 am Introductions

%00 am TNCE update by CEER (lech transter, wdeo, upcoming IC opportenities)

330 am State DOT IC implementation updstes (CA, GA, LA, KY, MO, OH, PA VA, & FHIWA)
10:00 am Morming break

10515 am State DOT I implementation updates. fcontinesd)

1100 am Harkatky I axpaonsce and showcass prometis]

12:00 pm Lunch

1:00 pm. ‘Working ses50n t2 Comment 0n estng and atematve K specicatons (WA and gradng)
300 pm Afternoon break

245 pm Workng $#3sn discusiaon (costinged)

430 pm Wrap g

00 pm Cunar

CEER

Technolegy Transfer for Intelligent Compaction Consortium (TTICC) 4™ Workshop Meeting

Specification Review

* Current status of specifications

* Review NCHRP 10-77 AMG Guide Specification
* Review NCHRP 10-77 AMG Workflow

* AASHTO Specification

* Alaska Specification

* California CIR Specification

CEER
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Technology Transfer for Intelligent Compaction Consortium [TTICC) 4™ Workshop Mesting

Il Overall AMG Workflow Processes
ey (Draft NCHRP 1077)

CEER

TTICC General Meeting Slides

Technology Transfer for Intelligent Compaction Consortium (TTICC) 4" Workshop Meeting

Pavement Recycling with Intelligent Compaction —
CalTrans Specification Section 30-6

* Requires Mapping Existing Pavement prior to CIR
mix design
« |C roller key features
* Temperature
* Pass count and coverage
* IC-MVs (stiffness based value)
* RTK-GPS
« Quality Control

* Roller passes should comply with target determined
from test trip

CEER

Technology Transfer for Intelligent Compaction Congortium (TTICC) 4™ Workshop Meeting

Pavement Recycling with Intelligent Compaction —
CalTrans Specification Section 30-6

* Test Strip for Target Values
+ 500 ft long x full width

* NG testing every pass (3 locations) to establish break
over point

+ 10 NG tests after break over point pass
* Create compaction curves using Veda for NG and IC-MVs
* Target # Passes = Passes associated with break over
point density ?
* Production CIR Compaction
* 90% of area > Target # Passes determined from Test Strip

CEER

Technology Transfer for Intelligent Compaction Consortium (TTICC) 4™ Workshop Meeting

Intelligent Compaction for Hot Mix Asphalt — CalTrans
Specification Section 39-8

* |C for HMA on breakdown and intermediate rollers

* IC roller key features
+ Temperature
* Pass count and coverage
+ IC-MVs (stiffness based value)
* RTK-GPS

* Quality Control

Roller passes should comply with target determined from test
trip

HMA temperature for first coverage of breakdown
compaction

HMA temperature at the completion of intermediate
compaction

IC-MVs only if HMA > 0.15 ft thick

CEER

Technology Transfer for Intelligent Compaction Consortium (TTICC) 4*™ Workshop Meeting

Intelligent Compaction for Hot Mix Asphalt — CalTrans
Specification Section 39-8

* Test Strip for Target Values — Targets???
600 ft long x full width

NG testing every pass (3 locations) until it remains constant or
decreases

10 NG tests after final pass

Target Density = Peak NG Density (or Avg.?) achieved within

the compaction temperature range for the mixture

Target IC-MV = |C-MV with < 5% increase compared to the
previous pass (Avg. 7)

Target IC-MV = |C-MV corresponding to specified target
density (% comp) using linear regression analysis from Veda
Target # of Passes (not clearly defined)???

Technology Transfer for Intelligent Compaction Consortium (TTICC) 4™ Workshop Meeting

Intelligent Compaction for Hot Mix Asphalt — CalTrans
Specification Section 39-8

* Production HMA Compaction
+ Pass Count: 90% of area > Target determined from Test Strip
+ Temperature: = 95% of area within +/- Specified Range

* 1C-MVs: If IC-MV < 90% of Target Value (from test strip),
perform NG test for compliance

* If IC-MV < 80% of Target Value, establish a new target value.
* Question: Do these parameter settings relate to desired
quality and smoothness?

* Question: How will contractor implement?

CEER
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Technology Transfer for Intslligent Compaction Consortium (TTICC) 4™ Warkshop Meeting

VETA Update

INTELLIGENT COMPACTION

it

Download Veta

VETA

INTELLEGENT CONSTRUCTION

= it

Vita Software Dewnload

CEER

TTICC General Meeting Slides

Technology Transfer for Intelligent Compaction Consortium (TTICC) 4™ Workshop Meeting

NCHRP 24-45 Study

e e g Y=

REARCH L

CEER

Technology Transfer for Intelligent Compaction Consortium (TTICC) 4™ Workshop Meeting

Exercise to prioritize research needs

CEER

Technology Transfer for Intelligent Compaction Consortium (TTICC) 4™ Waorkshop Meeting

EAS Software demo

CEER

Technology Transfer for Intelligent Compaction Consortium (TTICC) 3™ Weorkshop Meeting

1:00 to 3:00 PM - BREAKOUT SESSIONS

GOALS are to identify and discuss:
» Overall grading and HMA compaction and QC/QA problems, challenges,

opportunities

v

Re-prioritize/add/delete |C/CCC technology research/implementation
needs

= See 2™ Workshop Report Executive Summary

v

Training needs for contractors and agency personnel

v

Review for HMA, aggregate bases, and soils specifications (Mn/DOT,
FHWA, SHRP2 R02)
TTICC goals for 2015

v

| CEER

Technology Transfer for Intelligent Compaction Consortium (TTICC) 4*" Workshop Meeting

AGENDA - Thursday, September 4, 2014

T-46am Shutthe picks up pasticipants at Crowne Plaza Hotel and transpens 16 PernDOT
8200 am Coffee and continental breakiast available

8:15am aggmﬁmms‘e&;n:solls fcspee ) B
10:00 am Mormning break

10:15am Working session {continued)

11:00 am Summary and direchion forward

11:30 am Wrap up

CEED
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History of IC in Kentucky

LIS T AV AT 1/, IR 7Y

PR ViV VL v N T

About Kentucky

@ East KY mountains

= West KY flat lands deep soils

@ Ralling hills in the middle

» Caves, mines, Horses and sinkholes

History of ICin Kentucky

Qutline

» Pre-History

= Middle Ages

@ Renaissance

© Back to the Future!

PHYSIOGRAPHIC DIAGHRAM
OF KENTUCKY

Early Years

» No Nukes!!
@ What is IC?
@ Show me the $$$
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What we have done

» Asphalt in Northern KY (late 90's early
00's)

» Soil in West KY

= Asphalt in Central KY

@ Asphalt in East KY

» Special note(s)

3D Plans

» 15t project — learning experience
a 2" project — Starting??

Road ahead

» More projects hopefully
= Research study
@ Funding from FHWA

Special Notes

» 4 Notes
» Soil and Aggregate
» Asphalt

© Equipment

» Coverage rates

® Training

2 Payment

Current Projects

» |-64 Carter County Asphalt

@ KY 90 Barren Co. Soil+Asph. 777

» US 68X Logan Co. Soil+Asph. Dec. 11
® US 119 Bell. Co. Asph. ??7?

» |-75 Boone Co. Asph. Spring. ?7?

= Jessamine Co.

History of ICin Kentucky
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Asphalt Density Acceptance and Intelligent Compaction
Field Trials, by David Q. Hunsucker

Problem Summary

Asphalt Density Acceptance and Intelligent

Compaction Field Trials, by David Q. Hnsucker
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Kentucky Transportation Center
Pl David @. Hunsucker, PE
Co Pi: Tim Scully

Problem Summary

The quality control tests performed during construction are
performed al random locations and cannot provide material
density information across the entire constructed pavement
mal.

The goal of this research is to overcome the limitations of the
traditional methods used to determine in-situ acceptance of
pavement layer density andfor stiffness through the use of non-
destructive methods to measure in-situ material density
accurately and continuously.

Work Description

Keep abreast of current state of the art and state of the practice
for using non-destructive test methods to determine pavement
layer density and stifiness and report to the study advisory
commitiee as appropriate.

Monitor construction of all projects through the study period
requiring the use of intelligent compaction in the contract
documents. In addition to documenting normal QA/QC data,
non-destructive devices will be used to collect similar data for
correlation purposes. These devices may inciude but are not
limited to
+ ultrasonic and steady-state vibratory devices,
deflection-based methods,
dynamic cone penetrometer,
ground penetrating radar,
electric current and electronic methods, and,
intelligent compactors and rollers with mounted response
measuring devices for the evaluation of the quality of
unbound and bound pavement layers.

