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Preface

This document summarizes the discussion and findings of a workshop on intelligent
technologies for earthwork construction held in West Des Moines, Iowa, on April 14-16,
2009. This meeting follows a similar workshop conducted in 2008. The objective of the
meeting was to provide a focused discussion on identifying research and implementation
needs/strategies to advance intelligent compaction and automated machine guidance
technologies. Technical presentations, interactive working breakout sessions, and a panel
discussion comprised the workshop. About 100 attendees representing state departments of
transportation, Federal Highway Administration, contractors, equipment manufacturers, and
researchers participated in the workshop.
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Executive Summary

The objectives of this workshop were to update the strategies identified during the 2008
workshop; provide a collaborative exchange of ideas and experiences; share research results;
increase participants’ knowledge; develop research, education, and implementation initiatives
for intelligent compaction (IC) and automated machine guidance (AMG) technologies; and
develop strategies to move forward.

The 2V5 day workshop was organized as follows:

* Day 1: Review of 2008 workshop proceedings, technical presentations on IC and AMG
technologies, and participating state department of transportation (DOT) briefings.

* Day 2: Industry/equipment manufacturer presentations and breakout interactive sessions
on three topic areas.

* Day 3: Breakout session summary reporting and panel discussion involving state DOT,
contractor, and industry representatives.

The results of the breakout sessions on day 2 were analyzed to identify the priorities for
advancement in each of the three topic areas. Key issues for each topic were prioritized

by reviewing the recorder’s notes in detail, finding common topics among sessions, and
summarizing the participant votes. The top 10 research and implementation needs are listed in
Table 3 from the report, replicated below.

Table 3. Prioritized IC technology research/implementation needs

Prioritized Top 10 IC Technology Research/Implementation Needs

1. Intelligent Compaction Specifications/Guidance (41)

2.
3.
4.
5.
6.
7.
8.
9.

10. Intelligent Compaction Research Database (8)

Intelligent Compaction and In Situ Correlations (25)

In Situ Testing Advancements and New Mechanistic-Based QC/QA (20)
Understanding Impact of Non-Uniformity of Performance (16)

Data Management and Analysis (16)

Project Scale Demonstration and Case Histories (13)

Understanding Roller Measurement Influence Depth (13)

Intelligent Compaction Technology Advancements and Innovations (9)

Education Program/Certification Program (8)

The panel discussion on day 3 was mainly centered on the following five key topics:

Action items (state DOT, manufacturer, and contractor perspectives)
Additional research/development needs for manufacturer

Challenges

Strategies (state DOT perspective)

N e

Education/Training
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A summary of key outcomes from the panel discussion is presented in Table 6 from the report,
replicated below.

Table 6. Summary of panel discussion

Key Outcomes from Panel Discussion

1. Need“champions” to create opportunities for implementation—using the technology for
QC by contractor and performing independent QA by DOT is a good strategy to further
implementation.

2. Need demonstration/pilot projects to improve confidence, create evidence that it reduces
costs/improves efficiency to contractors, create training opportunities, and implement
pilot specifications.

3. Need more research on identifying “gold standard” QA method for correlations with IC
measurements.

4. Need more refinement in the technologies with respect to more user-friendly on-board
interfaces for data analysis and visualization and retrofitting capabilities.

This workshop provided a platform to exchange ideas between researchers, practitioners,

and policy makers and to provide input on current state of the practice/technology. Some
important outcomes from the breakout session and panel discussions are a prioritized IC
road map and AMG road map with action items to move forward. A summary of key action
items derived from these discussions is presented in Table 9 from the report, replicated below.
Although these road maps are a good starting point, effective and accelerated implementation
of these technologies will require “champions” to create opportunities.

Table 9. Action items for advancing IC road map and AMG road map

Action Items for Advancing IC Road Map and AMG Road Map

1. Develop six case histories (technical briefs) to demonstrate the benefits of the technologies
2. Conduct six webinars to facilitate training and technology transfer

3. Create a Specifications Technical Working Group to coordinate efforts
4

Regularly update the Earthworks Engineering Research Center web site
(www.eerc.iastate.edu)

5. Explore the possibility of conducting a National Highway Institute course on IC and AMG
technologies

6. ldentify current research gaps, develop problem statements for needed research, and iden-
tify key research partners




Introduction

The Challenge

Some of the key obstacles to effectively implement new technologies in earthworks and

paving construction include lack of knowledge in technical aspects, well-documented case
histories demonstrating the benefits, proper education/training materials, and widely accepted
specifications and standards.! Improvements to earthwork construction operations using new and
innovative technologies, such as intelligent compaction (IC) and automated machine guidance
(AMG), can potentially offer a significant return on capital investments. IC technology integrated
with global positioning systems (GPS) provides 100 percent coverage of the conditions of
compacted earth and hot mix asphalt (HMA) materials. AMG technology integrated with GPS
links sophisticated three-dimensional (3D) design software with construction equipment and can
help direct machine operations with a high level of precision. Using IC and AMG technologies
shows significant potential for enhancing the abilities of state/federal agencies and contractors to
construct better, faster, safer, and cheaper transportation infrastructure projects.

Workshop Objectives and Agenda

The objectives of this workshop were to update the strategies identified during the 2008
workshop; provide a collaborative exchange of ideas and experiences; share research results;
increase participants’ knowledge; develop research, education, and implementation initiatives for
IC and AMG technologies; and develop strategies to move forward.

The workshop was held for 2% days and was attended by about 100 participants from 16 state
departments of transportation (DOTs), 10 industry/manufacturing companies, 7 contractor
companies, 4 universities, the Federal Highway Administration (FHWA), the US Army Corps

of Engineers, the Associated General Contractors of Iowa (AGC), and the Asphalt Paving
Association of lowa (APAI). The first day involved a review of the 2008 workshop proceedings,
technical presentations on IC and AMG technologies, and briefings from participating DOTs.
The second day involved industry/equipment manufacturer presentations and breakout
interactive sessions on three topic areas. The third day involved breakout session summary
reporting and a panel discussion involving state department of transportation (DOT), contractor,
and industry representatives.

Report Organization

This report contains technical presentation slides, a summary of state DOT briefings, notes and
facilitator summary reports from the breakout sessions, and a summary of the panel discussion.
The complete workshop agenda is included in Appendix A, and a list of attendees is provided

in Appendix B. As background information, an overview of IC and AMG technologies, a brief
review of the 2008 workshop proceedings, and some guidelines for developing IC specifications
(provided to participants) are provided. Appendix C is the lowa DOT developmental
specification that was provided to participants. Photos of the workshop and comments evaluating
the workshop are provided in Appendices D and E, respectively. A brochure on the Geotechnical
Mobile Lab is provided in Appendix E

1 White D.J. (2008). Report of the Workshop on Intelligent Compaction for Soils and HMA, Earthworks Engincering

Research Center, Iowa State University, Ames, [owa.
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Background

Overview of Intelligent Compaction and Mechanistic-Based QA/QC

IC technologies consist of machine-integrated sensors and control systems that provide a record
of machine-ground interaction. With feedback control and adjustment of vibration amplitude
and/or frequency during the compaction process, the technology is referred to as intelligent
compaction. Without the feedback control system, the technology is commonly referred

to as continuous compaction control (CCC). The measurements obtained from the roller
provide an indication of ground stiffness/strength characteristics and, to some extent, degree
of compaction. Most of the IC/CCC technologies are vibratory-based systems developed in
Europe and Japan and have been used for more than 20 years.> 3 % 5 The vibratory-based
technologies have been applied to self-propelled, single smooth drum and padfoot rollers and
double drum asphalt compactors. A static-based measurement technology based on machine
drive power (MDP) has been recently developed for padfoot and smooth drum rollers.®

More recently, an artificial neural network (ANN)-based measurement system has been
developed for use on asphalt rollers.” Over the years, the technologies evolved to integrate
roller measurements with GPS measurements for real-time onboard mapping and visualization
capabilities. There are at least six IC/CCC systems/parameters that are summarized in the
2008 workshop report.! Technical presentations from the workshop with some details of these
technologies are presented later in this report.

Since 2003, transportation agencies and contractors in the US have been investigating
applications of IC/CCC on earthwork and HMA construction projects. Figure 1 shows seven
states with IC research/demonstration projects in the US. Table 1 provides a summary of IC
research/field demonstration projects in the US. A review of this project list shows limited
studies® ? (sponsored by Minnesota DOT) that documented results from pilot projects where
IC was specified in the project specifications.

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

3 Adam, D. (1997). “Continuous compaction control (CCC) with vibratory rollers,” Proc., 15t Australia —
New Zealand Conf. on Environmental Geotechnics, November, Melbourne, Australia, 245 — 250.

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

> Scherocman, J., Rakowski, S., and Uchiyama, K. (2007). “Intelligent compaction, does it exist?” 2007
Canadian Technical Asphalt Association (CTAA) Conference, Victoria, BC, July.

¢ White, D.J., Jaselskis, E., Schaefer, V., and Cackler, E. (2005). “Real-time compaction monitoring in
cohesive soils from machine response.” Transportation Research Record, No. 1936, National Academy Press,
173-180.

7 Commuri, S., and Mai, A. (2009). “Field validation of the intelligent asphalt compaction analyzer.” Proc.
17th Mediterranean Conf. on Control and Automation, June 24-26, Thessaloniki, Greece, 651-656.

8 White, D.J., Thompson, M., and Vennapusa, P. (2007a). Field validation of intelligent compaction
monitoring technology for unbound materials. Final Report MN/RC-2007-10, Minnesota Department of
Transportation, St. Paul, Minnesota.

 White, D.J., Vennapusa, P, Zhang, J., Gieselman, H., and Morris, M. (2009) Implementation of intelligent
compaction performance based specifications in Minnesota, Final Report MN/RC-2009-14, Minnesota
Department of Transportation, St. Paul, Minnesota.
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Figure 1. States that participated in intelligent compaction research/demonstration projects

As an outcome of the 2008 workshop, the need for correlations between IC/CCC
measurement values and traditionally used point measurements (e.g., relative compaction,
modulus, strength, etc.) was identified as the top research need.! For earth materials, using
relative compaction (i.e., density) and moisture content for quality assurance (QA) and quality
control (QC) are common. Similarly, a density measurement (to determine air void contents)
is also a common QA/QC measurement for HMA. IC/CCC measurements are generally better
correlated with mechanistic stiffness/strength measurements than with relative compaction.
Correlating IC/CCC measurements to mechanistic measurements has the advantage of
potentially verifying pavement design parameters. Use of in situ QA/QC methods that
provide mechanistic measurements (e.g., light weight deflectometer [LWD], falling weight
deflectometer [FWD], dynamic cone penetrometer [DCP]) are increasingly being considered
by state and federal agencies.® % '* More details on mechanistic QA/QC testing can be found

elsewhere.1,8:2:10

Overview of Automated Machine Guidance

A research project was recently initiated by the National Cooperative Highway Research
Program (NCHRP 10-77)'! to help accelerate the implementation of AMG in the
transportation industry. Application of AMG technology to transportation construction
projects eliminates guesswork, reduces the need for skilled labor, and improves safety at
construction sites. AMG has the potential to improve the efficiency of contractors and
provide significant time and cost savings.'?> Some key obstacles that are hindering accelerated
implementation of AMG technologies include (a) lack of a standardized process for

10 Puppala, A.J. (2008). Estimating stiffness of subgrade and unbound materials for pavement design, NCHRP
Synthesis 382, Transportation Research Board, Washington, D.C.

1 NCHRP 10-77 - Use of Automated Machine Guidance (AMG) within the Transportation Industry
htep://144.171.11.40/cmsfeed/ TRBNetProjectDisplay.asp?ProjectID=2504> Date Accessed 11/15/2009.

12 Automated Machine Guidance — Brochure, AASHTO Technology Implementation Guide (TIG). <http://
tig.transportation.org/sites/aashtotig/docs/tigamgbrochurefinal.pdf> Date Accessed 11/15/2009.
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Table 1. Intelligent compaction research/demonstration projects to date in the US

2003
2003

2004

2005

2006

2006
2006
2006

2007

2007

2007

2007

2008
2008

2008

2009°

2009

Active

Active

Active
Active

Active

Active

Active®

Project Title

Exploring Vibration-Based Intelligent Soil Compaction

Intelligent Compaction: Overview and Research Needs
Field Evaluation of Compaction Monitoring Technology: Phase 1

Continuous Compaction Control MnROAD Demonstration

New Technologies and Approaches to Controlling the Quality of Flexible
Pavement Construction

Field Evaluation of Compaction Monitoring Technology, Phase 2
Advanced Compaction Quality Control
Intelligent Compaction and In Situ Testing at Mn/DOT TH53

Field Study of Compaction Monitoring Systems: Self-Propelled Non-
Vibratory 825G and Vibratory Smooth Drum CS-533E

CAREER: Geo Works: Multidisciplinary Design Studio Fostering Innovation
and Invention in Geo-Construction through Research, Development, and
Education

Field Validation of Intelligent Compaction Monitoring Technology for
Unbound Materials

Preliminary Field Investigation of Intelligent Compaction of Hot-Mix
Asphalt

Intelligent Compaction Implementation: Research Assessment
Field Evaluation of (S-563 and (S-683 Vibratory Smooth Drum Rollers

Demonstration of Intelligent Compaction Control for Embankment
Construction in Kansas

Implementation of Intelligent Compaction Performance-Based
Specifications in Minnesota

Intelligent Soil Compaction Systems

Evaluation of Intelligent Compaction Technology for Densification of
Roadway Subgrade and Structural Layers

Development of Soil Stiffness Measuring Device for Pad Foot Roller
Compactor

Intelligent Asphalt Compaction Analyzer
Investigation of Intelligent Compaction Technology
Intelligent Compaction for Evaluation of Geogrid-Reinforced Base Material

Accelerated Implementation of Intelligent Compaction Technology for
Embankment Subgrade Soils, Aggregate Base, and Asphalt Pavement
Materials

lowa DOT Intelligent Compaction Research and Implementation

Sponsors

Oklahoma DOT, FHWA
FHWA

lowa DOT, FHWA,
Caterpillar, Inc.

Mn/DOT
TxDOT, FHWA

lowa DOT, FHWA
Indiana DOT, FHWA
Mn/DOT

Caterpillar, Inc.

National Science
Foundation

Mn/DOT, FHWA

Virginia Department of
Transportation

Mn/DOT, FHWA

Caterpillar, Inc.

Kansas DOT, FHWA

Mn/DOT

NCHRP

WisDOT

Colorado DOT, Mn/DOT,
FHWA

Oklahoma DOT, FHWA
DelDOT

Tensar International Corp.

FHWA Pooled Fund Study

lowa DOT

Performing
Organization

University of Oklahoma

Texas A&M University
lowa State University
(NA Consulting Engineers
Texas A&M University

lowa State University
Purdue University

CAN Consulting Engineers

lowa State University

Colorado School of Mines

lowa State University

Virginia Transportation
Research Council

University of Minnesota

lowa State University

Kansas State University

lowa State University

Colorado School of Mines,
lowa State University

Applied Research and
Associates, Inc.

Colorado School of Mines

University of Oklahoma
University of Delaware

lowa State University

The Transtec Group, Inc.,
lowa State University

lowa State University

TProjects with IC specification implementation on pilot projects



development and transfer of 3D electronic files, (b) a general lack of knowledge in technical
aspects, (c) legal barriers, and (d) lack of documented case studies demonstrating the benefits of
the AMG technology.