Obtaining proper density in the bound and unbound materials in
a layered pavement sHstem is a key to achieving long-term
durability of the overall pavement system

Insufficient density of an in-place pavement is frequently cited
as a construction-related performance problem.

Acceptable density of bound materials is achieved through
consistent compaction at the proper temperature while
acceptable density of unbound materials depends on the
materials being at the optimum moisture content

In-situ densities for the pavement layers are determined by
nuclear density spot tests or, for asphalt layers, from field cores
that are extracted from the mat and evaluated for both layer
thickness and density.

Research Objectives

The objective of this research study will be to use intelligent
compaction (IC) to determine layer modulus (stiffness)
characteristics

The IC information will be compared with conventionally
collected construction data including in-situ density by nuclear
density gauges for both bound and unbound materials and to
HMA core densities.

Various non-destructive technologies to accurately determine
layer densities and/or moduli will also be evaluated and
compared to intelligent compaction measurement values.

Benefits of intelligent compaction will be evaluated in terms of;
identifying weak spots in the subgrade so they may be repaired
prior to placement of the pavernent layers; continuous mapping
of pavement layer modull, placement productivity, and future
maintenance operations.

Work Description

Nomal and standard QA/QC practices will be followed during
all consfruction projects. These results will be used to cormrelate
with the results from non-destructive determinations. The data
collected through various means and devices will be correlated
to determine the efficacy of using non-destructive test methods
to determine layer density and stiffness values for unbound and
bound pavement layers,

Recommendations for the use of non-destructive test methods
to determine in-situ layer density and stiffness values for
unbound and bound pavement layers will be prepared. as
necessary, for the Divisions of Design, Matenals, and
Construction.

Complete research report detailing the study resuits and
recommendations to the State Highway Engineer.
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INTELLIGENT COMPACTION
UPDATE

IC-TP ETG Meeting No. 5

October 21, 2015

| Daniel E. Clark, P.E
| Penation

N1

Intelligent Compaction Update, by Daniel E. Clark

PennDOT Updates and Feedback

Obijectives

Use the intelligent compaction data to monitor
and improve the quality of the construction.

Roller operator is the first responder -
monitors the IC data and reports suspicious
quality to superiors.

Managers review data and decide if action is
required.

PennDOT Updates and Feedback

Lessons Learned

Set-up is not fool-proof

Trees overhanging roadways
Equipment staging areas
Electrical lines and transformers
Shallow bedrock

Scale effects

Other states

PennDOT Updates and Feedback

Lessons Learned — Equipment Set Up

Setting up the intelligent compaction
equipment has so far been conducted by the
manufacturer’s representatives / experts. As
the use of IC expands, it will not be possible
for the 15t line factory representatives to be at
every site every time.

Other people will need to be trained to assist
them in setting up the equipment — and the
proof of the training comes during
construction.

PennDOT Updates and Feedback

Lessons Learned — Equipment Set Up

On a number of our projects, the contractors
have been practicing with the IC equipment
on other layers or roadways in advance of
the required item(s). This is a good system
check for the contractor.

Should we require or just recommend these
practice runs?

PennDOT Updates and Feedback

Lessons Learned - Trees

We first observed the
effect of trees over-
hanging the road-
ways last year on
ECMS 91146 in
District 11. There
were a couple of
hundred feet at this
site where the trees
blocked the GPS
sianals
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by Daniel E. Clark

PennDOT Updates and Feedback

Lessons Learned — Equipment Staging Area

On ECMS 8212, the rollers were parked off
the side of the road (under some trees).
When the IC equipment was started up the
next night, it did not get a clear signal.
However, that was not apparent until the
roller moved out from under the trees. Then
the signal shifted to where it should have
been and the shift in the signal caused quite
a stir!

Intelligent Compaction Update, by Daniel E. Clark

PennDOT Updates and Feedback

Lessons Learned — Stray Currents

| Sign structure
with flashing
warning lights .
and electrical
transformer

T a
AT T . o

PennDOT Updates and Feedback
Lessons Learned — Shallow Bedrock

Shallow bedrock was encountered on ECMS
96936 in District 12-0.

Shallow bedrock is
indicated by stifiness

values of 80 or more

Predominant stiffness
values are 40 or less

PennDOT Updates and Feedback

Lessons Learned — Scale Effects

» When evaluating the IC data, the user can
set the intervals and the colors of the
scales of the graphs. You may choose
large intervals with similar colors which
give the impression of consistent (good
quality) data. Or you may choose small
intervals with contrasting colors and the
same data will appear to be inconsistent
(poor quality) data.

PennDOT Updates and Feedback
Lessons Learned — Scale Effects — D5 - Stiffness

I Stiffness overview: Green seems to be the
predominant color, indicating a stiffness of
between 20 and 40,

- o NYrasaRaA

PennDOT Updates and Feedback

Lessons Learned — Scale Effects — D5 - Stiffness

Stiffness detail: In this detail, it is apparent
that there is a significant amount of brown
mixed in with the green.

—~ ST A RAEE.
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PennDOT Updates and Feedback

Lessons Learned — Scale Effects — D5 - Stiffness

] Stiffness detail: By changing the scales, we
can make most of the variation go away ...
So, what is the right scale to use?

o o o7 58 -

Intelligent Compaction Update, by Daniel E. Clark

PennDOT Updates and Feedback

Lessons Learned — Other States

Other states are using infrared paver bars
attached to the back of their pavers to obtain
a temperature profile across the width of the
mat as it is being laid down. This provides
additional information about the operation of
the paver.

We are not sure if the paver bar provides
better intel than the IC or if this supplements
the IC data, and at what cost.

PennDOT Updates and Feedback

Lessons Learned — Other States

Some states are requiring that all rollers be
equipped with IC devices. Presently,
PennDOT only requires the breakdown roller
be IC equipped because it is the one that
does most of the compaction work.

However, we are beginning to see the value
of equipping all the rollers with IC and we
may pursue this in the future.

PennDOT Updates and Feedback

Project Statistics

» \We have had IC projects in 10 of our 11
Engineering Districts.

» \We have had multiple IC projects in
Districts 9(2), 10(2), 11(4), 12(6) in the
western part of the state.

* 13 1C projects have been completed
» 5|C projects are under construction

» 2 IC projects are in design

PennDOT Updates and Feedback

Project Statistics

« We now have bid prices on 17 projects for
a total of $256 M of construction costs
including just over $1 M in IC costs.

» The “average” cost for an IC project is
$64,000 with prices ranging from $20,000
to $164,000.

PennDOT Updates and Feedback

Project Statistics

« Unbalanced bidding: A contractor loaded
the training budget ($80,000) and bid $0.01
/ SY for the production work, risking $1800
on the IC portion of the $3.7 M construction
contract. The contractor’s bidding strategy
successfully countermanded any attempt
on our part to deduct appropriate payment
for deficiencies (which did occur) in
gathering the IC data.
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by Daniel E. Clark

PennDOT Updates and Feedback

Conclusions - Present

IC can eliminate unnecessary duplication of
effort with its waste of time and fuel all while
maintaining or even improving the quality of
the finished product. As contractors gain
experience using IC, it is hoped that their
increased efficiency will lead to improved
quality at no additional cost to the
Department.

Intelligent Compaction Update, by Daniel E. Clark

PennDOT Updates and Feedback
Conclusions — Future Issues

-

How much time / money does the
Department want to “invest” in education
before we remove the incentives?

Who will eventually be taking ownership of
collecting and analyzing the IC data?

Is the Department willing to change the
acceptance criteria for soils/asphalt
materials to include criteria based on the IC
data?

PennDOT Updates and Feedback

Conclusions

To Be Continued ...
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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.
2.

W

List of Intelligent Compaction Briefs

Report of the 3rd Workshop for Technology Transfer for Intelligent Compaction Consortium
(available for download from www.ceer.iastate.edu/tticc)

List of IC Specifications Developed for Soils and HMA in United States

NCHRP 10-77 AMG Guide Specifications

NCHRP 10-77 AMG Workflow Process

List of IC Technical Publications
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Technology Transfer Intelligent Compaction Consortium (TTICC) — TPF-5(233)
List of Intelligent Compaction (IC) Briefs

TTICC Problem Statement

MATERIALS DRUM MANUFACTURER
a o | 9
woE =
< < ! [T
14 E & I > Ei EI =
IE £33 | 2
20 4 - 4 0 X < g
2 2% 3 Sw < O _ PN
_| é <5 < ZN x| T o T = < w
= 0] o5 O o < s = o (U] x s al i o
3 S Z = 5 O! | < w W < Qs
é Z W WZ Og | O al =2 F »nl Z § = O
Ol T IO W Ol S| | O «f «f > </ | O
# | PROJECT LOCATION OZI00O0OZ=EnI|n|almdo O ok >
1 | lowa — 129, Monona County* X X X i X
2 | lowa — US218, Coralville* X | X X
3 | Minnesota — TH64, Akeley** X X
4 | Mississippi — US84, Waynesboro* X X X X
5 | lowa — US30, Colo*
6 | Minnesota — TH14, Janesville* X X
7 | Minnesota — Rt4, Kandiyohi County* X | X X
8 | Texas — FM156, Roanoke* X X X 1 X
9 | North Dakota — US12, Marmarth* X X X
10 | lowa — US30, Harrison County** X | X
11 | Kansas — US69* X X | X
12 | New York — US219, Springville* X
13 | Maryland - 170, Frederick* X X i X
14 | Missouri — Hwy141, Chesterfield** X
15 | lowa — Boone County Test Sections* X
16 | Wisconsin — Multiple Sites X X i X
17 | Indiana — SR25, West Lafayette* X
18 | Minnesota — TH60, Bigelow** X
19 | Florida — Hwy 9, Jacksonville* X X X
20 | lowa — US65, Altoona* X X
21 | Minnesota — TH36, North St. Paul** X X X
22 | Minnesota — US10, Staples** X X X

Missouri — US63, Jefferson City*

*RESEARCH/DEMONSTRATION PROJECTS

** PROJECTS WITH IC SPECIFICATIONS

IC BRIEFS COMPLETED AND POSTED ON CEER WEBSITE
IC BRIEFS IN PREPARATION BY ISU
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Executive Summary

On September 3-4, 2014, the Pennsylvania DOT hosted the 3rd 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:

» Review and exchange experiences of state DOTs in implementing IC for earthwork and HMA

+ Review TTICC IC case history summaries

« Tacilitate 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 10 state DOTs, the Federal Highway Administration (FHWA),
Hamm/Wrilgen America, Grofl Tractor and Equipment, SITECH Allegheny, AB Consultants, and lowa
State University—reviewed IC case history summaries, discussed recent IC pilot specifications imple-
mented by state DOTs or demonstration projects conducted by state DOTSs, and voted and brainstormed
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/fimplementation needs initially created in a 2008 IC workshop meeting and
updated in 2009, 2010, 2011, and 2012 workshops. The top three IC research/implementation needs are
now (1) data management and analysis, (2) education/certification programs for IC, and (3) correlations
between IC and in situ test measurements. The revised IC road map is presented in Table 1. After updat-
ing the IC roadmap, the group identified action items for the TTICC group, FHWA, and industry for
advancing the top five road map elements.

This workshop served as 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 and developing a short list of items that the TTICC team can use to help
advance the IC road map research/implementation priorities.
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Table 1. Prioritized IC technology research/implementation needs - 2014 TTICC workshop

Prioritized IC/CCC Technology Research/Implementation Needs

1. Data Management and Analysis (31%) 8.
2, Education Program/Certification Program (18%)

3. Intelligent Compaction and In Situ Correlations (17%)

10.

4. Sustainability/ROI (15%)

5. Intelligent Compaction Specifications/Guidance (14¥) 11.

6. Understanding Impact of Non-Uniformity of 12.

Performance (13*)

13.

7. InSituTesting Advancements and New Mechanistic

Based QC/QA (12%)

*total votos ate provided in paront hesls

Standardization of Roller Sensor Calibration Protocols
(8%)

Understanding Roller Measurement Influence Depth (8*)

Intelligent Compaction Technology Advancements and
Innovations (6*)

Intelligent Compaction Research Database (6%)
Project Scale Demonstration and Case Histories (4*)

Standardization of Roller Outputs and Format Files (0*)

Report of the 3rd Workshop for Technology Transfer for Intelligent Compaction Consortium (TTICC)
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Table 2. IC/CCC research, implementation, and educational elements, ratings from 2008 to 2014

Rating 2008' 20092 2010% 2011° 2012 2014
N . f - " Data Data
1 Correlations Specifications Correlations Correlations
Management Management
2 Education Correlations Specifications | Specifications | Specifications Education
Moisture
3 Content MESIESIE B LS 2 Correlations Correlations
QC/QA QC/QA Management
Influence
D IC inabili
4 ata Non-Uniformity Demo Projects | Non-Uniformity SR
Management Advancements ROI
D Output
5 Demo Projects i Demo Projects Education N p‘u ) Specifications
Management Standardization
Mechanistic . . : . : Sensor . :
6 Demo Projects | Non-Uniformity | Non-Uniformity o Non-Uniformity
QC/QA Calibration
: : Data Output : Mechanistic
7 Non-Uniformity | Influence Depth Education
g s Management | Standardization QC/QA
8 Specifications I Output Database Influence Depth | Influence Depth
2 Advancements | Standardization 5 2
Mechanisti S
9 Influence Depth Education Influence Depth schanistic Demo Projects .enso.r
QC/QA Calibration
P ting Best Mechanisti IC
10 rome ||t1g s Database Education Influence Depth echanistic
Practices QC/QA Advancements
IC IC
1 — — Database Database
Advancements | Advancements
Sensor . - .
12 —_ —_ i i Sustainability Database Demo Projects
Calibration
13 Sensor sustainabilit Output
- - - Calibration ustainadlity Standardization
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Table 3. Revised IC road map research, implementation, and educational elements, 2nd TTICC workshop

IC Road Map Research, Implementation, and Educational Elements

1.

Data Management and Analysis [1*]. The data generated frem 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 informa-
tion to assist with the construction process control. This research element is cross cutting with elements 2,3,5,7,8, 11,
and 12.

Education Program/Certification Programs [7#]. This educational element will be the driver behind IC technol-

ogy 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 programs need
to provide clear and concise information to contractors and state DOT field personnel and engineers. A potential out-
come of this element would be materials for NHI training courses.

Intelligent Compaction and In Situ Correlations [3*]. This research element will develop field investigation pro-
tocols for conducting detailed correlation studies between IC measurement values and various in situ testing tech-
niques 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 temperature, roller measurement
values, and performance should be developed. A comprehensive research database and methods for establishing I1C
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).

Sustainability/Return of Investment (ROI) [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 infrastruc-
ture maintenance costs, etc.

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 Pocled 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 cross cutting with elements 3, 5,6, 7, and 8.

Understanding Impact of Non-Uniformity on Performance [4*]. 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 ele-
ment is cross cutting with elements 1, 2, and 7.

In Situ Testing Advancements and New Mechanistic Based QC/QA [10*]. 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.

*1st TTICC workshap rating.
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Table 3. Revised IC road map research, implementation, and educational elements, 4th TTICC workshop

8.

10

11

12

13

Standardization of Roller Sensor Calibration Protocols [6*]. |C rollers are equipped with measurement sensors

(e.g., accelerometers in the case of vibratory-based technologies), GPS, data logging systems, and many on-board elec-
tronics. 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 reproducibility of the measurements
from their sensors and other electronics.

Understanding Roller Measurement Influence Depth [8%]. 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 metheds, and development of analytical models that
relate to mechanistic performance parameter values. This element represents a major hurdle for linking IC measure-
ment values to traditional in situ test measurements.

Intelligent Compaction Technelogy Advancements and Innovations [11¥]. Potential cutcomes 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 measure-
ment 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 [12*]. 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 long term 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.

Project Scale Demonstration and Case Histories [9%]. 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 implementation strate-

gies 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.

Standardization of Roller Outputs and Format Files [5*]. This research element involves developing a standardized
format for roller output and format files. This element crosscuts with specification element 2.