A few state DOTs (e.g., Colorado, California, Iowa, Minnesota, New York, and Wisconsin)
have developed specifications to implement AMG on transportation construction projects.

As part of the workshop breakout sessions, the groups were asked to develop a framework to
move AMG technology forward into the mainstream of highway construction. As an example,
a copy of the Iowa DOT developmental specifications (see Appendix C) was provided for the
workshop participants. Discussion and results from the breakout sessions are provided later in
this report.

Summary of the 2008 Workshop

One of the key outcomes from the 2008 workshop was that a follow-up workshop was

highly encouraged to continue identifying opportunities to advance applications of new
technologies. Approximately 100 participants, with representatives from several state DOTs,
FHWA, industry/manufacturers, contractors, and universities, attended the 2008 workshop.
The workshop involved several technical presentations, nine breakout sessions covering three
topic areas (“IC for soils and Aggregate,” “IC for HMA,” and “Implementation Strategies”),

a panel discussion, and a group exercise to identify implementation strategies. The workshop
proceedings summarize the workshop events and outcomes (see Figure 2).! Some of the
significant outcomes of the 2008 workshop included identifying (a) the top 10 IC technology
research needs, (b) where we are and where we are going, and (c) strategies for moving forward.
The workshop provided an excellent platform for collaboratively exchanging ideas and taking
initiative to accelerate implementation of IC technologies. The proceedings provided a road
map for implementation that identified key research and training focal areas. The road map was
evaluated as part of the 2009 workshop and is discussed later.

Guidelines for IC Developmental Specifications

Participants were given a handout with key attributes of IC specifications, a summary
comparing current IC specifications,'® 14 a list of IC specifications—related literature, and

five possible specification options (including options for performance specifications). These
documents are discussed later in this report. A key outcome of the discussions was a revised key
attributes list for IC specifications.

Draft Key Attributes of IC Specifications

The following are considered key attributes of IC specifications. Although current IC
specifications (see Table 1) have common language for many of these attributes, the largest
differences exist with attribute item number 10.

13 ISSMGE. (2005). Roller-Integrated continuous compaction control (CCC): Technical Contractual
Provisions, Recommendations, TC3: Geotechnics for Pavements in Transportation Infrastructure.
International Society for Soil Mechanics and Geotechnical Engineering.

14 Mn/DOT. (2007). Excavation and embankment — (QC/QA) IC quality compaction (2105) pilot
specification. Minnesota Department of Transportation, St. Paul, Mn.
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E E Rc C"e TOWA STATE UNIVERSITY ~ 5 fova Department
OF SCIENCE AND TECHNOLOGY “a») of Transportation

EARTHWORKS ENGINEERING  Cenfer for ransporaion
Resocrch and Education

Top 10 IC Technology Research Needs

Need ion studies

granular, HMA, etc.) (136)
Education/training fals and p (12)

Moisture content (influence + measurement) (61)

Integrated design + real-time data transfer (57)

Case histories + demos + benefit + successes (48)

Engineering parameter to measure (density, modulus, stiffness, core mat temperature)? (47)
Addressing non-uniformity (34)

Establishing QC/QA framework - statistically significant (28)

©oE S e e e

Measurement influence depth? (19)

10. Promoting good geotechnical practices (13)

Common Themes from Panel Discussion Session

1. High level of interest from the state DOTs in further studying opportunities to implement IC.
2. Implementation strategies need to build on existing information and past research.

3. Specifications for IC and in situ testing should not restrict manufacturer/equipment devel-
oper innovations.

4. Contractor and state DOT field | and engi need i ials for IC
and in situ QC/QA testing.

Common Themes from Group Implementation Strategy Session

1. Develop IC training and certification program.
2. Demonstrate benefits of IC through demonstration projects.

3. Promote partnership as key strategy to implementation.

Where we are: Where we are going:

« Lack widely accepted IC specifications in « Standardized and credible IC specifications
us. inclusive of various IC measurement systems

« Widespread implementation of IC
technologies

+ Need education/training materials

« Innovative IC and in situ testing
equipment « High quality database of correlations

« Several documented successes for cohesive/
stabilized/granular/HMA

« IC technologies provide documented
benefits (smooth drum - granular)

« Better understanding of roadway perfor-
mance - what are key parameters?

+ Great potential and some limited suc-
cesses for cohesive and HMA

« Poor database development for IC proj- « Innovative new sensor systems and intelli-
ects and case histories gent solutions

« Initiated human IC network . and ible 3D el
plans with improved processes, efficiency

« Increasing acceptance/GPS infrastructure
0 5 and performance

for stakel hine

- “Don't know what we don’t know” « Real-time wireless data sharing

d archival and visualization software

« Improved analytical models of machine-
ground interactions

Strategies for Moving Forward

« Participate in partnerships for IC research and information exchange regionally and nationally
« Be an advocate for ICimplementation

« Contri to problem for NCHRP, TRB, FHWA, AASHTO, ASCE Committees

« Participate in IC conferences/studies and the annual EERC Workshop
- Participate on EERC Scientific and Policy Advisory Council (35 members) - IC and other issues

« Stay connected: Subscribe to EERC Technical Bulletins, Tech Transfer Summaries, Technical
Reports, Educational Videos, etc. (www.intelligentcompaction.com).

« Develop a comprehensive and strategic IC road map for research and educational/technology
transfer

Figure 2. Report of the 2008 workshop, photos, and some key outcomes

1. Descriptions of the rollers and configurations

2. Guidelines for roller operations (speed, vibration frequency, vibration amplitude, and

track overlap)

3. Records to be reported (time of measurement, roller operations/mode, soil type, moisture

content, layer thickness, etc.)

Repeatability and reproducibility measurements for IC measurement values (IC-M V)

4,
5. Ground conditions (smoothness, levelness, isolated soft/wet spots)
6.

Calibration procedures for rollers and selection of calibration areas

7. Simple linear regression analysis between IC-MVs and point measurements
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8. Number and location of QC and QA tests

9. Operator training

10. Acceptance procedures/corrective actions based on achievement of minimum MV target
values (MV-T'Vs) and associated variability.




IC Specifications and Related Literature

Adam, D., and Kopf, E (2005). Continuous Compaction Control (CCC) - calibration and
application according to the Austrian specification RVS 85.02.6, Austrian Engineer and Architect
Magazine 150, Class Number 4-5/2005, Vienna, Austria (in German).

ATB Vig. (2004). “Kapitel E - Obundna material VV Publikation 2004:111,” General technical
construction specification for roads, Road and Trafhic Division, Sweden.

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

Camargo, F, Larsen, B., Chadbourn, B., Roberson, R., and Siekmeier, J. (2006). “Intelligent
compaction: a Minnesota case history.” Proc., 54th Annual University of Minnesota Geotech.
Conf-, February, Minneapolis, CD-ROM.

ISSMGE. (2005). Roller-Integrated continuous compaction control (CCC): Technical Contractual
Provisions, Recommendations, TC3: Geotechnics for Pavements in Transportation Infrastructure.
International Society for Soil Mechanics and Geotechnical Engineering.

Mn/DOT. (20006). Excavation and embankment — (QC/QA) IC quality compaction (2105) pilot
speciﬁmtz'on. Minnesota Department of Transportation, St. Paul, MN.

Mn/DOT. (2007). Excavation and embankment — (QC/QA) IC quality compaction (2105) pilot
specification. Minnesota Department of Transportation, St. Paul, MN.

Petersen, D., Siekmeier, J., Nelson, C., Peterson, R. (2006). “Intelligent soil compaction —
technology, results and a roadmap toward widespread use.” Transportation Research Record No.
1975, Journal of the Transportation Research Board, National Academy Press, 81-88.

RVS 88.02.6. (1999). “Continuous compactor integrated compaction — Proof (proof of
compaction),” Technical Contract Stipulations RVS 85.02.6 — Earthworks, Federal Ministry for
Economic Affairs, Vienna, Austria.

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

White, D.J., Thompson, M. and Vennapusa, P. (20072). Field validation of intelligent
compaction monitoring technology for unbound materials. Final Report MN/RC-2007-10,
Minnesota Department of Transportation, St. Paul, MN.

White, D., Vennapusa, P, and Gieselman, H. (2008). “Roller-integrated compaction

monitoring technology: Field evaluation, spatial visualization, and specifications.” Proc., 12th

Intl. Conf. of Intl. Assoc. for Computer Methods and Advances in Geomechanics (IACMAG), 1-6
October, Goa, India.

White, D.J., Thompson, M.]., Vennapusa, P, and Siekmeier, J. (2008). “Implementing
intelligent compaction specification on Minnesota TH 64: Synopsis of measurement values,
data management, and geostatistical analysis.” Transportation Research Record, No. 2045, 1-9.
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White, D.]., Vennapusa, P, Zhang, J., Gieselman, H., and Morris, M. (2009). Implementation
of intelligent compaction performance based specifications in Minnesota. Final Report, Minnesota
Department of Transportation, St. Paul, MN.

NCHRRP. (2009). Intelligent soil compaction systems — NCHRP 21-09. National Cooperative
Highway Research Program, Transportation Research Board, Washington, D.C.

ZTVE StB/TP BE-StB. (1994). Surface Covering Dynamic Compaction Control Methods —
German Specifications and Regulations. Additional Technical Contractual Conditions and
Guidelines for Earthwork in Road Construction and Technical Testing Instructions for Soil
and Rock in Road Construction, Research Society of Road and Traffic, Germany.

IC Specification Options

Table 2 summarizes IC specifications.

Table 2. Summary comparing current IC specifications

QA/QCTest

Specification Target IC-MV Acceptance Criteria Frequencies

Average MV > MV-TV
[f minimum MV > MV at 0.95 x QA-TV, MV-COV shall be <
MV-TV = MV at 1.05% QA-TV 20%

from calibration Minimum MV for a measuring pass shall not be
ISSMGE (2005) (withr>0.7in linear regression | < MV at 0.95 x QA-TV for a maximum length of 10% of track —
between MVs and QA test length
measurements) Minimum MV for a measuring pass shall not be
< 80% of 0.95x QA-TV
Maximum MV < 150% of MV at 0.95 QA-TV
|9C0;Y 1_333:/‘(’): ; Itcnglll\r{;\;/v Tlg];: MV for 90% of area within 90% to 130% of MV-TV 1 per 300 m for
Mn/DOT (2007) point of no significant increase Localized areas IC < 80% of MV-TV reworked until MV > the entire width
90% MV-TV of embankment

in compaction®

¥IC-TV is established using an iterative method by grouping the calibration MV data into distribution limits (i.e., >130%, 90%-130%, <80% of MV-TV)
based on a trial MV-TV. If a significant portion of the grade is more than 20% in excess of the selected MV-TV, a new calibration strip may be needed.

Option 1: Roller-based QC with pre-selected MV-TVs

For this specification option, an appropriate MV-TV is pre-selected based on documented case
histories/literature, a database of information from local projects, laboratory tests, calibration
tests on test beds of known engineering properties, a mechanical apparatus simulating a

range of soil conditions, and/or numerical modeling. The contractor uses the preselected
MV-TV primarily for QC. QA is evaluated using a combination of IC-MVs and in situ QA
point measurements. This option will become more beneficial as experience and data become
available through implementating IC in earthwork projects.

Option 2: IC-MV maps to target locations for QA point measurements

IC-MV geo-referenced maps are used in this specification option to identify “weak” areas to
focus on QA point measurements. Proper QC measures (e.g., controlling moisture content,
lift thickness, etc.) should be followed during compaction. The contractor should provide
the IC-MV map to the field inspector for selection of QA test locations. Judgment is used to




select the number of tests and test locations. Acceptance is based on achievement of target QA
point measurement values in roller-identified “weak” areas. If in situ test QA criteria are not met,
additional compaction passes should be performed and/or QC operations should be adjusted (e.g.,
moisture, lift thickness, etc.) and retested for QA.

Option 3: MV-TVs from compaction curves to target locations for QA point measurements

This specification option evaluates the change in IC-MVs with successive passes as an indicator

of compaction quality. As the number of roller passes increases, the change in MV between passes
normally decreases. A production area is monitored by evaluating the percent change in IC-MVs
between successive passes. Once the percent change of < 5% over 90% (these percentages can be
adjusted based on judgment and field experience) of the production area between roller passes

is achieved, the production area is considered fully compacted. This option is more effective for
controlled field conditions with relatively uniform materials, moisture content, and lift thickness
and serves as a QC process control for the roller operator. The numbers of tests and test locations
are selected based on judgment. Acceptance is similar to Option 1, in that QA testing is targeted in
areas with relatively low IC-MVs.

Option 4: Calibration of IC-MVs to QA point measurements

This specification option requires calibration of IC-MVs to QA point measurements from a
representative calibration test strip prior to performing production QA testing. The MV-TV is
established from project QA criteria through regression analysis and applying prediction intervals.
For modulus/strength measurements, simple linear regression analysis is generally suitable, while
for correlation to dry unit weight/relative compaction measurements, multiple regression analyses,
including moisture content as a variable, may be needed. If underlying layer support conditions are
heterogeneous, relationships are likely improved by performing multiple regression analyses with
IC-MYV or using point measurement data from underlying layers. Acceptance of the production
area is based on achievement of MV-TV at the selected prediction interval (80% is suggested) and
achievement of target QA point measurement values in the areas with MVs < MV-TV.

Option 5: Performance-based QA specification with incentive-based payment

One of the shortcomings of the existing IC specifications might be that the acceptance criteria
(specifically the target limits) are dependent on specific IC technology. This specification option,
although it requires a more rigorous statistical analysis framework, could provide a consistent
means for specifying acceptance criteria. The acceptance criteria for this option are (a) the overall
level of critical soil engineering properties over an area achieves the MV-TV and (b) the variability
of critical soil engineering properties over an area is no more than some specified maximal
amount (e.g., COV%). These acceptance criteria are established based on regression analysis from
calibration, applying prediction intervals, accounting for the repeatability and reproducibility
errors associated with IC-MVs and point measurements, and a selected probability or risk level in
acceptance decisions. This approach could provide a link to performance-based specifications and a
quantitative mechanism to define incentive-based payment.