*2nd TTICC workshop (2012} rating,
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Table 4. Updated action items for the TTICC project team, industry, and FHWA

List of Action ltems TTICC Industry FHWA
1. Data Management and Analysis
a. Define requirements (how to deal with legal issues in data sharing, and

how to archive data)
b. Discuss with other state DOTs x
¢ Enhance Capabilities of Software’s

d. Need Real Time Data Processing/Delivery Capabilities

e. l[dentify Future Use Needs for Data X X
2. Education and Certification Programs

a. Develop Videos (1C101, 201, 202) x2

b. Operator Training Programs X

c. Certifications for IC Data X

3.1C and In Situ Correlations

a. Develop a Standard Calibration Procedure (Nonnuclear Gauge) x

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

d. Support Research Efforts X
4, Sustainability/Return of Investment (ROI)

a. Develop a Green Value Proposition X

b. Cost Information (Capital and Life-Cycle) X

<. Improvement in Safety X X

6. IC Specifications/Guidance

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

b. Establish a Review Committee

¢. Create Online Mechanism to Track Document Updates (versions) X
d. Be Informed of TTICC Activities (CEER Website) X X
e, Review Specifications
f. Share TTICC Vision x

Tdentify GIS data archival protocal (1 page)
‘Develop IC101 3 minute version video
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List of IC Specifications for Soils and HMA in United States
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4th Workshop Meeting, October 26-28, 2015

LisT OF IC SPECIFICATIONS FOR SoOILS AND HMA IN UNITED STATES

UPDATED_10/20/15

Developed By ‘ HMA (Year) ‘ Soils (Year)
State Agency

Alaska DOT Yes (2014) Yes (2015 Draft)
Arizona DOT Yes (2014) No
California DOT Hiﬁéﬁg 1C4I)R] No
Georgia DOT Yes (2012) Yes (2012)
Iowa DOT Yes (2013) Yes (2010)
Indiana DOT Yes (2014) No
Kentucky DOT Yes (2015) Yes (2015)
Massachusetts DOT Yes (2013) No
Michigan DOT No Yes (2013)
Minnesota DOT Yes (2014) Yes (2014)
Missouri DOT No Yes (2009)
North Carolina DOT Yes (2013) Yes (2012)
Nevada DOT Yes (2013) No
New Jersey DOT Yes (2014) No
New Mexico DOT Yes (2014) No
North Carolina DOT Yes (2014) Yes (2014)
Oklahoma DOT Yes (2014) No
Oregon DOT Yes (2015) No
Pennsylvania DOT Yes (2014) No
Rhode Island DOT Yes (2013) No
Tennessee DOT Yes (2013) No
Texas DOT No Yes (2013)
Utah DOT Yes (2013) No
Vermont DOT Yes (?) Yes (?)
Washington DC Yes (2014) Yes (2014)
Federal Agency

AASHTO Yes (2015) Yes (2015)
Central Federal Land Yes (2012) No
Eastern Federal Land Yes (2013)

SHRP2 RO7 No Yes (2014)
FHWA (Generic Specs) Yes (2014) Yes (2014)
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AMG Guide Specification Tool

(Darft) AMG Guide Specification Tool (NCHRP 1077)

Item Section: General (G)

G.01  Roadway construction may be performed utilizing automated machine guidance (AMG) system(s)
in accordance with the standard specifications, special provisions, and contract documents.

G.02  AMG is defined as the utilization of positioning technologies such as global positioning systems
(GPS), robotic total stations, lasers, and sonic systems to automatically guide and adjust
construction equipment according to the intended design requirements.

G.03  The contractor may use any type of AMG system(s) that result in compliance with the contract
documents and applicable Standard Specifications.

G.04  Digital terrain model (DTM) files will be created with the computer software applications
MicroStation (CADD software) and GEOPAK (civil engineering software). The data files will be
provided in the native formats.

G.05  Electronic data 1s provided for the Contractor's convenience, and is not a part of the Contract.

G.06  The plans indicate areas of the project where roadway construction may be accomplished with
AMG systems. All other areas shall be constructed with conventional survey and construction
techniques unless the contractor chooses to build the required surface model to facilitate AMG
grading for those areas at no additional cost to the contracting authority.

G.07  The plans indicate the areas of the project where the contracting authority is providing DTM of the
roadway embankment construction.

G.08  GPS is not intended for the use in constructing final surface grades.

G.09  The engineer may require the contractor to revert to conventional subgrade staking methods for all
or part of the work at any point during construction if, in the engineer's opinion, the GPS machine
guidance is producing unacceptable results.

G.10  The contractor shall convert the electronic data provided by the contracting authority into the
format required by their system.

G.11  Areas of the project with no DTM, the contractor may use conventional survey and construction
methods unless the contractor chooses to develop the required DTM to facilitate AMG grading for
those areas.

Option (none, | A. The contractor shall submit the DTM for review to the contracting authority
A, or B) | prior to commencing grading operations.
B. The contractor shall submit the DTM for approval to the contracting authority
prior to commencing grading operations.

G.13  The contracting authority will only provide the data outlined in this contract and no additional
electronic data will be provided.

G.12 A. The cost to develop a DTM to facilitate the use of AMG grading systems shall

Option (A or be included as a bid item.
B) | B. The cost to develop a digital terrain model (DTM) to facilitate the use of
AMG grading systems shall not be included as a bid item.
G. Other:
Comments:
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AMG Guide Specification Tool

Item Section: Liability (L)

L.01  The contracting authority 1s responsible for safeguarding equipment provided by the contractor.
The contracting authority will bear all cost to replace or repair damaged equipment provided by
the contractor.

L.02  Touse any furnished digital terrain model (DTM) data, the contractor shall release contracting
authority and its employees from all liability for the accuracy of the data and its conformance to
the contract.

L.03  The contracting authority does not guarantee that the electronic data accuracy or completeness,
or that the data systems used by contracting authority will be directly compatible with the
systems used by the contractor.

Information shown on the paper plans marked with the seal (official plans as advertised) shall

Log govem

A. Information shown on the paper plans marked with the seal (official plans
Option (Aor | 8 advertised) shall govern.
B) | B. Information shown on the paper plans shall govern over the provided
electronic data.

L.05  The contractor shall assume the risk of error if the information 1s used for any purpose for which
the information is not intended.

L.06  The information provided shall not be considered a representation of actual conditions to be
encountered during construction. Furnishing this information does not relieve the contractor from
the responsibility of making an investigation of conditions to be encountered including, but not
limited to site visits, and basing the bid on information obtained from these investigations, and the
professional interpretations and judgments of the contractor.

L.07  The Contractor understands that any manipulation of the electronic data provided by the
Contracting Authority shall be taken at their own risk.

L.08 Ifthe contractor chooses to develop their own digital terrain model, the contractor shall be fully
responsible for all cost, liability, accuracy and delays.

L.09  The contracting authority is not responsible for the integrity of the information if it is converted
to a different file format or modified in any way by the contractor.

L.10  Any assumptions made about the electronic data are at the contractor's risk.

L.11  The contracting authority is not responsible for any computer virus or damage the electronic data
may cause to the computer systems.

L.12  There will be no cost or credit to the state and no contract time extension for implementing the
contractor-requested change order.

L. Other:

Comments:
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AMG Guide Specification Tool

Item Section: Equipment (E)
E.01  The contractor may use any type of automated machine control (AMG) systems that achieves
compliance with the contract documents and applicable standard specifications.
Option (Y or | A The contractor may use any type of approved AMG systems that result in
N) | achieving the existing grading requirements.
E.02  All equipment required to accomplish AMG grading shall be provided by the contractor.
E. Other
Comments:
Item Section: Agency Responsibilities (AR)
AR.01 The contracting authority will set the imtial horizontal and vertical control network of points for
the project as indicated in the contract documents.
AR.02  The contracting authority will provide the project specific control network, project alignment, and
coordinate system information to the contractor.
Option (Y or  Upon request from the contractor, the contracting authority will provide the
N) control network and coordinate system information to the contractor.
AR.03  The contracting authority will provide computer-aided design and drafting files created during the
design process to the contractor for review as part of the contract documents.
Option (Y or  The contracting authority will develop and provide computer-aided design and
N) drafting files created during the design process to the contractor for review as
part of the contract documents.
AR.04 The contracting authority will provide

Option A the following electronic files: . _ . .
1. Formats from Bentley’s MicroStation suite of road design software.
a. Inroads - Existing and proposed digital terrain model ( DTM)
b. MicroStation - Existing and proposed surface elements —
triangles
2. ASCII Format - Alignment Data Files
Option B 1. A Digital Terrain Model (DTM) of the existing and proposed design
surface.
2. ASCII format - Machine Control Surface Model Files.
3. ASCII Format - Alignment Data Files
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AMG Guide Specification Tool

Item Section: Agency Responsibilities (AR) ]
Option C | the following electronic files: a
1. CAD Files:
a. GEOPAK TIN files representing the design surfaces.
b. GEOPAK GPK file containing all horizontal and vertical
alignment information.
¢.  GEOPAK documentation file describing all of the chains and
profiles.
d.  MicroStation primary design file.
e. MicroStation cross section files.
f.  MicroStation ROW data file.
g.  MicroStation photogrammetry and text files.
2. Machine Control Surface Model Files:
a.  ASCII format.
b. LandXML format.
¢, Trimble Terramodel format.
Note: TIN files and surface model files of the proposed firush grade
include the topsoil placement where required in the plans.
3. Alignment Data Files:
a.  ASCII format.
b.  LandXML format.
4. Trimble Terramodel format.
Option D | the following electronic files: a
1. Project Control - MicroStation DGN file and ASCII file.
2. Existing Topographic Data - MicroStation DGN file(s)
3. Preliminary Surveyed Ground Surface - GeoPak TIN, if available
4. Horizontal and Vertical alignment information - GeoPak GPK file
and/or MicroStation DGN file(s)
5. 2D Design line work (edge of pavement. shoulder, etc.) - MicroStation
DGN file(s)
6. Cross sections - MicroStation DGN file(s), GeoPak format
7. Superelevation - MicroStation DGN file(s), GeoPak format
8. Form Grades - MicroStation DGIN file(s)
9. Design Drainage - MicroStation DGN file{s)

AR.05  The contracting authority shall <<approve / certify== changes to the DTM used by AMG prior to a
contractor using it for grading operations to ensure compliance of the approved “Release for
Construction” sealed plans.

Option (Y or | Submit the revised DTM to the contracting authority for review and approval 60 a
N) | days prior to beginning grading operations. The submittal should include a
narrative detailing change to the original DTM.
AR.06  Inthe event the contractor presents errors with the provided electronic data, the contracting a

authority will determine what revisions may be required. The contracting authority will revise the
contract plans, if necessary, to address errors or discrepancies that the contractor identifies. The
department will provide the best available information related to those contract plan revisions.

Option (Y or
N)

The contracting authority will not revise the contract paper plans or electronic a
data {iles to address errors or discrepancies that the contractor identifies.
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AMG Guide Specification Tool

Item

Section: Agency Responsibilities (AR)

AR.OT

AR08

AR.09

AR10

AR

The contracting authority <<will / shall / may>> perform quality assurance checks as necessary of
the contractor’s machine control grading results, surveying calculations, records, field procedures,

and actual staking. 1f the contracting authority determines that the work is not being performed in

accordance with the specifications, the contracting authority <<shall / may>> order the contractor
to re-construct the work to the requirements of the contract documents at no additional cost to the

contracting authority.

The contracting authority <<, if necessary.=>will request the contractor to provide a <<GPS rover
/ GPS rover and Automatic Level==, for use during the duration of the contract. At the end of the
contract, the contracting authority will return all contractor provided equipment to the contractor.

The contracting authority will not make revisions (or enhancements) to the electron design or
DTM for the convemence of importing data into the AMG system.

On projects where electronic design data 1s not available to bidders pre-bid, the contractor may
request the data during construction, If the contractor requests electronic design data, check with
the project engineer to find out if it is available. If the electronic design data is available and of the
same level of quality required for the rest of the contract documents, then provide the data to the
contractor. A change order 1s necessary when providing electromc design data to the contractor to
define the terms and conditions for use of the data. If the data cannot be provided, the contractor
still has the option to develop a DTM and DDM from information on the project plans.

Other:

Comments:

Item

Section: Contractor Responsibilities (CR)

CR.O1

CR.02

CR.03

CR.04

The contractor shall demonsirate the automated machine guidance (AMG) equipment’s
capability to meet the tolerance specifications; and their knowledge and ability to properly
operate 1t on a test section, as specified by the contracting authority. If the equipment fails to
meet the tolerance standards or the contractor, in the contracting authority”s opimion, fails to
demonstrate proficiency to the equipment, the contractor shall construct the project using
conventional survey and construction methods.

The contractor shall <<provide —-OR— provide 8 hours of>> formal training, if requested, on the
use of the AMG and the contractor's systems to the contracting authority’s project personnel
prior to the start of construction activities utiizing AMG. This training is for providing
contracting authority project personnel with an understanding of the equipment, software, and
electromc data being used by the contractor.

The contractor <<, if requested.==shall provide the contracting authority with a <=GPS rover /
GPS rover and Automatic Level==, for use during the duration of the contract. The contractor is
responsible for ensuring the equipment is serviceable and up to date with the latest project data
files. At the end of the contract, the contractor shall coordinate the return of the equipment
provided to the contracting authority.

Contractor shall validate all control points provided by the contracting authority.
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AMG Guide Specification Tool

Item

Section: Contractor Responsibilities (CR)

CR.05

CR.06

CR.07
CR.O8

CR.09

CR.10

The contractor shall establish secondary control points at locations along the length of the
project and outside the project limits and/or where work is performed beyond the project limits
as required by the AMG system utilized. The contractor shall comply with the requirements
outlined in standard specifications and contract documents. A copy of all new control point
information shall be provided to the contracting authority prior to construction activities. The
contractor shall be responsible for all errors resulting from their efforts and shall correct
deficiencies to the satisfaction of the contracting authority and at no additional cost to the
contracting authority.

The Contractor shall provide controls points and conventional grade stakes at critical points
such as, but not limited to, PC’s, PT"s, super elevation points, and other critical points required
for the construction of drainage and roadway structures.

The site calibration shall be checked daily at control points not used in the calibration.

Control points shall be staggered on either side of the highway to provide a good strength of
figure.

The contractor shall preserve all reference points and monuments that are established by the
contracting authority outside the construction limits. If the contractor fails to preserve these
items, they shall be re-established by the contractor to their original quality at no additional cost
to the contracting authority.

The contractor shall set grade stakes and hubs meeting the requirements outlined in the standard
specifications and contract documents such that the contracting authority can check the accuracy
of the construction.
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Item Section: Contractor Responsibilities (CR) 5}

(]

CR.11 The Contractor shall submit a comprehensive written AMG work plan to the contracting
authority for review at least 30 days prior to use. The submittal of the AMG work plan shall be
an indication of the contractor's intention to utilize AMG instead of conventional methods on
the project areas and elements stated in the work plan. The contracting authority shall review the
AMG work plan to ensure that the requirements are addressed. The contractor shall assume total
responsibility for the performance of the system utilized in the work plan. Any update or
alteration of the AMG work plan during the course of the work shall be approved and submitted
to the contracting authority for determination of conformance with requirements. The AMG
work plan shall describe how the AMG technology will be integrated into other technologies
employed on the project. This shall include, but not limited to, the following:

1. A description of the manufacturer, model, and software version of the AMG
equipment.
2. Information on the contractor's experience in the use of AMG systems to be used on
the project, including formal training and field experience of project staff.

The primary contact, and up to one alternate, for AMG technology issues.

4. A definition of the project boundaries and scope of work to be accomplished with the
AMG system.

5. A description of how the project proposed secondary control(s) is to be established.
Include a list and map detailing control points enveloping the site.

6. A description of site calibration procedures including, but not limited to, equipment
calibration, frequency of calibration, and information to be documented. The
documentation shall contain a complete record of when and where the tests were
performed and the status of each equipment item tested within or out of the ranges of
required tolerances.

7. A description of the contractor's quality control procedures, including frequency and
type, for checking mechanical calibration and maintenance of equipment.

8. A description of the method and frequency of field verification checks and the
submission schedule of results.

9. A contingency plan in the event of failure/outage of the AMG system.

10. A schedule of DTMs intended for use on the project. This shall be submitted for
review, feedback, and communication.

B

A At least two week prior to the preconstruction conference, the contractor shall O
submit to the contracting authority for review a written AMG work plan which
shall include the equipment type, control software manufacturer and version,
types of work to be completed using AMG, project site calibration report,
Option (A | Tepetitive calibration methods for construction equipment and rover units to be

or B) | used for the duration of the project, and local GPS base station to be used for
broadcasting differential correction data to rover units.

B. One week prior to the start of grading operations the Contractor shall meet [m|
with the contracting authority to review the grading plans, quality processes, and
tolerance requirements.

CR.12  If the contractor selects to use AMG for fine grading and placement of base or other roadway ]
materials, the AMG system shall use a laser or robotic total station. Details of the methods and
equipment shall be included in the AMG Work Plan

CR.13  The contractor shall use the alignment and control data provided by contracting authority. No ]
localization methods will be accepted.