Figure 3 summarizes and provides a framwork for four of the five different IC earthwork
specification options.
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IC Specification Options

MV-TV is preselected*
Perform production Map production area with constant ) In-situ QA testsin areas | YES |Productionarea
compaction (Manual roller operationsettings (a, f, v) with (MVs<MV-TV) > QA-TV accepted
- or Automatic) Retest
C NO l Tf iled
0 Production area IC-MV Map . fE” ecareas -
5 MV > MV-TV Perform additional compaction and/or adjust process control
®) B MV<MV-TV = operations: material type, moisture, lift thickness, etc.
_X In-situ QA *MV-TVs are derived from documented case histories/literature, database of information
Adjust MV scale based . l with similar soil conditions, laboratory tests, mechanical apparatus simulating the field
on pre-selected conditions, and/or numerical modeling
MV-TVs*
Perform production | Map production area with constant | In-situQAtestsin | YES |Productionarea
compaction (Manual roller operation settings (g, f, v) “I'weak” areas > QA-TV accepted
N or Automatic)
- . NO Re?test
k) High MV Production area IC-MV Map failed areas
8‘ H Low MV Perform additional compaction and/or adjust process control
X In-situ QA operations: material type, moisture, lift thickness, etc.
Adjust MV scale to
find “weak” areas
Perform production o Evaluate production area AMV map: | YES In-situ QA testsin YES |Productionarea
compaction (Manual IsAMV < 5% over 90% the area? “weak” areas> QA-TV accepted
mode only*) F Retest
*At least the last two passes NO NO .
= considered for evaluation v v failed areas
c Perform additional Adjust process control operations:
-8 compaction material type, moisture, lift thickness, etc.
o
o Production area AIC-MV Map (% change in IC-MV) Production area IC-MV Map
[ | AMY <5% | Highmv
| < | AMV_S‘; B Low MV
| u >2% X In-situ QA
YES | 1
Perform calibration . ; . ” .
p ) Production Area NO In-situ QA testsin “weak” | YES* | Productionarea
to determine target > MVs > MV-TV > areas>QA-TV Accepted
MV-TV
M ts that
N Prediction limits ; Retest t d;iifr:}rg;q;e QaA
< associated with NO failed areas criteria
c % confidence \ \
.g Perform additional compaction and/or adjust process control MV v
8- Mv-Tv 54 operations : material type, moisture, lift thickness, etc.
.-~ Roller operation n r\ )
. 3 d i X 4 Production
settings (q, £ and v) Production area IC-MV Map Roller operation: QAtests
’ - are constant during a, f, vare similar to 2 Minimum
g l g]l;l_l_ll'_\n/um calibration N B Pass calibration 5 L QA-TV R
e > ) W Fail <
it OA Tt Tl EN B X in-situ QA

Figure 3. Framework for different IC earthwork specification options



Presentations

The following is a list of the presentations delivered at the workshop. The slides follow.

1.
2.

10.

Welcome and Workshop Mission—Sandra Larson
2008 Intelligent Compaction Soils and HMA: Review of Workshop Outcomes
—David White

Joint Rapid Airfield Construction (JRAC): U.S. Military’s New Approach to Contingency
Airfield Construction—Gary Anderton

IC Case Histories for Soil, Aggregate, and HMA—David White, Pavana Vennapusa, Rachel
Goldsmith, and Luke Johanson

Mn/DOT'’s Experience with LWD and IC Implementation—Rebecca Embacher and Tim
Andersen

Iowa Real-Time Network (Iowa RTN)—Mike Jackson

GPS Technology in Planning, Design, and Construction Delivery—]Jeff Hannon; GPS
Automatic Grade Control Systems, Engineering Distance Education—Clharles Jahren;
NCHRP 10-77—David White

Participating State DOT Briefings—David Jared and Brett Dening

Industry/Equipment Manufacturer Overviews

— Intelligent Technologies Creating Intelligent Surfaces—Corey Johnson, Bentley

— Overview of BOMAG IC Technology—Dave Dennison, BOMAG

— Connected Worksite Solutions—Terry Rasmussen, Caterpillar

— Dynapac Compaction Analyzer and Optimizer—Dynapac

— Intelligent Compaction for Soils and Asphalt—Stan Rakowski, Sakai

— Project Planning Using: GIS, GPS and RFID—Kelly Miller, Trimble
Trimble, Construction Technology and Compaction Control Systems—]Jeroen Snoeck,
Trimble

Facilitators’ Report / Discussion—Tom Cackler, Ed Engle, Heath Gieselman, John Hannon,

Charles Jahren, Pavana Vennapusa, David White, Paul Wiegand, Caleb Douglas

Report of the Workshop on Intelligent Construction for Earthworks

11






Sandra Larson

—
c
o

=
©

—
=
(]
w0
[
=

o

%)
=
r=
o
2
<=
=
=
©
w
=
L

Q
o
<
%)
=
r=
2
=
o
=
v
=
=
=)
1%
c
(e}
Y
-
=
()

=2
]
=
5
(o)}
o
o
o

2009 Intelligent Construction Workshop for Earthworks
Welcome and Workshop Mission

Sandra Larson

Welcome and Workshop Mission

.
Workshop Mission

Intelligent Construction

o Earthworks

= _...provides an opportunity for participants
to exchange ideas and experiences in
using intelligent construction technologies.

WELCOME! e A

* ....goal is to increase participants
Sand i i i
it gﬂi’;’;&n‘:; knowledge and identify strategies to
Transportation advance use of these tools to provide
4N town Dspaimant verifiable results that are appropriate for
g Ol Transpomatian

both contractor quality control and owner
acceptance decisions.

Attendance #'s

= State DOTs (16 states)
+ |ndustry/Manufacturing (10 companies)
= Contractors {7 companies) Wh)f are we hE’-r'E?

= FHWA, NCHRP, US Army Corps of Engineers,
lowa AGC, APAIl, ENR Magazine
John Adam, P.E

= Consultants (2 companies) Iowa Department of
= International {Japan) T Criatico)
+ Academics (4 universities)

« ~100 attendees Thank You!

Automated Machine Guidance
-Its Status at the lowa DOT

- - P r % E ﬁl&ilm US& ||'I 95% G[ Eﬂﬂi'l-n'lml'll'lg FII'G ecls as
crwva Depariment of /
Slanca Dpﬂfﬂllng pmﬂedurﬂ

Trans
i I * Developmental Specification being used
Intelligent Paving * Electronic files made available with bid packages.
Compaction Systoms - Feal-tma
[ Thckness + Files now cover 80% of grading surfaces (work toward
Ressareh Intlne Measurement and 100% coverage is on-gaing)

» Checks & balances: Traditional survey & hubs

= Current & future goal: Continuous improvement in
o cooperation with contractors and researchers (AGC and
: lowa State University - CTRE),
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Sandra Larson

2009 Intelligent Construction Workshop for Earthworks

Welcome and Workshop Mission

Sandra Larson

Intelligent Compaction Initiative

lm,prmﬁmad biui
* Pnmary Tasks
= Detaded demonstration projects (3 i 2009) for soil and HMA
= Develop framawork for IC databasa
- ::zr&urg? piiot Developmental Specification and let project(s)

implement intelligent compaction
research and training that leads to
ng quality, efficiency, and cost.

- Create training program for lowa DOT and contractor
« Collaborative effort with industry and EERC

Intelligent Paving Systems

* “Using Scanning Lasers for Real-Time Pavement
Thickness Measurement,” IHRE Project TR-538

* “Stringless Portland Cement Concrete Paving,” lowa
DOT Project TR-490




2008 Intelligent Compaction Soils and HMA: Review of Workshop Outcomes

IVERSITY

ntal Engineering

2008 Intelligent Compaction Soils and HMA:
Review of Workshop Outcomes

David 1. White, Ph.D.
Associate Professor
Director, EERC

April 14, 2009

Dream it, l'_'lnr'.lgn it, Build it.

Workshop Ov

* 2.5 day event in Des Maoines, LA n

. April 2008

= =100 participants (State DOTs,
FHWA, Contractors, Equipment
Manufacturers, Academics)

= 555 provided for State DOTs

= Technical Session, Breakout
Working Sessions, Pane|
Discussion, Group Exercise

:’_:f * Next Meeting Planned for Apti
il 14:16, 2009

hatp s ctn lastate pdu)reports finteligent-compaction-wishp. pdf

Day 1 - Technical Presentations

1. intelligent Compaction for Soils and Aggregate — Dr. David ). White
2. melligent Compaction (IC) for Hot Mix Asphalt (HMA) = Lee Gallivan

3. Automated Technologies in Construction = Dan Streett

4,  Earthworks Engineering Research Cenber = Dr. David J. White

5 megola;.n:dtomwdm at MnDOT = Glenn Engstrom, Craig Collison, and

6. European Experience with ICS — Francois Chaignon

7. Intelligent Compaction for Soil and Asphalt - Dean Potts.

B.  Asphalt Manager intelligent Compaction = Chris Connodly

9. intelligent Compaction fior Soils & HMA - Stan Rakowski

10. Evaluation of Highway Subgrade Strength with Acceleration Wave of the
Vibration Roller — Stan Rakowski

11. Intelligent Compadtion ...GPS-based Compaction Control = Kirby
Carpenter

12, ntelligent Compaction = Khalil Maalouf

13, intelligent Compaction: Where we are at and whitre we need to be —
Brett Stanton

14. Fadilitator Report = Discussion = Tom Cackler, Ed EI'@E Heath
Gieselman, Lisa Rold, Douglas Townes, David White

Hard Work, Fun, New Partnership..

shop Objectives and Vision

* Provide a collaborative exchange of ideas for
developing research and educational
initiatives that accelerate implementation of
intelligent compaction technologies

= Create a roadmap for implementation that
identifies several key research and training
focal areas

* How did we do it?

Technology — What is IC?

o 10—
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2008 Intelligent Compaction Soils and HMA: Review of Workshop Outcomes

David White

Measurement Influence Depth

Correlations - In-Situ Testing Equipment

o 4 8 BW
Trarmwarss Langh (r)

Repeatability / Reproducibility of IC

Correlations to LWD/FWD/Dry Density

IO0-mm D Bod-mm Eorm WD Diry Dwenity
E.:-—"--" 1 10 il L B e '|=i
=Pt VAT J e g | ety o

L 1 -‘::_ﬁ'ﬂ L -L:.:li P D e

Mt iy RCHRP 2109 [in revierw], FHWA IC Pocded Fund Study {os-going], Ma/DOT studies
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2008 Intelligent Compaction Soils and HMA: Review of Workshop Outcomes David White

Intelligent Compaction (IC) Benefits of 1C for HMIA

-‘ﬁ_'u' Hot Mix Asphalt (HMA)

= Improve c

= |mpro

Lee Gallivaa, HIPT
Federal Highway Administration
! April 2, 2008

= Electronic Engineering Data (EED) Types
What to Transfer to Construction:
Coordinates & Alignments
DTM Surfaces (Feature Based)
Graphics
Storm & Sanitary Database
Quantity Manager Database

IC Reflections
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Evaluation of the highway subgrade .
strength with the acceleration wave Density by nuclear Gauge & CCV

. -
of the vibration roller
0
—
o =
= sol— | I.j____...-nf"" . 1 1 e
Japan Highway Public Corp., ¥. Kitnmura & E =, E
K. Fujioka s =] =
Sakai Heavy Industries, Lid,, K. Uchivama : 3
Fade Cosstraction Ca,, T, Mishio = 40 |
Hagama Co.. 5. Wakajima g
=
8 UV imSec, A - COV S @
=L} Dy duwity b Sen & <D Dy demsiny s Sec, B
N TR
Mo, of Roller Passes

Intelligent Compaction Realities of the Paving Job Site

for Soils & HVMIA | Zami ekl

Asphalt Compaction — Research at Un, Of
Oklahoma
Intelligent Asphalt Compaction Analyzer (IACA)

+ tarkkail Lemen |Sonsdrction)
 Usnbwirmity of Dalehoma (P

+ ¥ohwo Rosd Machinery (Sponsor]
« E& T ing [Tewtisgaa)

= FHWA Aweard: S00K
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E = |~ ACE2e BOMAG

ACE_, : Compacted Soil
Different Subgrade

Asphalt Manager
Intelligent Compaction

+ASPHALT-
MAKAGER
Best for
COMPACTION
F1.4 Bl Sarniary 3008, B T4 AMMANN
BOMAG Intelligent Compaction

Asphall Manager + BOMAG GPS Sysiem

for Soil and Asphalt

*  Surface covering compaction control on
asphall kayerns

* GPS mecoer

»  GPS mlerdnce staticn

« Roler PC for dals msnaging and
praphical represanabon of rolar position
and shfiness values

= Paosilion accuracy: betier than 10 em

= CAD based evahealion program

Dean Potts - Engineanng Manager
Advanced Dasign Group

CAT AccuGrade ® Compaction — CMV (CCV)

'hll:-'-.____‘

INTELLIGENT COMPACTION

Where we are at and where we

need to be.
2

PAYNE & DOLAN

INCORPORATED
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2008 Intelligent Compaction Soils and HMA: Review of Workshop Outcomes

David White

INTRODUCTION

CONTRACTOR'S DEFINITION:

Intelligent compaction is a compaction system
that allows increasing productivity while
decreasing risk.

REGULATORY AGENCY'S DEFINITION:
Intelligent compaction is ancther means of
measuring and recording the quality of
compaction during the construction process,

summary Points

Tabsbe 2. Surmmry of mis i becbnoogy reseh sssd

Top 10 IC Technology Research Meads

L Hesd L dery fab slitenl. g arerlas, HBAR o4 | |1 361

i1 & A g i mtal v niE

[R LY I- RSPy S ——————_ L ||

A vty et deribgs = sl Gver data Vianaled (5TH

% Cnie Ritaries « devair - Duesalin + marovsies GED

b lng ap ety masdisban, Titfiness, core mat emperaturs| 7 |47
L I S p————

8 Etabiishiog OCUA famemonk - ististically sgifeant (28

U Mt il degehl (19
18 Promating good geotechnicsl practioes [11]

FJ | ":,l' .1 I'.l"ur (8,

KINE Sessions

* |IC for Soils and Aggregate
« IC for HMA
* Implementation Strategies

Specifications
and Standards

Equipment

Knowledge Gaps
Advancements

Education and T¢
Outcome: Develop a framework to move intelligent
compaction/machine control forward into the
mainstream of highway construction.

dentify Strategies to Action Successhul
Constraints ™ Overcome = Plan/Tasks =P Outcarme

%] ]
I ———

Summary Points

Table . Summary of common Shamars from gl discunaion

Common Themes from Panel Discussion Session

B, Highbreel of ivene st feoem tha vats DTS b hurthar tudhying opgartunities o impdement B0,

1. - T T —
3. Specificationd for i asd in it briting dhauld ri i gy el
o innvationy.
4 G DOT field p d eng wd dor 0
and b g QOO g,
Table 4. Susmary of themas fram the geoup gy Ewion

Common Themes from Group Implementation 51:‘.'|r_rr_; v Session

1. Dweslop IC trainieg and conification program.
1. Demombmbe benefityof IC thecugh demeonstration projects.
3, Promose partraribip o Key 1SRG 0 Emiphemansation,

Summary Points

Strategies for Moving Forward

« Partcipate i partaerhigd s I sesarch sad ink i changs reghanally and natianall

+ Bean sdvocabe for B implementation

G poddem Tor NCHRR, TRE, FHWR, ARSHTDL ASCE Committees

» Parti L] 8 vl tha eiiresl EER Weebshop

+ Participate on EERC Teientif and Policy Advisery Coundil (13 membaeril - IC st otha niuri

- feay & Sukacribe to [0RC T | Bullesing, Tech Transler Summaries, Technical
Repoats, Educations] Viios, 10, s e e mge e om|.

o+ Darwelisp hariibes and it I sl map far srigarch isd oo atisnal techaalegy
tramer
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2008 Intelligent Compaction Soils and HMA: Review of Workshop Outcomes David White

Vision for Techne mplementation

r—rn T et v S et e Lrnd

2009 Working Session Topic Areas

* Topic#1 = Intell m o fi i nd HWA
= Review and Discuss the IC Roadmap and Develop Strategic
Actions Plans

* Topic#2 - mi Machin i = Discuss existing
knowledge gaps? Equipmen re advancement needs?
Educa‘tiunaﬁ;ainirg needs? Specifications/standards?