CR.14  The contractor shall provide the contracting authority with electronic as-built construction data O
for the projects final construction record in a format acceptable to the contracting authority.

CR.15 The contractor shall be responsible for converting the information on the plans and/or electronic O
data file provided by contracting authority into a format compatible with the contractor's AMG
system.
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AMG Guide Specification Tool

Item Section: Contractor Responsibilities (CR) o)

CR.16 It is the contractor's responsibility to produce the [T Ms and/or 3D line work needed for AMG =
system, field verify the data for accuracy and conformance to the contract plans << and
immediately report any errors to contracting authority==.

Option (Y | Provide design surface DTM information to the contracting authority in a format
or NJ | specified by the contract documentation.

CR.17  Revise the design surface DTM as required to support construction operations and to reflect any o
contract plan revisions. Perform checks to confirm DTM revisions agree with the contract plan
revisions. Provide a copy of the revised design surface DTM to the contracting authority in the
format defined in the contract documents.

. o m}

CR.18  The contractor shall meet the same accuracy requirements as detailed in the standard
specifications.

. . . o m}

CR.19  The contractor shall check and recalibrate, if necessary, their AMG system at the beginning of
each work day to ensure compliance with contract documents.

CR.20  Grade stakes shall be established as per the standard specifications for use by the contracting o
authority to check the accuracy of the construction.

CR.21  The contractor shall bear all costs, including but not limited to the cost of actual reconstruction =
work that may be incurred due to errors in application of AMG techniques or manipulation of
design data in the DTM.

CR.22  The contractor shall be responsible for any edits or conversions of the contracting agencies
electrome data whether done by the contractor or a vendor that 15 hured by the contractor to
perform such edits or conversions.

. . . m}

CR.23  When AMG methods are used for any construction surveying, a licensed survevor shall be
provided by the contractor to perform verification of the final as-constructed grade report.

CR.24  All changes by the contractor to the DTM data shall be submitted to the contracting authority for
approval prior to use,

. . . . . m}

CR.25  Any information provided by contracting authority shall not be released to any other party,
corporation, business or organization except a consultant engineering firm which is employed
by the contractor for work on this project. The consulting engineering firm must agree not to
release the information to any other party, corporation, business or organization,

CR.26  The contractor shall provide any information or data that 1s requested by the contracting o
authority for the purpose of performing the verification of quantities and quality.

CR__ Other: o

Comments: m]
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AMG Guide Specification Tool

Item Section: Method of M i (M) ]

M.O1  The bid item for automated machine guidance grading will be measured and paid for at the lump m}
sum contract price.

tion (Y or | No direct payment will be made for work required to utilize this provision. All
pay el p
N) | work will be considered incidental to various grading operations.

M.O2  Earthwork volumes shall be computed by comparing and computing the difference in volumes m}
between the existing terrain model, constructed terrain model, and final constructed terrain model
whichever 15 applicable at the time necessary.

M.O3  The contracting authority will pay for costs incurred to incorporate contract plan revisions as extra m}

work.
M. Other: m}
Comments: [m]
Ttem Section: Payment (P) &
P.O1  The bid item for automated machine guidance (AMG) grading will be paid for at the lump sum o

contract price. This payment shall be full compensation for all work associated with preparing the
electronic data files for use in the contractor’s AMG system, the required system check and needed
recalibration, training for the Engineer, and all other items described in the standard specifications.

Option (Y or | The contract lump sum price bid shall include full compensation for all such [m]
surveying work including but not limited to: (1) Materials, (2) Equipment, (3)

Labor, {4) Office work (preparing the electronic data files for use in the Contactor’s
machine control grading system, developing or building a DTM to facilitate the

GPS machine control grading system, and all other calculations required to

complete the work), (5) Test section as specified by the Project Engineer, (6)

Training for <<agency ==project personnel, and (7) Final as-constructed grade

report.

P.02  Delays due to satellite reception of signals to operate the GPS machine control system will not o
result in adjustment to the "Basis of Payment" for any construction items or be justification for
granting contract extensions.

E. Other: [m]

Comments: [m]
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Intelligent Compaction Technical Publications
Prepared by David J. White and Pavana K. R. Vennapusa
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Intellicent Compaction Technical Publications

Journal and Conference Papers (organized by publication date)

1980

1. Forssblad, L. (1980). “Compaction meter on vibrating rollers for improved compaction control”, Proc.,
Intl. Conf. on Compaction, Vol. 11, 541-546, Paris.

2. Hansbo, S., and Pramborg, B. (1980). “Compaction control.” Proc., Intl. Conf. on Compaction, Vol. II,
559-564, Paris.

3. Machet, J.M. (1980). “Compactor-mounted control devices”, Proc., Intl. Conf.on Compaction, Vol. Il,
577-581, Paris.

4. Machet, J.M., and Sangjouand, R. (1980). “Modules mathematiques dans le domaine du compactage
par vibration”, Proc., Intl. Conf. on Compaction, Vol. IL, Paris.

5. Thurner, H. (1980). “The compactometer principle: Contribution to the discussion in Session [V.”
Proc., Intl. Conf. on Compaction, Vol. I1, Paris.

o. Thurner, H. and Sandstrém, A. (1980). “A new deviee for instant compaction control.” Proc., Intl.
Conf. on Compaction, Vol. 11, 611-614, Paris.

7. Yoo, T, and Sclig, E. (1980). “New concepts for vibratory compaction of soil”, Proc., Intl. Conf. on
Compaction, Vol. I, 703-707, Paris.

1983

8. Floss, R., Gruber, N.,and Obermayer, J. (1983). “A dynamical test method for continuous compaction
control.” Proc. 8th European Conf. on Soil Mechanics and Foundation Engineering, Rathmayer, H.G.,
and Saari, K.H.O., Eds., May, Helsinki, 25-30.

1984

9. Mayne, P.W., Jones, J.S., and Dumas, J. (1984). “Ground response to dynamic compaction.” ASCE
Journal of Geotechnical Engineering, 110(6), p. 757-774.

1991

10.  Samaras, A., Lamm, R., and Treiterer, J. (1991). “Application of continuous dynamic compaction
control for earthworks in railroad construction. ™ Transportation Research Record No. 1309, Journal of
the Transportation Research Board, National Academy Pross, 42-46.

11.  Thurner, H. and Sandstrom, A. (1991). “Quality assurance in soil compaction,” Proc., XIXth PIARC
World Road Congress, 468-477, Marrakesh.

1992

12.  Pietzsch, D., and Poppy, W. (1992). "Simulation of soil compaction with vibratory rollers", Journal of
Terramechanics, 29(6), 585-597.

1993

13.  Sandstrém, A. (1993). “Oscillatory compaction.” Proc., XII IRF World Road Congress, 957-961, May,
Madrid.
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Intelligent Compaction Technical Publications
Prepared by David J. White and Pavana K. R. Vennapusa
Center for Earthworks Engincering Research

14.  Thurner, H. (1993). “Continuous compaction control - specifications and experience.” Proc., Xi IRF
World Congress, 951-956, Madrid.

15.  Watts, K.S. and Charles, J.A. (1993). “Initial assessment of a new rapid impact ground compactor.”
Proceedings of the Conference on Engineered Fills, London, Paper No. 32.

1995

16. Tateyama, K., Nakajima, S., and Fujivama, T. (1995). “The evaluation of ground properties and its
application to the automatic control of vibratory soil comapctors,” Automattion and Robotics in
Construction XII, Bundy, McCrea, and Szymanski (Eds), 563 — 570.

1997

17.  Adam, D. (1997). “Flichendeckende dynamische verdichtungs kontrolle (FDVK) mitvibrationswalzen
sonderdruck (Surface covering dynamic compaction control with vibration rollers — special edition.”
Osterreichische Geotechniktagung (Austrian Geotechnique Conference), 26 and 27 May, Vienna.

18.  Adam, D. (1997). “Continuous compaction control (CCC) with vibratory rollers,” Proc.,
GeoEnvironment 97, 245 — 250, November, Melbourne, Australia. Balkema, Rotterdam.

19.  Adam, D., and Brandl, H. (1997). “Roller-Integrated Continuous Compaction Control of Soils”,
Proc., 3% Intl. Conf. on Soil Dynamics (ICSD-I), August, Tiberias, Isracl.

20. Brandl, H,, and Adam, D. (1997). “Sophisticated Continuous Compaction Control of Soils and
Granular Materials” Proc., X1Vth Intl. Conf. on Soil Mechanics & Foundation Engineering, Vol. 1,
September, Hamburg, Germany.