* Topic #3 - Intelligent Compaction Specifications and
Performance-Based Specifications — Review and discuss outline
for IC development specification and performance-based
specifications for geotechnicalfearthworks.

Mote: Sign-up for two of the three topic areas [~20 per session)

Report of the Workshop on Intelligent Construction for Earthworks
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Gary Anderton

Joint Rapid Airfield Construction (JRAC):
U.S. Military’s New Approach to Contingency Airfield Construction

Gary Anderton

Joint Rapid Airfield Construction (JRAC) Briefing Outline

The U5, Military's New

Approach to Contingency « The Problem
Airfield Construction )
* The Solution
Intelligent Construction for
Earthworks Workshop * JRAC Technologies

April 14-18, 2003 = Final Demonstration Project

U.S. Military’s New Approach to Contingency Airfield Construction

Dr. Gary Anderton

JRAC P am Manager and

A e et B = » YOUR Worksite of the Future

Chied

U.8. Army Engineer Resaarch and o . 1' - : - JRAC Web Site

= U.S. Military's Worksite of the Future

Development Cenfes

Enginper Ressarch and Developmant Cenlar

=, ANy tme"”

binvited Abrficlds Avaitihle ] P—— wabiluration capabibties and no sustainghie gt sesght sl

JRAC @

Report of the Workshop on Intelligent Construction for Earthworks

Enginear Resoarch and Developmant Canlars

23



m
c
o

=]
©

-
c
(]
w0
(]
=

o

20
@)
<<
[>=
=
=
o
F=
v
=}
2
=
(%]
c
fs)
V)
kel
(]
=
=
<
el
o}
©
o
—
£
5]
9

Gary Anderton

Joint Rapid Airfield Construction (JRAC):
U.S. Military’s New Approach to Contingency Airfield Construction

Gary Anderton

oint Rapid Airfield Construction (JRAC) Increase Maximum On the Ground (MOG) by Two

U.S. Military’s New Approach to Contingency Airfield Construction

JRAC - 2 Days!

Enginper Ressarch and Developmant Cenlar

Expedient Site Assessment

Enginesr Research and Development Cenlar

Enhanced Construction Technologies

Equipment with etwork and ofTice management

Report of the Workshop on Intelligent Construction for Earthworks
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Joint Rapid Airfield Construction (JRAC):

U.S. Military’s New Approach to Contingency Airfield Construction

Rapid Low Logistics Stabilization

4 -
—
i
Pl Lap b medstule

Podppiogyiens Fibers pratecticn and dust procling

1 vy Do

[P — Enginess Resoarch and Developmant Canlor

Australia Video

U.S. Military’s Worksite of the Future

= Site Evaluation, Design and Construction are
Seamlessly Integrated

~ Site topography, design geometry, real-time
construction data are all accurately geo-
referenced

= Significant improvements in productivity and
accuracy

= Information flows freely and in real time

Enginesr Research and Dewelopment Center

Gary Anderton

N

¥

JRAC Fmal T

‘\

Demnnstratmn Pruject

iy —

June 21]67

I!ﬁ

T Momf@h Téﬁ'it?u%,l
Australia

USIAS Combined Joint Tasmme

Making Our Own Fun in the Outback

7

Ry N
udhe and Dave
the aboriginal

!
way fh. P

Enginser Ressarch and Davelopman Cenbas

A My Camprn
o Emggravars,

YOUR Worksite of the Future

~ Site Evaluation, Design and Construction are
Seamlessly Integrated

~ Site topography, design geometry, real-time
construction data are all accurately geo-
referenced

= Significant improvements in productivity and
accuracy

# Information flows freely and in real time

Engineer Rossarch snd Divelepmant Canles
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U.S. Military’s New Approach to Contingency Airfield Construction

Gary Anderton
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Gary Anderton

Joint Rapid Airfield Construction (JRAC):
U.S. Military’s New Approach to Contingency Airfield Construction

Gary Anderton

Jn m e <% 4oint Rapid
% - 8 . L =

By Alrheldj’liunstructmn

-Contingency Airfield Engineering Solutions

JHAL Hirws Project Spotbight Links b Downlpads

U.S. Military’s New Approach to Contingency Airfield Construction

Questions?

Enginper Ressarch and Developmant Cenlar
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IC Case Histories for Soil, Aggregate, and HMA

David J. White,

Pavana Vennapusa, Rachel Goldsmith, and Luke Johanson

Iowa STATE UNIVERSITY

m & Em

IC Case Histories for Soil,
Aggregate, and HMA

2™ Annual Intelligent Construction for Earthworks Workshop
Sheraton Hotel, West Des Moines, lowa
April 14, 2008

David L White, Ph.D.
Pavana KR Vennapusa, Ph.D.
Rachel Goldsmith

'L‘T:‘.J.]i'nh'u' Luke Johanson
EERC e

Dream it, Dn:lgn it, Build it.

Caterpillar:
CMV, RMY, MDP

Dynapac:
CMY, Bouncing Value

-
Imwacaey | cpemeg . = rebm
A e n : - ol gominei foren u; o -“':
= [FR ~ | = [ = | =
ENE SR
; ]
Po| e |k -
$ BRI
EEEEN
i M TiGH i
ol e ke = I R e

Summary of operating modes (from Adam and Kopf 2004)

IC measurements are empirically related to in-situ point
measurements {3, w¥, DCR £, .. Eqyp ete.) ond influenced by
roller sire, wibration amplitude, whration frequency, velocity, sail
type, and soil stratigraphy.

IC Measurement

LRI AT .|
L s F

Influence of Drum Operating NV

Il of drum -

WAV retative bo 08 13iness

Roller WV variation with woil modslus and drum
armpltede

e o rsmarcal weulaioos, drom Adem and Kogl 04|
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David J. White, Pavana Vennapusa, Rachel Goldsmith, and Luke Johanson
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IC Case Histories for Soil, Aggregate, and HMA

David J. White,
Pavana Vennapusa, Rachel Goldsmith, and Luke Johanson

Measurement Influence Depth

1. NCHRP Minnesota MnROAD

2. NCHRP Maryland I-70

3, NCHRP Colorado I-25
[ P 4, NCHRP MNorth Carolina U5311
e 5. NCHRP Florida I-10
o e 6. FHWA Minnesota Rt. 4
apE 7. Mn/DOT TH36

8. Mn/DOT THED

9. FHWA Texas FM156

[ rloataind 10. FHWA Kansas US69

MDP Vs, Point Measurements
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IC Case Histories for Soil, Aggregate, and HMA

David J. White,

Pavana Vennapusa, Rachel Goldsmith, and Luke Johanson
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IC Case Histories for Soil, Aggregate, and HMA

David J. White,

Pavana Vennapusa, Rachel Goldsmith, and Luke Johanson
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IC Case Histories for Soil, Aggregate, and HMA , ,
David J. White,

Pavana Vennapusa, Rachel Goldsmith, and Luke Johanson

US311 Project
High Point, North Carolina
NCHRP 21-09

David J. White, Pavana Vennapusa, Rachel Goldsmith, and Luke Johanson

Aggregate Base Material — 4” thick [USCS: SP-5M)

P A4 Influence of Underlying

T IEETEY c i b 30 {Toars WL w B0 mom G 0HT 0 Err=—r——— :
=, . ompd W
',E-, " .l_|it‘. FRodier MV and podal [” 1-1 w
ATl Py 1-.!: ImeTEArEments L mp i i :!
"'..,.1...'.;..'.;.'.;.'.‘..'.;..'..'.'....- ol s s

i — 18 u;.;-uuunmﬂwa-wlw

ot
b _ |' 1] v
'!_u!"- "'.‘!"‘:' l.-J' -|“,'.. Jl-.-. fl.,,‘.r _:E

..“\"." T’ BN '“ P
Compaction Curaes t:::,i._:hlr. [
[ — | - E - ! I Ef
i::i" 4 | L B : n-nl: e -||
mmmpe :; el
= - e e
e T; | Surface layer Roller MVs correlate better  § | ‘T
bo® et ol with underlying loyer CBR ful

P I R
T

Bed Constructian/Tes

Report of the Workshop on Intelligent Construction for Earthworks

31



<
c
.0
=
©
s
c
[
wv
4
2
a

<
=
T
e
[
©
[
3
©
[o)]
(]
1
()]
D
<
©
wv
=
{e)
w
g
=
[}
]
1]
T
[
w
©
U
=

David J. White, Pavana Vennapusa, Rachel Goldsmith, and Luke Johanson

Report of the Workshop on Intelligent Construction for Earthworks

32

IC Case Histories for Soil, Aggregate, and HMA

David J. White,

Pavana Vennapusa, Rachel Goldsmith, and Luke Johanson

Rolter MV ond in-situ point
megsurement compaction

S
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Simple linear regression et T E SR LT
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IC Case Histories for Soil, Aggregate, and HMA
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THE END!
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Mn/DOT’s Experience with LWD Implementation

Rebecca Embacher

Mn/DOT’s Experience with LWD
Implementation

Intelligent Construction for Earthworks
April 14, 2009
Sheraton Hotel
West Des Moines, lowa

Tim Anclersan
Robecea A Embachar

LWD Quality Compaction Projects

Number of Projects
]

20
10+
Fatwline Fackags

Calibration Issues

® Recommended Intervals:

= 2009 Calibration Costs
Shippir

Mn/DOT LWD Standard Configuratio

Currently Support
Zorn LWD

27 Zorn LWDs
Standard
Configuration

Sctrans: Crnswey of

Mn/DOT's Current Calibration Guidelines

® Submittal

Repeatability Testing

s Completed:
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Rebecca Embacher and Tim Andersen
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Rebecca Embacher and Tim Andersen

Mn/DOT’s Experience with LWD Implementation

Rebecca Embacher

Repeatability Summary — All Passing
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Quality Compaction — Deflection Method] LWD Test Depth / Sequence
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= Optimum Moisture Content

= Passing Compaction

1.10*LWD-TV

s Re-Evaluate LWD-TV

LWD Target Value Establishment

® LWD = TV = Deflection instead of Modulus

» Two Options

Material Type
Granwler Sails

LW Tesi Depth'
= enc-hall & thickaeis?

Granwlsr Base /
Seabilieation Layer

¥ mm {compaction sface)

Noa-Liramular Ssil

Comngacted wish

Pulifoo Roller

Mioiticem of deepesi indenimion
of the padfino penetrstion

Comnpacied with
Smaodsth-Dinam Roller

Compaction Surface {0imm)

= Seating:
Drops 1-3

u Test:
Drops 4 — 6

LWD Target Value Establishment

Option 1: Calibration Area

= 300 ft x Embankment Width x 4 ft

= 65% to 95% optimum moisture content

= LWD-TV = Ad < 10% wi/ repeated roller passes

= New Calibration Area




Mn/DOT’s Experience with LWD Implementation

Rebecca Embacher

LWD Target Value Establishment
Option 2: Comparison Testing

Troubles / Concerns

Utility Trench Portability
2 Person Job

Not “light”™ weight

Water Table Effects

Bridging (remove crust on clay prior to testing).
LWD will move if sand is too wet and sloped,

MNeed to level plate.

Unable to obtain consistent LWD results with only 1 ft
of sand above grade.

Thank You!

Positive Characteristics — wspectors comments
= Quick & Easy

® Inspector Remains on Grade

® Increased Contractor Awareness

® Increased understanding of WC & processes

s Improved Uniformity

» Improved over DCP

What's Next in Minnesota

» Continued Specification Refinement
s Elimination of Calibration Areas

» Local Calibration Options
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Mn/DOT’s Experi ith LWD Impl tati
n/DOT’s Experience wi mplementation Tim Andersen

Minnesota IC Experience

How is Uniformity Achieved ?
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Mn/DOT’s Experi ith LWD Impl tati
n/DOT’s Experience wi mplementation Tim Andersen

Rebecca Embacher and Tim Andersen

How to Test for Uniformity?

Sand Cones/Proctor => Density => Settlement
Test Roller => Soil Strength => Roadway Life
DCP => Shear Strength => Roadway Life

LWD => Deflection (Stiffness) => Roadway Life

Intelligent Compaction Projects

Report of the Workshop on Intelligent Construction for Earthworks
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Mn/DOT’s Experi ith LWD Impl tati
n/DOT’s Experience wi mplementation Tim Andersen

Rebecca Embacher and Tim Andersen

Proofing Layers Quality Assurance (QA) Requirements

Granular Materials T Observation of final proof
layer IC-
{Meeting Spec. 3149) ywe IG-ANY

- ; . Review and approve
Embankment Materials Proof Layer Designation Contractor's Weekly QC

Height
= 2 feet top of embankmant height

> 2 feet & < 4 feot mid point & top of embankment
| height | Test Relling @ Top of
> 4 foot successive 2 foot layers

Subgrade

IC Lessons Learned: What Worked IC Lessons Learned: What Worked

= Real-Time Results s Operators learn how
Py to make better
decisi

= N

Lessons Learned: Problems Encountered] Lessons Learned: Problems Encountered
= Data Los = Data Management
ing rofler data
n Lapto

® Inaccurate GPS readings on IC roller. ot
e amounts of pnntout maps
= Base stations not correctly setup.
s Roller Operator Requirements

Increased communication to roller operator is

needed

= Measurement value range (scale) not adequately
reflecting range from “soft” to “stiff".

= Support and training issues Computer Literate
KManufacturer to the Contacior Educated Operators

Report of the Workshop on Intelligent Construction for Earthworks
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Mn/DOT’s Experience with LWD Implementation

Tim Andersen

Rebecca Embacher and Tim Andersen

Lessons Learned: Problems Encountered || Lessons Learned: Problems Encountered

» Data Gaps = Map Printing
= Filtering of invalid data
. f
WIS

= Too much technology coming too fast!
nd Invalid data provided in A

n Need for certification of devices

Dperation Parameaters

Lessons Learned: Problems Encountered

Ideal Map from Roller

A et = .
T I e+ T e o I3
(= -

Potential IC Projects Future Granular IC Spec

= 200
&

Testing

Report of the Workshop on Intelligent Construction for Earthworks
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Rebecca Embacher and Tim Andersen
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Mn/DOT’s Experience with LWD Implementation

Tim Andersen

Goal

= Provide incentives & disincentives based on
uniformity
s How uniform is uniform?

Uniformity

s At what depth does uniformity have no effect on
pavement life?

7
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Michael Jackson

lowa Real Time Network (lowaRTN)

Michael Jackson

LBt RTK-GPS Network Components

+ Base Stations
+ Communication Network

lowa b
) + Users
Real Time Network 2
(lowaRTN) A S5
<e5™ ‘

Sontml Proscts Ergnaar
Iirwvd Deepuaetinan ol Teansgartuisn

April 14, 2009

RTK-GPS Network Uses Deployment Project Approach

. Surveying
o trittion * DOT-Owned, Vendor-Managed
3. Asset Management * Use DOT Facilities for Base Stations
4. GPS/AVL * Use DOT Communications Network
§. Monitoring * Use DOT Central Server Facility
9. Agreuiture * Free Access to Public
7. e & Private Sectors

lowaRTN Features Base Station Locations

. Statewide Coverage

]

. Accuracy (1 cm Hor.; 2 cm Vert.)

(5]

. Precision (1 Sigma)

-y

. Dpen Architecture
(RTCM 2.3, 3.0, 3.1, CMR, CMR+)

5. Base Station Redundancy
6. Server Redundancy

Report of the Workshop on Intelligent Construction for Earthworks

7. Use of Cellular Comms for Corrections
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Michael Jackson
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lowa Real Time Network (lowaRTN)

Michael Jackson

Contract Executed w/ Leica Geosystems
July, 2008 -

Base Station Deployment Begins
November, 2008 -

Completion of Base Station Deployment
December, 2008 -

Network Acceptance Testing
danuary. 2009 -

Training

Project Schedule Project Schedule
January, 2008 - Eebruary 2, 2009 -

lowaRTN activated for use
Eebruary 28, 2009 -

196 Users Registered

350 Rovers Registered for use

Preparing to Use the lowaRTN

Meed a receiver (rover) that, at a minimum, can

= Connect to the internet via cell phone or cell modem

Mo The Pefeork i indepiadend of call servios roved  Tuiec] B prowider' welh
Lol s i i e

~ Send a NMEA @ with account username and

password, or has IP functionality

= Can utilize RTCM 2.3, RTCM 1.x, CMR or CMR+ message
formats
MNote:

Al ysais are Wirongly shiouniged 1o fun the mosl ncenl Rmeans for
hay FEeniSqUISan My Bnd wiing

Fior maching control {consirucion and agriculionl] o propsct anses in
ool mervioe woids, sohutions st 1o proveds onshs redic Benadoast
of basedne and network solutiona

Pladrba maks firs you have 8 ndvigabed Boaflicn 66 yOuUr Fecemel
[ B FRBNING FPRTin Wil 1 DEtali

lowa DOT Web Site

(www.iowadot.gov)

Web Site Index

I ST | RS B ek 1
. e o | i e n e W S

Lo L




lowa Real Time Network (lowaRTN)

Michael Jackson

e — 1 e —
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lowa Real Time Network lowaRTN Products Schema

Contsct bformation

Steve Milligan
Statewide RTN Coordinator
515-239-1981 (office)
515-290-2831 (cell)
515-239-1873 (fax)

steven.milligan@dot.iowa.gov

Michael Jackson
Special Projects Engineer
515-239-1192 (office)

i i @ i

Questions?

Steps to Network Positioning

Fix the carmer phase ambiguities
batwean tha reference siatons

Calculaie tha erons
for each refefence station

Imespolate the estimated refenencs
Siors 1o the locaton of The rowar

Appiy cormecions 1o 1ha data fram
the master mierence station

FRowver processing fo calculale o position

Steps to Network Positioning

Spider MAX
e eteetl S picierNET

MAX

Rover
receiver
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Michael Jackson
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Michael Jackson

lowa Real Time Network (lowaRTN)

MAX Corrections

Michael Jackson

Steps to Network Positioning

ey
=3
S

1. Trammmissan. of e cbesrapton Gats o e
raferaron WAons ko e itk orEaEng
Raidy

3 ST B [SUCEE RN ATy

gty vl
3 (Diptonal) HUSLA GGA powion mcsived Som s
rver' i B e’y procmming Mty The most

SpiderNET

aproprile réteEon il e choee Y e
vl Gefibolnl] ot 4 Kualale

4 Fervaten and rarmessvon of NTCH 30
A PSR LAY GO b ek
[T E R ——
o ary WIS

& Computaton of S SCOSECY FOVEr pion
wning i L informatiorn from e ivlerenos
foaterh.

IMAX—
Rover receiver

b ek e ot

SR er e s v e |

i-MAX Corrections

1 Peprnirmman of i olaereion S Ve e
elaon MEOeE 13 P Netesrk prrcsssng Tl

I Mty sslmamon procen inciudng ambiglty
Pewhilion e iece B s o B corrn
gty v

1 MMEA GOA poaien reosvved Far B fover & P
ey pescaiang Noity The ol ancroonsls
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GPS Technology in Planning, Design, and Construction Delivery;
GPS Automatic Grade Control Systems, Engineering Distance Education;
NCHRP 10-77

[
=
o

=
©
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Jeff Hannon, Charles Jahren, and David White

A €5 o

[OWA STATE
UNIVERSITY

Intelligent Construction for Earthworks
Sheraton Hotel, West Des Moines, lowa
April 14-16, 2009

John Jeflney Hannon

Associate Prafessor
The University of Southern Mississippl
Schaol of Construction
Hatthesburg/{Guifport/fLong Beach, M5 tre
EERC Al

o

The University of lowa
Tigier Hawks
Codors: Black and Gold

The Uinheersity of Sowthern Mississippl
Galden Eagley
Colors: Blatk and Gold

Im 2000, I claimed that the Southern Mississippi Golden Eagles boga, introduced in
lanuary 2003, was too shmilar to the Hawkeyes” Tiger Hawk logo, which has been in
use singe 1979, Southermn Mississippl denled that there were any significant similasities
ar] continues 10 uie the logo.

S S e el reree Lo el e e ] ML P Ry

Mississippi Dept. of Transportation— Study No. 214

MDOT Implementation Plan for Global Positioning

Systems (GPS) Technology in Planning, Design, and
Construction Delivery

5.2 LITERATUEE BREVIEW

TRE Annual Conference, Wash DC, Jan 09
w-:-rhsh-:-m,.l'l're-sema'lnnns Altended

+  Cuwrtis Clabaugh (WY DOT)-Mapping and Digital Terrain Model for
Pr ]

+  Eevin Akin [CALtrans|-Bringing Maching Control to Califormia DOT
altrans] Construction Pr

+  Gerhard Pilchner [H.B. Rowe & Co.l-History of Machinge Control;
Confractor’s View

* Ron Clecarone (Rochester & Associates)-RBegenerating Digital Terrain
Data for Use with Contractor’s Equipment

*  Lance Brown|Kiewit Scuthem)-Automated Machine Contred -AMG

5.6 UTIRATURE RD¥ITW

Collection of Agency Specifications and History

1. CA Dept of Transportation
2. MM Dept of Transportation
3. |A Dept of Transportation

4. NYS Dept of Transportation

S8 UTERATURE RENIEW
Colieption of Agency Specification and History

1. Caltrans History 2001-Present

=2001, Technalogy Introduced Eardy Adopters (Vendors/Contractors)
2003, Machang Guidancs Commathes
[Designers, Swrveyors, Construction, Office Engineers--io
UNDERSTAND the technology as an organization)
-what ig it?
-How does it wark?
“what does it mean o us?
=2005, 2nd Level Guidance: Director, AGC
#2006, Industry Capacity Expansion Plan
=2007, Pilot Propects
=Curently=:> Software Application Change (can't afford everything

wanted)

«Currently=> Organizational Functions/Process Work-Flow Changes
[Create Policy)

sFuture=>  Full Adoption

Report of the Workshop on Intelligent Construction for Earthworks
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GPS Technology in Planning, Design, and Construction Delivery;
GPS Automatic Grade Control Systems, Engineering Distance Education;

NCHRP 10-77

Jeff Hannon, Charles Jahren, and David White

Sl UITERATURE REVIE'W
Collectan of Agency Reecfcations and History

Caltrans Results/Farly Conclusions

1.Most Issues Ovganirational [Change s Required)
Paper plans {20) are the legsl document
+ 30 design files sre an INTERMEDIATE product
+  Moded/digital files nod part of bid documents, not required by agency
at bid date
L.Dscovered design software application Fmetations
Current design softwarne s oross-section based, not model based
[therelore additions] procedses faodk is required]
3.Agency reluctance (o provide electronic files
a} additional Kability
B digital iranslation Bsues [is ihede datortion )
no single data format
different triangulation algosithms
+  (reraticn count of translations (XML parser peobderms)
t] mindset
4.Ko ROI data {oost Sanvings)

Sa. UTERATURE REVIEW
Collecton of Agency Speciicaticn and History

Caltrans Results/Early Conclusions

S.agency Employes Technological Competenthes

BAgency Emploves information handling capatity

T.Caltrans participates on DIFFERENT LEVELS, depending upon
the project/Agency Resident-Design Dhvisien{decider), nat
mandatory

B.Caltrans wses conventional staking for the agency project
Inspector [nat for contractor use), requires contractor to tie
digitally 1o the conventional stakes.

G Caltrans. ALLOWS on specific projects

Sl UITERATURE REVIEW
Coflecian of Agenoy Segdcatoay and Histony

Caltrans Definition of Suitable Projects for AMG:;
sDesign is based upon a Digital Terrain Maoded {DTM]
sEarthvwork quantities constitute a ‘'major pay item’
=GP environment s good (line of sight o satellifes)

*Required Electronic Files are avallable:
|CafTrans provides to Contractior so IT can build the model]
8) Original survey DTM
b} Alignments and profikes
¢} Cross-sections
d} Contour grades
@] 20 Microstation CAD files

Sadi UITERATURE REVIEW
Collection of Agency Specications and History

« Integration of 3D model, 2D CAD files, slope stake noles
* Interoperability (ImportExport in standardized formats)

* Translation issues identified and resolved
(by software vendors/software applications)

Sl LITERATURE REVIEW
Collection of Agency Specications and History

CalTrans Pilot Project Results:
+Increased speed of eathmoving

« CalTrans Resident Engineer valued having 3D model for
problem solving

« Agency reluctance to share digital information

* Inconsistent documentation of results (MDOT DON'T MAKE
THIS MISTAKE)

5.l LITERATURE REVIEW
Collextion of Apency Sescifications and History

ITran fF IMPLEMENTATION:
1.Management/Organizational Commitment
2.Design Every Project in 3D (3D Model)
3.Model to be included in Bid Package
4. Alter work flow processes during design, bidding, and
construction
S.ldentify at early stage, projects which should NOT use AMG
B.Assign responsibility for digital file maintenance
T.Mutual GPS calibration at start of projects

B.Agree on Project survey control to be used for life of project
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Jeff Hannon, Charles Jahren, and David White

Sl LITERATURE REVIEW
Collection of Apency Speciications and History

Ealtrans 3D Mode| Bid Packages:

+Digital security/fintegrity

sLiability waivers

=Copyright protection

= Accountability for digital file management

[rewvisions, changes, mistakes, alterations, etc.)

Sl LITERATURE REVIEW
Collection of Apency Speciications and History

Caltrans Unresolved:

How to synthesize 30 model, 20 CAD files, slope stake notes??
[information silos)

Sl LITERATURE REVIEW
Collextion of Agency Specificationd and History

Areas to address based upon Caltrans experience;

*Technological
Awareness|Agency/Contractors/Vendors)
*Organizational Functions/Process Work-Flow
“Software Application Tools (3D Design)
*Legal/Mindset: Liability/sharing electronic data
=Quantitative data showing cost savings

=Agency Employee Technological Competencies
=Agency Employee Information handling capacity

LAl UITERATURE REVIEW
Collection of Apency Spscifications and History

2. Mn/DOT History 2001-Present

‘DOT not ready culturally, legally, philesophically for 3D design’
{Barrett, 2007)

2001 POGS Software Project (Bentley GEQOPAK, 3D Modeling)
2003 Pilot Project(s)

2005 Most Districts completed at least one project

2005 Machine Control Special Provision 2011 (Grading Only)
2006 Full implementation state-wide

Sl LITERATURE REVIEW
Collection ol Ageacy Specfications and History

Mn/DOT Machine Contrel Special Provision 2011 (Grading
Only)
Mn DOT: (1) Mandates AMG or (2} Allows AMG use

sMandated AMG
sDefines type of electionis data (ED) provided by agency
sCioniractor assumes responsibdity for imegration of ED with machines
«Defines agency time windows for providing and upgrading ED 0
contractor
«Waives delay liability and pay adjustments due lo inadequate GPS
sagnal recepbion
eSpecifies specific GPS hardware contractor can use (2 vendors, others
by Mn/DOT approvalfinteroperability)
sSpecifies use of Robolic Tolal Stations (RTS)-No GPS in use
«\Waives guarantee of RTS ED ('for information only’)

Allows AMG Use
«Mn/DOT does not share ED

S.a il LITERATURE REVIEW
Collection ol Ageacy Specfications and History

Mn/DOT-The success of 3D Machine Control systems
relies upon several variables, including:

+ The quality of the proposed construction model
= Th ability of the owner o approve and review the design
» The ability of the operator to accuralely apply the design in the field,

Conversely, the tack of tools required to create effective models leads to 30
Machine Control Systems fadwre and design workflow change. (Dillingham,
Jensen, & Schulist, 2007)
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Sl LITERATURE REVIEW
Callection ol Agescy Specfications and History

Two Sections:

Lagency Responsibilities
2.Contractor Responsibilities

S.a il LITERATURE REVIEW
Collection ol Ageacy Specfications and History

1A/DOT D5-01103 Developmental Specification
= 1. AGENCY Responsibilities

samends and takes precedence over Standard Specifications

~Allows AMG

*Plans indicate areas in which (30] edectronic surface models (ESM] are provided by
BEEMY

=Argas of project which are not covered by ESM-contractor may model at no cost (o
agendy

=any hardware allcwed which meets grading spec tolerances

sElectronic Data provided by agency must be integrated by contractor

=Agendy provides initial control/transiation

*ELM prowided in bidding documents

Mo guarantes of agency data compatibility with conlractors data system
=Accuracy Nability walver

S.ail LITERATURE REVIEW
Collection of Ageady lpeificasions aed Hibory

IADOT DS-01103 Developmental Specification
-1, AGENCY Responsibilities (cont)

a. CAD Files:
GEQPAK TIN files representing the design surfaces
GEOPAK GPE file containing all horizontal and vertical alignment information.
GEOPAK documentation file describing all of the chains and profiles.
Microitation primary design file,
MicraStation orods section files.
MicroStation ROW data file,
MicroStation photogrammetry and text files.
b. Machine Contral Surface Model Files:
ASCH format,
Land XML formiat.
Trimble Terramoded format.
c. Alignment Data Files:
ASCI format.
LandXML format,
Trimble Terramoded format.
shgency Engineer can spol check and order re-work

S.a il LITERATURE REVIEW
Collection ol Ageacy Specfications and History

1A/DOT DS-01103 Developmantal Specification -
2. CONTRACTOR Responsibilities

sProvides Engineer with GPS raver + B hours of training in wse

sAssumes liability for all ervors in use of AMG

=Agency liability waiver for errors during data conwersion (between formats,
transitions)

*Daily calibration of equipment

shieetl accuracy and tolerances of the Standard Specilications

*Establishment of secondary contred paints @ 1000 ft intervals or less by closed
lewel loops

sPrederve all contral points

*5iet hubs at hinge points of x-sect MLUE 1000 fi intervals or less

=Grade stakes at other critical points

sWritten Machine Contral Grading Waork Plan at Pre-Construction Conference
=Bid ttem (L5) for GPS Machine Control Grading

S.a il LITERATURE REVIEW
Collection ol Ageacy Specfications and History

4. NYS/DOT ENI-06-007 REVISION TO STANDARD SPECIFICATIONS:

*Sectlon 105-10 (Survey and Stakeout)

«To incorporate survaying parameters and standanrds for quality conbrol of
posioning terrain data, and provide guidance on the appropriate
inerpretation of tarrain data provided in contract documents

eLevels of precision and methods of measurement

«Sharing of contral netwark

sSynchionization of survey procedunes biwn agency & contractor
«0TM Eability of accuracy waiver

S.a il LITERATURE REVIEW
Collection ol Ageacy Specfications and History

NYS/DOT E1-06-007 REVISION TO STANDARD SPECIFICATIONS:

Section 625 [SURVEY OPERATIONS, BOW MARKERS & PERMANENT SURVEY MARKERS [Allows
AMGH]. This specification is revised as follcms

+Ta incorporate the ule of new durvey and Jutomated equipment operaticsd,

*To ripiien ths sharing of electronic engineering data, when availlable, batwesn  the
Contractor and Department.