21.  Braithwaite, E.J and du Preez, R.W. (1997). “Rapid Impact Compaction in Southern Africa.”
Proceedings of the Conference on Geology for Engmecring, Urban Planning and the Environment.
South African Institute of Engineering Geologists, 13-14 November 1997.

1998

22, Adam, D., and Kopf, F. (1998). “Application of continuous compaction control (CCC) to waste
disposal liners™, Proc. 3rd Intl. Congress on Environmental Geotechnics, September, Lisboa,
Portugal.

23.  Merrifield, C.M., Cruickshank, M. and Parvizi, M. (1998). “Modelling of low energy dynamic
compaction.” Proceedings of the Internation Centrifuge Conference Centrifuge 98, Tokyo, 819-824.

24.  Neilson, R.D., Rodger, A A, Oliver, K.D., Wright, R.H. and Elliott, R M. (1998). ‘“Vibration
assessment of high speed dynamic compaction.” In B.O. Skipp (Eds.), Ground Dynamics and Man-
Made Processes (p. 143-154). London: Thomas Telford.

25.  Uchiyama, K., Kanamori, Y., Nohse, Y., and Mitsui, A. (1998). “Influence of soil comapction of
vibrating rollers with different vibration mechanisms.” Proc., of the 5th Asia-Pacific Regional Conf., of
the ISTVS: Okinawa, Japan, November, 112-119.

1999

26.  Adam, D., (1999). “Elastic plastic modelling of homogeneous and layered soil under dynamic
loading”. Proc. Of COST 337 & ETC 11 Workshop on Modelling and Advanced Testing for Unbound
Granular Materials, January, Lisboa, Portugal.

27.  Adam, D. (1999). “Flichendeckende dynamische verdichtungskontrolle mit vibrationswalzen.
(Continuous Compaction Control with vibratory rollers)”. Austrian Engineer and Architect Magazine
144, Class Number 2, Vienna, 65-74 (in German).

28.  Adam, D. (1999). “Geotechnics of the Austrian-Hungarian Highway A4”, Geotechnical Engineering

for Transportation Infrastructure, Barends et al. (eds), Balkema, Rotterdam.
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29. Nohse, Y., Uchivama, K., Kanamori, Y., Kase, J., Kawai, Y., Masumura, K., and Tateyama, K. (1999).
“An attempt applying a new control system for the vibratory compaction using GPS and CMV in the
embankment construction (Part 1).”” Proc. of the 13th Intl. Conf. of the ISTVS: Okinowa, Japan, 295-
300.

2000

30.  Adam, D., an d Kopf, F. (2000). “Sophisticated compaction technologies and continuous compaction

31

32.

33.

34.

control,” Workshop on Compaction of Soils and Granular Materials, Modeling of Compacted
Materials, Compaction Management and Continuous Control, International Society of Soil Mechanics
and Geotechnical Engineering (European Technical Committee), 207 - 220, Paris.

Adam, D., and Kopf, F. (2000). “Sophisticated roller compaction technologies and roller-integrated
compaction control.” Compaction of Soils, Granulates and Powders, A. A Balkema, Rotterdam,
Brookfield, 113-132.

Anderegg, R., (2000). “ACE Ammann Compaction Expert — automatic control of the compaction.”
Workshop on Compaction of Soils and Granular Materials, Modeling of Compacted Materials,
Compaction Management and Contimious Control, International Society of Soil Mechanics and
Geotechnical Engineering (European Technical Committee), 229-236, Paris.

Floss, R. and Kloubert, H., (2000), ‘“Newest Developments in Compaction Technology,” Workshop on
Compaction of Soils and Granular Materials, Modeling of Compacted Materials, Compaction
Management and Continuous Control, International Society of Soil Mechanics and Geotechnical
Engineering (European Technical Committee), Paris.

Thurner, H., Sandstrom, A. (2000). “Continuous Compaction Control, CCC.” Workshop on
Compaction of Soils and Granular Materials, Modeling of Compacted Materials, Compaction
Management and Continuous Control, International Society of Soil Mechanics and Geotechnical
Engineering (European Technical Committee), 237-246, Paris.

2001

33.

36.

37.

38.

39.

40.

41.

Adam, D. (2001). “Sophisticated compaction of soil, earth structures, roads and rail tracks.” Proc., 5
Intl. Geotech. Conf. Geotechnical Structures Optimization, September, Bratislava, Slovakia.

Adam, D., Markiewicz, R. (2001). “Compaction behaviour and depth effect of the polygon-drum,”
Geotechnics for Roads, Rail Tracks and Earth Structures, A. A Balkema Publishers, Lisse /Abingdon/
Exton (pa) /Tokyo, 27-36.

Brandl, H. (2001). “The importance of optimum compaction of soil and other granular material,”
Geotechnics for Roads, Rail Tracks and Earth Structures, A. A Balkema Publishers, Lisse /Abingdon/
Exton (Pa) /Tokyo, 47-66.

Brandl, H. (2001). “Compaction of soil and other granular material — interactions,” Geotechnics for
Roads Rail Tracks and Earth Structures, A. A.Balkema Publishers, Lisse /Abingdon/ Exton (Pa)
/Tokyo, 3-11.

Kréber, W., Floss, E., Wallrath, W. (2001). “Dynamic soil stiffness as quality eriterion for soil
compaction,” Geotechnics for Roads, Rail Tracks and Earth Structures, A.A Balkema Publishers,
Lisse /Abingdon/ Exton (Pa) /Tokyo, 189-199.

Minchin, R.E. Thomas, HR. Swanson, D.C. (2001). “Theory behind a vibration-based quality-based
asphalt density measuring system,” Transportation Research Record No. 1761, Journal of the
Transportation Research Board, National Academy of Press, 70-78.

Mooney, M., Bouton, C., and Pan, J. (2001). ‘Measurement of acceleration during vibratory
compaction of unsaturated soils." Proc. of 10th Int. Conf. Soil Dynamics & Earthquake Engineering,
Philadelphia, Pa.
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2002

42, Kloubert, H. (2002). “Asphalt manager with high efficient compaction system for better roads,” Proc.,
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pavement construction: Year | report, FHWA/TX-06/0-4774-1, Texas Transportation Institute, The
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28.  Scullion, T., Sebesta, S., Rich, D., and Liu, W. (2006). Field evatuation of new technologies for
measuring pavement quality, FHWA/TX/-06/0-4774-2, Texas Transportation Institute, The Texas
A&M University System, College Station, Tx.

29.  White, D.J, Thompson, M., Jovaag, K., Morris, M., Jaselskis, E., Schacfer, V. and Cackler, E. (2006).
Field evaluation of compaction monitoring technology: Phase Il. Final Report, Iowa DOT Project TR-
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30. Zambrano, C., Drnevich, V., Bourdeau, P. (2006). Advanced Compaction Quality Control, Indiana

DOT Final Report FHWA/IN/ITRP — 2006/10, Purdue University.
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Maupin, G.W. (2007). Preliminary Field Investigation of intelligent Compaction of Hot-Mix Asphalt,
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November.

White, D.J, Thompson, M., Vennapusa, P. (2007). Field Validation of Intelligent Compaction
Monitoring Technology for Unbound Materials, Mn/DOT Report No. MN/RC 2007-10, Iowa State
University, la.

White, D.J, Thompson, M., Vennapusa, P. (2007). Field study of compaction monitoring systems: self-
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Transportation Research and Education, Iowa State University, Ames, Ia.

2008

34.

35.

36.

37.

38.
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40.

Labuz, J.F., Guzina, B., Khazanovich, L. (2008). Intelligent Compaction Implementation: Research
Assessment, Final Report MN/RC 2008-22, Minnesota Department of Transportation, St. Paul, MN.
Newman, K., Rushing, J.F., and White, D. J. (2008). Rapid Soil Stabilization for Contingency Airfield
Construction, Army Corps of Engineers Report.

Rahman, F., Hossain, M., Ramanoschi, S. (2008). Intelligent Compaction Control of Highway
Embankment Soil in Kansas. Fial Report No. K-TRAN: KSU-06-07, Kansas State University,
Manhattan, Kansas, March.

White D.J., (2008). Report of the Workshop on Intelligent Compaction for Soils and HMA, ER08-01,
Earthworks Engineering Research Center, lowa State University, Ames, lowa.