+ Ty clarify witich i rwy OpaTataans reguing direct oversighn by & lickeed Land Survyor
or Professioral Engineer.

T recpaire the subminaian of a Comract Control Plas at 1he Baginaing of & consiruction
coniract which describes what control will be pointhy used by the Contractor and the
Depantment for the conitrection of the contract, The Cantract Costrel Plan &
intended to documaent which comrol points, datum, conection fectors, and stakeout
mithods will be wsed in the field price to beginning operations.

*To Mlandardite angineering dala processing and farmats 10 promabe thading of that
data between all staleholders.

#Ta mcorpodate the uie of CADD appicationd in the field Tor madeling condtruction
features, determining potential conflicts, and cakulating quantities.
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NCHRP 10-77

S.a il LITERATURE REVIEW
Collection ol Ageacy Specfications and History

NYS/DOT El-06-007 REVISION TO STANDARD SPECIFICATIONS:

Sascthon 625 [SURVEY OPERATIONS, BOW MARKERS & PERMAMENT SURVEY MARKERS [Allows
AMGY). This specification is revided a3 Mol

*Ta require the tharing of electronic engineedng data, when available, between the
Comtractor and Depanment.

"Lirsder this mathed, all horirontal and vertical contrel, alignment comtrol, Existing terrain
data and proposed design data shall be sharedfexchanged electronkcally and kept curnent
batassn the Contracior and the Engirser

A grigingl ptive filies of electronic comtract data shall be maintained and Wored By the
Departeent. Prior to beginning field operations, the Contractor and Engineer shall mutually
determine soceptable uses of and procedisres for the technolagy being used, and how data
can b exchanged for ude in stakecut, automated equigenent aperationd, verdication and
quantity caloulations.

#ll engineering data shall ke stored and shared in Department standard fonmats, and shall be
derived puirmarily fram the anginal electrenic dita peovided by the Department,”

Jeff Hannon, Charles Jahren, and David White
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Participating State DOT Briefings David Jared, GDOT

David Jared and Brett Dening
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David Jared, GDOT

State DOT Briefings

Participating
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Participating State DOT Briefings

David Jared, GDOT

gl G Campanison

WWinatss: N exts

CLAYTON

= COUNTY F-ﬂ" :

* Successfully used
on pilot projects

GPS Grading

Technology
* Two special
= provisions approved

L estionse.
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Brett Dening, NYSDOT
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[
Today's Agenda

+ Creating 3D Model — Geographically Coordinated
Create HA & VA
Create Template
Roadway Designer
Create the 30 Model
Display Features
D Riacharay
+ Exporting Surface to Machine Control
Trimbla TTM

Leica GSI
Topcon TH3
LandXML

[hmes enmws G Emme ey

v B

e
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Dave Dennison, BOMAG

Overview of BOMAG IC Technology Dave Dennison. BOMAG

IC Topics

BOMAG

IC Models

Directed Exciter — Vectoring
Evibe

Scil IC

Documentation

Asphalt IC

Training Simulators

NS, R RN

Dave Dennison - Product Manager
BOMAG AMERICAS - Kewanee, IL

E‘DMHG The 1* BOMAG Compactor EDMHG Our Compaction Tradition

BOMAG BW 60

E‘DMHG North American IC Models

14 Current Models Worldwide
BV 177 DiH-4 BVC
BW 213 DH-4 BVC
BNV 226 DH-4 BVC
BYW 141 AD-t AM
BYWY 151 AD-4 AM
BW 151 AC-4 AW
BYW 154 AD4 AM

. il Bl
= g BW 154 AP-4 AN

BW 213 DH-4 BVC BW 190 AD-4 AM [ BW 170 AP AM

BW 174 AP AM

(asemar\| | 1. oo

hvmm
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Dave Dennison, BOMAG

Overview of BOMAG ICTechnology

Dave Dennison, BOMAG

2009 Line of IC Models
Models Worldwide Koy steps in the development of the BOMAG Technology

1583  First compaction measurement system
for soil compaction | Terrameter BTM 01 )

1556 Compaction Management [ BCM 03 )
Variomatic for asphalt rollers

Variocontrol
Evibe Technology — Measurement for stiffness
Asphalt Manager for Heavy Tandermn Rollers
German DOT (BAST) research project with GPS
European High Speed Rail Projects

Qngoing - IC Studies with State DOT's, NCHRP, and ICPF

What is “intelligence" What is “intelligence"”
“... the ability to adapt its own behavior in
response to varying situations and
requirements”

E‘DMHG Vario Directed Exciter

* High or Low Ampéttisde Chaloes * Patentially Low Efficency
= Pri-dafingd nismber of paides - y = Paladitially Low Effectivenass
Posalibly or Experience ¥+ Cosiractor losss tene asd money
= Mo rsal times nfammation on |oaed beaning = Maturial cam be cruabed
capaciy or progress on achisved stiffness * Roller polentiaily damaged
= Compaction quality compromined

Report of the Workshop on Intelligent Construction for Earthworks

64



Overview of BOMAG IC Technology

Dave Dennison, BOMAG

Variocontrol Benefits

= Dparator Friendly

= Exceptional Compaction Performance
* Increased Dopth Effect

= Thick Lift Compaction

= Wide Range of Adaptability

= Consistent Compaction Quality

* Proof Rolling to identify soft spots
= P.R. to confirm previous work

* Under Compaction is avoided

= Ower Compaction is avoided

* Unnecessary Passes are avoided

* Pre-selected limits can be selected

BOMRAG IC BVC Directed Exciter

R 210 S Covee e M. 6 o Ve Fosiim

BOMRAG  iC BVC Directed Exciter

Fotary exciter Oscillation

Intelligent Compaction

BOMRAG iC BVC Directed Exciter

EDHHG BW 213 DH -4 BVC / BCMOS Components

Display

Accaolorometors
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Dave Dennison, BOMAG

Overview of BOMAG ICTechnology Dave Dennison. BOMAG

BOP Screen

Eyap IMR7]

TERE AR RS

a G

@ -

Elgmring copadity
sink

- v . ' v — e
L] E 3 4 1 1 L] ¥ [ ] L ] W T OIE 13 14 0B
Clnfanca fref

Evibe Principle

s

— —

%|,_H_x e

Comel Gowmd e Chay — i

« Weak spot analysis
* Proof Rolling Capabilities

Evibe Principle Printer
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Dave Dennison, BOMAG

Overview of BOMAG IC Technology Dave Dennison. BOMAG

EDMHG Basic Printed Documentation EDMHG BCMOS5 Documentation
+ Evibe Min and Max O TEETANTIN
* Evibe Average

* Fregquency

* Average Speed

* Track Length

* Temperature

'

4
"
“
-
™
"
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Dave Dennison, BOMAG
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EDM.HG Documented Low Stiffness Area EDMH

_—

BOMRAG  wminnesota Highway Site 2007

~_—

Dave Dennison, BOMAG

Hinois Warehouse Site 2007




Overview of BOMAG IC Technology

EDMHG California — Water Treatment Plant 2006

——

Mexico — Warehouse Site 2008

BW 213 BVC High Speed Rail

10-12 inch Lifts
Cologne — Frankfurt
Germany 2006

Dave Dennison, BOMAG

E_DMHG Mexico — Warehouse Site 2008

BOMRG gw 177 BVC at Manchester GB Ralil

Praal rolling
Improvement of
base compaction on old
rall track section

BOMRAG gw 213 BVC on High Speed Rail Section

| Crushed Rock Sub base
Munich Germany 2008
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Dave Dennison, BOMAG

Overview of BOMAG ICTechnology

Dave Dennison, BOMAG

IC for Asphalt IC for Asphalt

IC for Asphalt

BCMOS Display

- Y| e an e e TR
T — ] BTy e e
ailil] T el et o v £ 30l ~ml e g plad =
Evib { MN/m?) i Documentation of asphalt

surface temparature
and roller position

Documentation of Evib
and roller position

[
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Overview of BOMAG IC Technology

Dave Dennison, BOMAG

BCMOS Display

Asphalt Manager EDMHG Vario Directed Exciter

Vectors

EDMHG Compaction Test on HMA Wear Course

Operator Friendhy

Excaptional Compaction Perfformance
Uniform Compaction

Continuous Feed back to the Operator
Wide Range of Versatility

Proof Rolling to identify soft spots
P.R. to confirm previous work

Ower Compaction is avoided
Unnecessary Passes are avoided
Reduced Shock Loads

WMarai s
—e—Marshaiidichde

EoEEsepEEnegeEs

Nusnber of passes
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Overview of BOMAG ICTechnology

Dave Dennison, BOMAG

Dave Dennison, BOMAG

EDMHG Asphalt Manager Benefits

= | —_— _._:"'".‘._-_‘EH" = F&

Asphalt Manager Bei

‘HYPAC 7
il
\ !

\
| |

Horizontal Vector
Lengitudinal Joints

~ AT e

Colorado State Highway 2008 |==—

Training Simulator
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Overview of BOMAG IC Technology

Dave Dennison, BOMAG
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Connected Worksite Solutions

e et 70, o

AccuGrade™ Grade Control Systems

m Backhos Loaders
& Soil Compactors

& Hydraulic Excavators ﬁ Asphalt Compactors
. Wheed Tracior "ﬁ.-,ph‘lll Pavgrs
Scrapers

i .fi: B carewar

Track-Type Traciors

m Mator Gradirs

Unirrersal Tracking
Syslem (UTS)

It is not just about fine grading

Cab GPS

o s 0

g 1. e Ly Dl i Py
Somp || Bt Eammnsin

T B s B | vl it e
b s [ (o o

AccuGrade™ moving forward...
Increased Increased Reduced
Job Site Jaob Site Job Site Integrating ll;lhnnk:mr inte
Velocity Quality Costs e
& 2om was apphed Poaitior Sacaing Cylingar |PSE) techasiogy
Converticnal: 24:32 houwrs. Conven I W B PHO. e Acculinade  pyidem ik able b pathet
Acculirade: 11:50 hoisrs Conventional ol o Cu el Cplealer kit afnl (et e e Car il
| " weitian of th bucket Hip i resd thmss {7 it
[T R—— i Hegr BN | — ]
. Low m.
‘h Thas &L sinn remowes s Bont bnksges semon fmo
. On Grinde: 45% - AccuGrade Mo iadonal high wei Wrees uch au e bukel
|« X - Brnkage. oed places e salsly inside the buckel
nder for infegration, r
: — AccuGrade 1 I:n,.}l e
Formes Hgh I - =
[Py aln
[ —— v - -
On Grade: 98%
T00% Productivity increase 1005 Qurality im:m:- 43% Fuel Savings
L T —. L .
¥ n-q-._\- ¥ ' n-q-._\-
el Sl 6
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Connected Worksite Solutions

Terry Rasmussen, Caterpillar

Questions
Thank Youl
Temy Rasmussen

W03-194-6321
[ASMILISSEN_1orr el

Product Link
Product uﬁ{:ﬁ hatdm;;:lhgt EFEH&S information fiow
betwesen on- SHHEIT!S
salefide lechnokogy. e =
Ky indicators such as hours and bcation are delivered 1o
spmerntManager on a scheduled basis. Other
alors such a5 d [« and unauthorized usage are

Laamched from the machine by Product Link as they oceur,

Product Link is offered as standard
equipment on many Cal machines,




Dynapac Compaction Analyzer and Optimizer

Gert Hansson, DYNAPAC

sl

Dynapac Compaction Analyzer and
Optimizer

DvYwvaeac

=

Dynapac Compaction Analyzer-Soil (DCA-S), Features

Production, station and offset

Siorage and analysis of compaction meter data

Full-coler 12,1 desplay for cperator guidance

= Puositioning
= Rulatvn

= Abschie [GNSS) (Sub-mater 0 dm acowracy avalabls|
- Wl facence bng or arffect

= Any local grid available

= Adjustable resoluSon

Calibiaticn madule nclude
Full pnnlyss capadadty ingl THT-He aupon

-

s POF of papar print-ouls
= Oiffice and rofler vamnsions. Both include ssmulator mode

=

DVYwvaeac

=

i ¥ EE 6 B HFQUFNE

R

WEURSRR NIRRT TN

Prnt-out

Analysis Dynapac Compaction Optimizer (DCO)
— i e -
- Bt b
Ty
-

= Monitors the ground stiffness and adusts the ampltude accordingly
DVYvaeac
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Gert Hansson, DYNAPAC
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Gert Hansson, DYNAPAC

Dynapac Compaction Analyzer and Optimizer Gert Hansson, DYNAPAC

Dynapac Compaction Optimizer-Features Eccentrica

» (-2 mm (0.0797) amplitude
* Six manual steps or automatic, slepless adjusimeant

* Fully compatible with DCA s Full amplitude

4

= Zero Amplitude

n_mﬂm

=1

[T E -

Dynapac Compaclion Analyzer-Asphalt (DCA-A) Production mode-Roller screen

= Fegister the number of passes (slatichibratony)
= Measure and register the surface lempaerature (calculate core iemperanne. )

= Graphic deaplay of the temperaiune and the number of pasaas
{real time in the noler)

= Documentation of the compaction process
= Background maberial for the quakity analyss

= Suppont for continucas improvemaents of the paving process, rolling patterms:
and ewerall compaction resulis

NI A NN RRRRER N

T
"

Dvwvaerac DVYwvaeac

Pt e o s =

Workilow Ebmplﬂf_.pgﬂf Benefits
Anatysss (offica) Jab sile preparation (ofice)
Transler from Comploggers <Diecide on documentabion selup
-Prin results -Sire of workirg areas
“Create POF's -Compacton larget = Hand hald, batbery powered system
<Export text files Transfar to Complogger
Save in compaction 3 = Wirpless communication
EChitve

= Common inlertace with high-spec DCA
= Cosl efficient CCC
= Huge leap from the compelition in funciionality and siorage capacity,

= Full analysis and prind function (B or Colour)

Report of the Workshop on Intelligent Construction for Earthworks

Production = Less than a free minute installation on any prepped roller.
-Collact compachon
Cuata
\fimw graph ar a
surface plod i L
Dvwvacac Dvwvaerac
bt e e Pt o ot Lo
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Intelligent Compaction for Soils and Asphalt

Intelligent Compaction
for Soils and Asphalt

Stan Rakowski

Saknl Amoreea, Ing

IC Measures Engineering Properties
changing from

Density ———— Modulus
Density

«Mass [ Volume

«Proctor Test

Mechanistic Testing Equipment

CCV Sensor

Stiffness /Modulus h

Stan Rakowski, Sakai

Instrumented Rollers

New Tool for
assessing compaction
quality.

It works !

Data speaks for: itself!

Compaction Control Value

L=

Frequency (M)
Soft  eoe—on] Coodiien a——— Hrd

ia
-.m
[~
—
Frequescy (Hz)

s in Amplitede Spectrum and Condifion of ground

Y b i ey
£ 2 B B

Saabbasr

0V i Sabibasr
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Stan Rakowski, Sakai




w
(o)}
=
o
=]
©
-
=
(]
0
(]
=
o

=
©
<=
[e%
7]
<<
o
<
©
X
°
(2]
e
i)
c
e
=1
v
©
Q
=
(o}
O
-
<
(]
2
]
=
=

Stan Rakowski, Sakai
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Intelligent Compaction for Soils and Asphalt

Stan Rakowski, Sakai

Density w/Nuclear Gauge & CCV

Dry density itm")

| CCV b Sen A - CVescE

'Q' Wiy dwmsaity b Sew, & <= Digy demslty bs Sev B
i

7 w iz s ]

Mo, of Roeller Passes

Deflection by FWD and CCV

] i
DeMection (mm )

Number of Roller Passes
during Breakdown Rolling

NERP s not umiform

Shoubder (Suppoed)

s O

@ 5B [ High moisture section
& 1.7 I.E [ K] ) 1
Dry density (Vm*)

Sakai first IC Trials

st application for Hot Mix Asphalt
Califerna - June 2006

Number of Roller Passes
during Finish Rolling

NERP s not umiform

Longitudinal Fodng
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Stan Rakowski, Sakai

Intelligent Compaction for Soils and Asphalt

Stan Rakowski, Sakai

Compaction Information
IC Demos System (CIS)

California, Florida, G
IPE Brojects: Minnesot:
NCHRP: Maryland, Flarida, N Carolina

Software

Input - Mapping | /4 ODutpot - _
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Stan Rakowski, Sakai

Intelligent Compaction for Soils and Asphalt

Stan Rakowski, Sakai
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How mesh data Is recorded

What Mesh Size?
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Intelligent Compaction for Soils and Asphalt

Stan Rakowski, Sakai

Data Analysis
u : 5 CAD or Standalone Examples

' m mmixis [oH5ie

Minmne

R

|Ilr. -_L ¥ T o - I [
f A _ I une

Kandiyohi

IC roller:maps subbase i Rt 4
Subbase layer

s

Report of the Workshop on Intelligent Construction for Earthworks

83

Stan Rakowski, Sakai




w
(o)}
=
o
=]
©
-
=
(]
0
(]
=
o

=
©
<=
[e%
7]
<<
o
<
©
X
°
(2]
e
i)
c
e
=1
v
©
Q
=
(o}
O
-
<
(]
2
]
=
=

Stan Rakowski, Sakai

Intelligent Compaction for Soils and Asphalt Stan Rakowski, Sakai

Pirms 17 L ammuemt o of ELY nst-vearmn svni s len s avbe o levss mar:

\What we've seen so far?

|G e im ( i procedures
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Intelligent Compaction for Soils and Asphalt

Factors affecting CCV

ol seild cohesive, qranular
Lire content
NUm agoreqate siee
of underlying layer
mplitide
and travel direction

Stan Rakowski, Sakai

The Data
Speaks For ltself !
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Kelly Miller, Trimble

Project Planning Using: GIS, GPS and RFID

Kelly Miller, Trimble

e P

XYZ Solutions

Real-time Decision Support and Visualization (AR)
Installation of X¥Z software on all sites that have vehicle

e - operations. Connection to live positioning dala.
I'F'bTrlmhiE Training via Simulation
- b . Use of X¥Z scenes, ADM modules and Physics
P r{}JEL‘.t Plannin g Usi ng - Simulations to train machine operators

GIS, GPS and RFID Pre-Mission Planning

Using XYZ scenes and ADM modules to test sequancing
and spatial problems.

s &gy 0 Bimbe| s A . Simke
Asset Management is a subset of a larger set of
positioning workflows.

Prospective Client Quote

“Don’t tell me how technology is going to make
me money. | need tools that are going to
help with cost avoidance!”

Connecting workflows drives new business productivity opportunities

e ——— S lrimble ___ @Trimble

Customers Operate Mixed Fleets Trimble Response

manage my mhi: E?;aﬂ?qf?:r::‘q'mmg?" ekt "Mixed fieet” has two dimensions:

Mot just machines - but the trucks, compressors, generatorns that
make up the site to enable true operational asset management

Brand agnostie — every customer has & mixed fleet of brands and they
hawve a desine to usa just one application for assat managemeant

Report of the Workshop on Intelligent Construction for Earthworks
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Kelly Miller, Trimble
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Project Planning Using: GIS, GPS and RFID

Kelly Miller, Trimble

i |
e ? R

Trimble Connected Community aggregates
waorkflows and connects user communities.

i |
e R

Trimble Connected Community aggregates workflows and
connects user communities.

Remote Control | Diagnostics

e

Site

Centralized

O
. T
e Cycie o fhe Ptiainee S

Benefits of Connecting Your
Community

A web based service for centralizing
information sharing and communication
A central location for file storage,
management and version control

A controlled means of communicating
requests for information, site remedial
actions, and equipment management with
internal and external community members




Project Planning Using: GIS, GPS and RFID

Kelly Miller, Trimble

- A T

GPS Information / 3D Site Viewer

Live Demonstration

- S S T

What is Your Community

Internal Community
Locators (In-house & Contract)
Damage Pravention Departments
External Community
One Call Center
Department's of Transportation
Municipalities

e P

Questions

Kelly Miller
kmiller@xyzsolutions.com
TT0.772.3570 (office)
404.630.5126 (cell)
www.xyzsolutions.com
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Kelly Miller, Trimble
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Jeroen Snoeck, Trimble

Trimble, Construction Technology and Compaction Control Systems Jeroen Snoeck, Trimble

s g 0 Srimble

index

Trimble and the Connected Site Initiative

Trimble Compaction Control and how it
differs

How we let those stimulus funds go further

Trimble, Construction Technology and
Compaction Control Systems

Jeroen Snoeck
April, 2009

S SRS 0 0 Srimble

Introduction

Jeroen Snoeck
Dutch, living in Colorado

Construction work experience: 16 years with
Caterpillar and Trimble in Europe and Morth
Amaerica

Mow: Segment Manager for Paving with Trimble
Company Overview

= IE— i T

— 2 bwmbe) [ S FUEES 000090 0 ETrimble
ny with 1.2b$ in Trimble: Transforming work through
technology

- R
A Global Compa
revenues
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Trimble, Construction Technology and Compaction Control Systems Jeroen Snoeck, Trimble

Trimble Connected Construction Site

Full suite of solutions for the heavy and highway
contractor

Objective s To Enable Significant Shared Data Within The Connected Site

e P

Trimble Compaction Control Systems

Measures soil stiffness as an indication f.«_,‘_/
of soil compaction = e
2Tl =
'F‘TrlmhIE Displays compaction measurements, r‘?"@ =
pass counts, provides guidance to the ™~ i""%.-,,
operator = N
Trimble Compaction Control Systems Maps and records compaction data /‘

Trimble CCS900 — how it differs

Combining accuracy with on-board designs
Real-time, on-machine as-built surface generation
Cutffill mapping

QaiQe: Immediate rework where design grade has not been
met

Guidance to alignments

But how does it differ? Delhotioh And infaticn & SOILADaS
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Jeroen Snoeck, Trimble
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Trimble, Construction Technology and Compaction Control Systems

Trlml:lle CCSQIJB How it dlﬂers

Office Software
m

Connect wirelessly
For analysis of data

Archival of data
For warranty
documantation
Evidence of good
practice

Jeroen Snoeck, Trimble

Trlmble CCSQIJIJ Hnw it dlffers

Common Trimble Components I i

Trlmhle CCSEUD Hnw it diﬂ‘ers
Portability
GCS and CC5 systems transferred betwesn machines

Lowers cost of entry
Increases return on Investmaent

Trimble CCS900 - How it differs

After market installation
Any compactor from any manufacturer
Used and new machine

Open cabs and enclosed cab
System designed for harsh construction environments

Trlmhle CCSEII]I} : How it d:fl‘ers
Trimble Connected Construction Site

Trimble CCS900 - how it differs

Expertise

Many compaction solutions struggle with:
Rugged, daylight readable displays, computers
Site setup for RTK GPS, radio communications
Local coordinate systems
Design data (importing, preparation, management, display)
Office software solutions

All are Trimble core competencies!




Trimble, Construction Technology and Compaction Control Systems

Where we make a difference

Combining accuracy with on-board designs
Trimble Office Software - Compaction Module
Common Trimble Components: Portability
After market installation

Trimble Connected Construction Site
Expertise

_ ®Trimble

Let’s take a step back
+ Challenging economic times

Stimulus funds for construction ~$40-
60 Billion
Funded by us, the taxpayer

- How can we spend this money in a
more efficient way?
Technology can help cut DOT and
Contractor cost and increase product

quality

@ Trimble

Let's take a step back

Jeroen Snoeck, Trimble

. 1
Potential Value of Technology for
States and Counties

i in machine time; 40+% reduction in fuel, 10%

reduction in materiais

Speed: Finish 20-30% faster, reduced traffic and envirenmental
mpac

Environmental impact: Up to 45% less fuel utilization on the
;ﬁmm-maﬂ trucking mﬁucuon. less impact on existing road

End Product quality: More accurate and durable construction
anks o rmation

3 i out of trenches, from machines,
avo wdmw“g:::r' - e e

. S am . 0 primble

The Technology is Mature

The technology we are talking about has
matured well beyond the initial experimental
stage at which it was a decade ago and is
really becoming mainstream

Stories: hitp:/lwww.trimble-productivity.com/

Trimble broad technology range, expertise
and system portability provide a unique
offering in the compaction arena

The GPS and 3D technologies are tried and
tested and should be considered to cost
construction costs and increase road quality

[V
[s)
c
o
=
©
]
c
(]
wv
]
2
a

1%]
£
(5
g
d
>
wv
o
o
=
[
o
|V
e
9
=
1Y)
©
Q
£
o
(V)
©
f
©
Py
{*)]
e}
[]
fe
=
3
(=
e
9
=
1Y)
=
2
=
wv
c
o
(V]
9
0
g
=

Report of the Workshop on Intelligent Construction for Earthworks

93

Jeroen Snoeck, Trimble




Jeroen Snoeck, Trimble

Questions?

ble

& Tr

Trimble, Construction Technology and Compaction Control Systems
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Facilitator Report - Discussion

Tom Cackler, Ed Engle, Heath Gieselman, John Hannon,

Charles Jahren, Pavana Vennapusa, David White, Paul Wiegand, Caleb Douglas

IVERSITY

ntal Engineering

[Llh't'-ul ATEU

2009 Working sion Topic Are

Facilitator Report - Discussion

Intelligent Construction for Earthworks
West Des Molnes, lowa
April 14-16, 2009

FailitatoryRecorders: £, Tom Cackler, Ed Engle, Heath Gieselman,
John J, Hannen, Charles lahnen, Pavana Vennapusa,
Dvsicd White, Pasl Wisgamd, Caleb Dowglas

EERC

Dream it, l:H'!‘-'-IE'I'I it, Build it.

Topic #1 - Intelligent Compaction for Soils,
Aggregate, and HMA — Review and Discuss the

IC Roadmap and Develop Strategic Actions
Plans

Breakout

Session Discussion

* Topic #1 = Intelligent Compaction for Soils,
Aggregate, and HMA — Review and Discuss the IC
Roadmap and Develop Strategic Actions Plans

* Topic #2 —Amﬂ.&um&%&- Discuss
existing knowledge gaps? Equipment/software

advancement needs? Educational/training needs?
Specifications/standards?

dns:uss nutlme or IC develoent specification and
performance-based specifications for
geotechnical/earthworks.

Session Discussion

1kout

1. Intelligent Compaction Research Database
~  Standardize storage and documentation
= Database components: Design, construction, and long-term
performance
= [Establish a public domain for data access
2. Intelligent Compaction and In-5itu Correlation Studies
= Corelation studies on HMA and WA
= Relationships with density and stiffness (which is appropriate?)
= Correlations with different in-situ test devices with different
maching operation settings
—  Rapid determination of IC target values
3. Project Scale Demonstration Case Histories
= Capture barriers to address during implementation
= Compare IC results with conventional operations

Breakout Session Discussion

4. Intelligent Compaction Specifications
= Data commumnication between contractor and owner
= Reporting problematic aneas.
= Standardived data format
= Differentiate owner (e.g. 04) and contractor (e.g. QC) responsibalities
= Separate specifications for Soils/Aggregate and HMA
= Recommendations on roller operating parameters
= Acoeptance reguirements (e g, non-uniformity) depending on the
compaction layer depth below the surface layer
= Calibration standards for machines using Independent measurements
= Repeatability and accuracy of GPS and machine values
= Ingentive based pay factors to contractor
= Consistency In measurement cutput units
= Wdentify the state-of-the practice

5. Educational [Certification Program
= Contractor and agency certification/Training/Troubleshoating
6. Understanding Roller Measurement Influence Depth
= Effect of different material types, geotextiles, cobbles, water table,
foreign objects, utilities
7. IC technology Advancements and Innovations
8. In-situ Testing Advancements and Mechanistic based QC/QA
= Rapid test procedures/device to replicate roller kading
= Define mechanistic paramaters bo be used for QA

= (Critical engineering properties relathie to the location of testing in an
embankment
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Facilitator Report - Discussion

Tom Cackler, Ed Engle, Heath Gieselman, John Hannon,

Charles Jahren, Pavana Vennapusa, David White, Paul Wiegand, Caleb Douglas

Breakout Session Discussion

9. Data Management and Analysis
~ Explore wireless data transfer capabilities
— Explore eifective ways for data storage
— Continued research on geostatistical analysis for uniformity
= Dplions for simple W robust analysis
= What type of data resolution needed?
~ Criteria for data filtering
~ Extent of detail in the data o be retained

10. Understanding Impact of Non-Uniformity on Performance
= How do you define uniformity? [varlance, coeffickent of varlation)
= ‘What bs acceptable and what Is not?
= ‘What is the critical area in embankment where it should be uniform?
= Effect of wertical and spatial non-uniformity on performance

1 ——
Topic #2 = Automated Machine Guidance = Discuss
existing knowledge gaps? Equipment/software

advancement needs? Educational/training needs?
Specifications/standards?