White, D.J., Vennapusa, P. (2008). Accelerated Implementation of Intelligent Compaction Monitoring
Technology for Embankment Subgrade Soils, Aggregate Base, and Asphalt Pavement Materials TPF-
5(128) — MwDOT HMA IC Demonstration, Report submitted to The Transtec Group, FHWA, June.
White, D. J., Vennapusa, P., Gieselman, H. (2008). fnvestigation of Dual Roller-Integrated MDP/CMYV
Compaction Monitoring Technologies and Measurement Influence Depth, Center of Transportation
Research and Education, Iowa State University, Ames, lowa, August.

White, D.J., Vennapusa, P., Gieselman, H., Johanson, L., Goldsmith, R. (2008). Accelerated
Implementation of Intelligent Compaction Monitoring Technology for Embankment Subgrade Soils,
Aggregate Base, and Asphalt Pavement Materials TPF-5(128) — Texas I1C Demonstration Field
Project, Report submitted to The Transtec Group, FHWA, November.

2009

41.

42.

43.

44.

Chang, G., Xu, Q., Horan, B., Michael, L. (2009). Accelerated Implementation of Intelligent
Compaction Monitoring Technology for Embankment Subgrade Soils, Aggregate Base, and Asphalt
Pavement Materials TPF-5(128) — Maryland HMA IC Demonstration, Report submitted to FHWA,
September.

Chang, G., Xu, Q., Horan, B., Michael, L. (2009). Accelerated Implementation of Intelligent
Compaction Monitoring Technology for Embankment Subgrade Soils, Aggregate Base, and Asphalt
Pavement Materials TPF-5(128) — Clayton County, Georgia HMA IC Demonstration, Report
submitted to FHW A, March.

Petersen, D.L., Morgan, J., Graettinger, A. (2009). Mn/DOT Intelligent Compaction Implementation
Plan: Procedures to Use and Manage IC Data in Real Time. Final Report MN/RC 2009-35, Minnesota
Department of Transportation, St. Paul, Minnesota, December.

White, D.J., Vennapusa, P. (2009). Report of the Workshop on Intelligent Technologies for
Earthworks, EERC Publication ER09-02, Earthworks Engineering Research Center, lowa State
University, Ames, [owa.
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2010
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49.
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53.
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33.

56.

57.

38.

Chang, G., Xu, Q., Horan, B., Michael, L. (2010). Accelerated Implementation of Intelligent
Compaction Monitoring Technology for Embankment Subgrade Soils, Aggregate Base, and Asphalt
Pavement Materials TPF-5(128) — US52 West Lafayette, Indiana HMA IC Demonstration, Report
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Pavement Materials TPF-5(128) — IH39, Mosinee, Wisconsin HMA IC Demonstration, Report
submitted to FHWA, June.

Chang, G., Xu, Q., Horan, B., Michael, L. (2010). Accelerated Implementation of Intelligent
Compaction Monitoring Technology for Embankment Subgrade Soils, Aggregate Base, and Asphalt
Pavement Materials TPF-5(128) — US219, Summerhill, Pennsylvania HMA IC Demonstration, Report
submitted to FHWA, October.

Chang, G., Xu, Q., Horan, B., Michael, L. (2010). Accelerated Implementation of Intelligent
Compaction Monitoring Technology for Embankment Subgrade Soils, Aggregate Base, and Asphalt
Pavement Materials TPF-3(128) — 1-66, Fauquier County, Virginia HMA IC Demonstration, Report
submitted to FHWA, October.

Commuri, S. (2010). Intelligent Asphalt Compaction Analyzer — Phase I Report, Highways for LIFE
Technology Partnerships Programs, FHWA, Washington, D.C.

Commuri, S., Zaman, M., Singh, D., Mai, A., Beainy, F. (2010). Continuous Real Time Measurement
of Pavement Quality during Construction, Final Report, Oklahoma Transportation Center, Stillwater,
OK.

Mooney, M., Rinehart, R., White, D.J., Vennapusa, P., Facas, N., Musimbi, O. (2010). /ntelligent Soil
Compaction Systems, NCHRP 21-09 Final Report, National Cooperative Highway Research Program,
Washington, D.C. (in print).

Petersen, D.L., Hartman, M.A. (2010). 2008 MnROAD Unbound Quality Control Construction Report,
Final Report Mn/RC 2010-32, Minnesota Dept. of Transportation, St. Paul, MN.

Quintus, V.L.H., Rao, C., Bhattacharya, B., Titi, H., English, R. (2010). Evaluation of Intefligent
Compaction Technology for Densification of Roadway Subgrades and Structural Layers, WHRP
Project No. 0092-08-07 (Draft Final Report), Prepared by Applied Research Associates and University
of Wisconsin at Milwaukee, November.

White, D.J., Vennapusa, P. (2010). Report of the Webinar Workshop on Intelligent Compaction for
Earthworks and HMA, ER10-02, 3 Annual Workshop Organized by the Earthworks Engineering
Research Center at lowa State University and the Jowa Department of Transportation, March 1-2,
2010, Ames, lowa.
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63. White, D.J., Vennapusa, P., Gieselman, H. (2010). Jowa DOT Intelligent Compaction Research and
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Base, and Asphalt Pavement Materials — Final Report, FHWA-IF-12-002, Federal Highway
Administration, Washington, D.C., July.

2013
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Piscataway, NJ.

2015

70.  Yoon, S., Hastak, M., & Lee, J. (2015). Intelligent compaction of asphalt pavement
implementation (Jomt Transportation Research Program Publication No. FHWA/IN/ITRP-2015/05).
West Lafayette, IN: Purdue University.

Page 16 of 18 (Updated October 21, 2015)

Report of the 4th Workshop for Technology Transfer for Intelligent Compaction Consortium (TTICC)

Transportation Pooled Fund Study Number TPF-5(233)

N
-



Report of the 4th Workshop for Technology Transfer for Intelligent Compaction Consortium (TTICC)

Transportation Pooled Fund Study Number TPF-5(233)

N
N

Intelligent Compaction Technical Publications

Intelligent Compaction Technical Publications
Prepared by David J. White and Pavana K. R. Vennapusa
Center for Earthworks Engincering Rescarch

71.  Savan, C., Ng., K.W., Ksaibati, K. (2015). Implementation of Intelligent Compaction Technologies for
Road Constructions in Wyoming, University of Wyoming, Laramie, WY.
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date)

1996

1. Geistlinger, L. (1996). “Onboard compaction meters make inroads into U.S. market”, Roads & Bridges
Magazine, 34(8), August, 40 — 42. http://www .roadsbridges.com/Onboard-Compaction-Meters-Make-
Inroads-into-U-S-Market-article445

2002
2. Peterson, A. (2002). “Making a Difference,” World Highways/ Routes du Monde, 11(8), 34-42.

2004

3. Wilson, S. (2004). “Never Guess Again — Intelligent Compaction Making Precision Commonplace at
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2005
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Contractor, July/ August. http://www.gradingandexcavation.com/july-august-2005/compaction-
business-usual.aspx

2006
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Appendix E: Workshop Evaluation Comments

SUMMARY OF EVALUATIONS

Technology Transfer for Intelligent Compaction Consortium (TTICC)
October 27-28, 2015 — Frankfort, KY
Total Respondents: 9

Attendees rated the following between 1 and 5.

U B W N =

Very Okay Needs Average
Good Improvement Rating
. Topics covered 1 2 3 4 5 1.22
. Organization of the program 1 2 3 4 5 1.22
. Speakers knowledgeable 1 2 3 4 5 1.22
. Facilities were accommodating 1 2 3 4 5 1.44
. Program met expectations 1 2 3 4 5 1.22

6. What were the most worthwhile parts of this program?

Group discussions — peer exchanges.

Interactive program. The participants were able to share their expertise and make a difference in
the future direction of this study.

How to implement IC.

Discussion.

Finding out other DOT’s experience and plans for IC.

Interactive discussion. In particular, the feedback from PennDOT on project experience. It was
this that helped feed the conversation.

Open discussions of issues facing state DOTs.

Data discussion. Calibration to modulus/resilient modulus.

The new technology that is introduced.

7. What were the least worthwhile parts of this program?

Facilities.

N/A.

All good.
Everything good.
N/A.

8. What other topics were you hoping would be included in today’s program?

How to get industry buy in.
All was covered.

9. Do you have any suggestions for future workshop topics?

How to best calibrate equipment.

A better platform, in my opinion, would have been to invite the contractors, manufacturers, and
industry representatives, to have a more uniform participation of all experts in the field.
Discussion of existing IC specs in other jurisdictions.

More discussion on data management/analytics.

Best practices.

No.