Education/Training

Prioritized IC Road Map Elements

1. IC Specifications (41)

2. ICand In-Situ Correlation Studies (25)

3. In-Situ Testing Advancements and Mechanistic Based
ac/oa (20

4. Understanding Impact of Non-Uniformity on

Performance (16)

Data Management and Analysis (16)

Project Scale Demonstration Case Histories (13)

Understanding the Measurement Influence Depth(13)

IC Technology Advancements and Innovations (9)

. IC Research Database (8)

10. Educational/Certification Program (8)

|

@~

Knowledge Gaps and Deficiencies

1. Lack of documented experience and champions
(17)

2. Transition 2D to 3D design practice (11)

3. File compatibility issues (7)

4. Limited desire to move toward pavement AMG
(stringline is “safe") (B)

5. Surface information and design changes should be
left in the hand of the designer, not modified by the
contractor (2)

6. Currently the paper document is the legal
document, design files are often under a disclaimer

for inaccuracy (2)
I —

Specification/Standard

1. Initial training + experience + follow-up training (10)

2. Future conferences/workshops/web-based training
(7

3. Certification (2)

4. Use of intelligent design tools will increase
efficiencies (2)

1. Acceptable tolerances linked to construction
elements (rough grade, finish grade, paving, etc)(9)

2. Specification inclusive of various technologies (Laser,
GP5, Total Station) (3)

3. Object referencing (e.g., top of curb vs. gutter flow
line?} (1)

4. Design surface file size limitations (computer,
software and AMG machine limits) (1)

5. When will the best utilization of resources be
obtained using AMG and 3D design? (1)

6. When are specification and design files available to
contractor? (1)

7. Solicit wide ranging review/feedback (1)
1 ——




o
=
c
o
=}
©
8
<
1]
v
1]
L
a

c
o
w
w
=
O
g
(a]
o
e
o
o
)
o
P
¢
g
]
£
3
w

Facilitator Report - Discussion

Tom Cackler, Ed Engle, Heath Gieselman, John Hannon,
Charles Jahren, Pavana Vennapusa, David White, Paul Wiegand, Caleb Douglas

Topic #3 = Intelligent Compaction Specifications and
Performance-Based Specifications — Review and discuss
outline for IC development specification and
performance-based specifications for
geotechnical/earthworks.

ions Review

Specification Opt

+ Option 1: Roller based QC with pre-selected MV-TVs

+ Option 2: 1IC-MV maps to target locations for QA
point measurements

+ Option 3: MV-TVs from compaction curves to target
locations for QA point measurements

* Option 4: Calibration of IC-MVs to QA paint
measurements

+ Option 5: Performance based QA specification with
incentive based payment

Identified Challenge

+ Calibration of IC outputs to .7

+ Data filtering for acceptance?

+ Compatibility of different systems ?

+ Existing specifications are technology specific

* Will never be able to keep up with a “technology
spec”, need to shift the technology to the contractor

+ DOT's need to agree upon what end result
properties they want to measure = "gold standard”

* 5oils and asphalt will need separate specs.
= 1C use for QA requires FHWA verification
+ What is the IC tool for the state agency?

* Develop a specification that is not technology
specific

+ Define what DOT's want to measure and
format of the data

ey Attributes of IC Specification

1. Descriptions of the rollers and configurations, GPS (acouracy], other position
technology?

2. Guidel for roller oo (ipeed, viliration freq) y, vibration amplitede,

and track overlap) (normakration],
3. Recordsto be reported [tirse of meadurement, roller operationd\mode, soil
m. METUNE CORtenT, layer thickness, ot IWH Wlﬂl‘" pontabl, Fow
n? real-time viewing?, anti-data manipu }, rodler
operatar i)
Repaatability snd reproducibility measurements for IC measunement values |IC-
BAV],

5 Ground conditions | 55, sedtfwat spots/high GWT,
ﬂrl.l'l.lnﬂnfmrhki

B Calibration procedures for rollers and selection of calibration sneas (variable
sails), [independent nufmmmﬂ,uempﬁml

7. Simple Beear regression anabyis [ al anak dations 7] batween IC-
BV and point 15 [ L1 £} [sttfress),

8 Mumber and location of quality control [QC - wh:tmu"h'wﬁ,m]‘hrld
quality assurance Q- what testingfindependen

% Operator training, and jcertification]

o Bulwlpﬂnurtﬂnm

Key Discussion Points

* Stiffness may be a good alternative to traditional density
measurements

IC for HMA = primarily a OC tool

Meed guidance on linking values to location/depths in fill
Using IC data should lead to better quality

Traditional methods rely heavily on the experience of the
inspector

Need certification/calibration of roller and operator
Moisture content is critical

What electronic output file will be required ?

When will acceptance occur, especially on bigger project
How to define acceptance so IC requirements are realistic
« Pavement roughness/FPWD test protocols

L R

® & B ®

Report of the Workshop on Intelligent Construction for Earthworks

97

S
[J]
o
Ny
©
K]
wv
K]
=
©
<
(V)
S
[e]
c
C
©
T
c
<
[
S
S
©
=
[
wv
K]
V)
{=
-
©
(]
I
a
(o))
C
w
nel
w
[
K]
3
1)
©
o
§
|_

Pavana Vennapusa, David White, Paul Wiegand, Caleb Douglas
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Facilitator Report - Discussion

Tom Cackler, Ed Engle, Heath Gieselman, John Hannon,
Charles Jahren, Pavana Vennapusa, David White, Paul Wiegand, Caleb Douglas

* Education — ldentify benefits

* Technology transfer involving manufacturers,
contractors, and state DOTs

Pavana Vennapusa, David White, Paul Wiegand, Caleb Douglas

= High quality DVD AC‘tiDI’I |tem5

+ Develop standalone tools/software for
inspector
« Develop consensus approach for specification

I ——

+ 6 Case Histories [Tech Briefs) + AASHTO Technology Implementation Group
= 6 Webinars — Proposals submitted annually
» Specifications Technical Working Group (TWG) = Involve many state DOTs

+ EERC Website

+ Explore NHI Course

* Research Gaps
— Develop Problem Statements
- ldentify Key Research Partners
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State DOT Briefings

In a one-hour session on day 1, state DOT representatives from WI, KY, MI, VA, NY, SD,

IL, MO, MS, KS, TX, GA, LA, and WA provided a brief summary of their current state of
practice and research involvement relating to AMG, IC, and in situ QA/QC. Excerpts from
this session are as follows:

Wisconsin Department of Transportation (WisDOT)

* Recently started implementing AMG on earthwork projects using special provisions to
contracts. WisDOT provides a Microstation model to the contractor, and then contractor
develops a 3D model and cross-checks with WisDOT before using it on the project.
WisDOT does periodic spot-checking.

* A new IC research project started in coordination with ARA, Inc., and University of
Wisconsin. Project scope includes investigating three types of soil, aggregate, and asphalt
materials using three types of IC rollers. Project starts during summer 2009.

Kentucky Transportation Cabinet (KYTC)

* Have been allowing AMG on earthworks the past several years and is included in current
specifications. KYTC performs QA using periodic conventional spot-checking. KYTC
gives the contractor a Microstation file and contractor generates 3D model. Currently, five
contractors in the state use AMG on earthwork projects. Six of twelve districts in the state
now have GPS/Total Station equipment for spot-checking.

* Collaborating with University of Kentucky to figure out how to implement IC for
Kentucky soils. Soils are variable from large rock/boulder fill to cohesive soils. Have been
trying LWD on cohesive soil projects. Limitedly used DCP on cohesive soil projects.
Interested in moving away from nuclear gauge testing.

Michigan Department of Transportation (MDOT)
* Not done anything yet on IC.

* Interested in using alternative QA/QC methods to nuclear gauge testing. No research was
performed on this aspect yet.

* Two projects were conducted using AMG in 1997 and 1998.

Virginia Department of Transportation (VDOT)
* Not done anything yet with IC on soils. Conducted couple of research projects on HMA

using IC, however results were inconclusive.

* Certainly interested and willing to pursue to better understand IC equipment and to
understand what the output numbers mean. Interested in correlations with non-nuclear

methods for QA.

* Information from IC rollers such as location of roller and number of passes is very helpful
to document. Need to understand/study more to use stiffness measurements from roller.

State DOT Briefings

Report of the Workshop on Intelligent Construction for Earthworks

29



State DOT Briefings

Report of the Workshop on Intelligent Construction for Earthworks

100

New York State Department of Transportation (NYSDOT)

* Participant of FHWA IC pooled fund study. A demonstration project is scheduled for this
summer on US 219 in Springville, NY. Project involves testing on granular subgrade and
subbase materials using Bomag and Caterpillar single smooth drum IC rollers.

* Recently started investigating the use of Zorn L\WD, TransTech’s Soil Density Gauge (non-
nuclear), and Electronic Density Gauge devices for QA/QC.

* Use of AMG is contractor driven. No requirement by NYSDOT. No new specifications
planned yet.

South Dakota Department of Transportation (SD DOT)

* Not done anything yet on IC. Interested in pursuing research with granular embankment
materials and granular fill with MSE walls.

* Tried using Soil Stiffness Gauge — results were inconclusive as the soils were too coarse.

* Concern — half of the state is covered with highly expansive soils with need of high
moisture contents (close to optimum) during compaction. Will stiffness be good enough to
check quality?

lllinois Department of Transportation (IDOT)

* AMG has been likely used recently on some earthwork projects.

* Currently use nuclear gauge for QA/QC on soils and HMA. Interested in more research
with IC. Currently, no demand in state to eliminate nuclear gauges. Also use DCP for
subgrades and foundations and static cone penetrometer in problematic subgrades.

Missouri Department of Transportation (MoDOT)
* No projects with AMG.

* Will be using IC on HMA this summer. Willing to move away from using nuclear gauges.
Limitedly used DCP. Did a research project with ISU (Dr. Chris Williams) on permeability
testing on HMA instead of nuclear density testing.

Mississippi Department of Transportation (MDOT)

* Participant of FHWA IC pooled fund study. A project in southeast Mississippi with
cement-stabilized soils has been identified for IC demonstration project.

* Contractor and state DOT personnel quite interested in understanding more about IC.

Kansas Department of Transportation (KDOT)

* Participant of FHWA IC pooled fund study. Did a project last August as part of the pooled
fund study. Waiting to see research results before pushing for implementation.

* No push on AMG yet.



Texas Department of Transportation (TxDOT)
* FHWA IC pooled fund participant—did a project last year. Results are encouraging.

* Planned another project for August 2009 on soil and base materials. At this stage, IC will
not be used for QA but will be used for QC. Waiting for example specifications from other

states.

Georgia Department of Transportation (GDOT)

¢ All the IC work has been only on HMA. Conducted two demo projects in spring 2008
using Sakai and Bomag IC rollers on HMA. Contractors on the projects were very
interested in trying the new technology. The projects were several miles long, so had to
move base stations time to time to get readings. Nuclear density gauge and density cores
were taken for comparison at random locations. Correlations between density and IC
stiffness values on one project were not good while on other project were good. Roller
pass coverage information was helpful—results showed that contractor did not achieve
consistent roller pattern.

* FHWA pooled fund study participant. A demo project is planned on a parking lot as part
of the pooled fund study—will map stiffness of base before paving to compare results with
HMA layer stiffness.

* Willing to learn more about IC on soils.

* Successfully implemented AMG on two pilot projects. These projects were initiated on
contractor’s request. Developed special provisions to allow for AMG.

Louisiana Department of Transportation and Development (LA DOTD)

* No studies on IC yet.

* Interested in using IC to address QC issues on soils and HMA. Having questions about
which methods are best for QA, how can moisture be measured by rollers in soils, and how
does the electronics in the machines work.

Washington State Department of Transportation (WSDOT)
* Not done anything on IC yet.

* Currently use nuclear gauges for HMA and soils. Tried some electrical density gauges—not
certain on its benefits yet.

e AMG—not certain on its use in the state.

lowa Department of Transportation (lowa DOT)

* Developing an IC research project in collaboration with ISU. Looking at three
construction projects this year with limited testing and will be conducting more rigorous
testing next year.

State DOT Briefings
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Breakout Sessions

On day 2, six breakout sessions were conducted covering three topic areas listed below. Each
topic area had a morning and an afternoon session. A sign-up sheet was provided on day 1 to
target about 20 participants per each group session. Each group had a facilitator and a recorder.
The brief agenda used for discussion in the breakout sessions is provided under each topic.

* Topic #1: Intelligent Compaction for Soils, Aggregate, and HMA—Review and Discuss
the IC Roadmap and Develop Strategic Actions Plans

o

Review the road map/top 10 technology and research need identified in the 2008
workshop report.

Discuss and debate each topic area.

Develop an updated road map and rank the topic areas using participant voting.
Identify action plans, leadership roles, and potential funding needed to move forward on
each topic.

Develop a schedule on the duration of the proposed action plan.

* Topic #2: Automated Machine Guidance—Discuss existing knowledge gaps?
Equipment/software advancement needs? Educational/training needs? Specifications/
standards?

Develop a framework to move AMG technology forward into the mainstream of
highway construction. Review the Iowa DOT developmental specifications as an
example.

Identify constraints and strategies for moving forward in the following areas:
What are the knowledge gaps?

What equipment advancements are needed?

What education/technology transfer needs exist?
What standards/specifications guidelines need to be developed?

Topic #3: Intelligent Compaction Specifications and Performance-Based Specifications—

Review and discuss outline for IC development specification and performance-based

specifications for geotechnical/earthworks

o

o

Briefly review the ISSMGE and Mn/DOT specifications.

Discuss and debate the developmental specification options.

Identify performance parameters that could be used to evaluate or predict the
performance of embankments and pavement foundations.

Identify a quantitative measurement strategy for each performance parameter,
considering in situ testing, performance monitoring, statistical sampling plans,
documentation, and similar requirements (existing versus emerging).

Identify any perceived gaps in the measurement strategy (e.g., limitations in existing
measurement or monitoring technology, verification procedures, or the ability of the
performance parameters and measures to predict behavior).

Assess how the roles and responsibilities of the agency and contractor could change.
Consider: geotechnical investigations, utility identification and relocation, design
solution (e.g., selection of the appropriate solution and the design of that solution),



permitting requirements (e.g., disposal of spoils), quality assurance activities (e.g.,
development of QA/QC and verification plans, sampling and testing, monitoring,
documentation), and remediation strategy and implementation (if specified performance
is not achieved)

Identify risks associated with developing a performance specification for embankment
construction and pavement foundations. Risk issues could be related to site
investigation, design, measurements, testing reliability/accuracy, etc.

In each breakout session, after identifying list of topics to debate, the list was prioritized
through discussion and voting. The following is a summary of findings of each group. For some
sessions, (#) indicates number of votes given to a topic for prioritization.

Intelligent Compaction for Soils, Aggregate, and HMA 1
— Paul Weigand (Facilitator), Pavana Vennapusa (Recorder)

Prioritized Ranking of 2008 Workshop Road Map Topic Areas

1.

A RO N

Intelligent Compaction Specifications/Guidance (22)

Intelligent Compaction and In Situ Correlations (18)

In Situ Testing Advancements and New Mechanistic-Based QC/QA (13)
Data Management and Analysis (12)

Project Scale Demonstration and Case Histories (12)

Understanding Roller Measurement Influence Depth (9)

Understanding Impact of Non-Uniformity of Performance (9)
Intelligent Compaction Technology Advancements and Innovations (8)

Intelligent Compaction Research Database (6)

10. Education Program/Certification Program (4)

Proposed Action Plans/Schedule/Responsibilities

1.

2.

Intelligent Compaction and In Situ Correlation Studies
a. Action Plans:
i. Determine the sensitivity to soil type
ii. Correlation studies on HMA (full-depth and composite) and WMA
Intelligent Compaction Specifications
a. Action Plans:
i.  Make policy decisions for acceptance
ii. Suggest using IC for QC
iii. Make separate specifications for soils/aggregate and HMA
iv. Recommendations on roller operating parameters

v.  Specify acceptance requirements (e.g., non-uniformity) depending on the
compaction layer depth below the surface layer.
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3.

b.

vi. Understanding influence depth will impact acceptance requirements
vii. Include elevation and coverage information as part of documentation
viii. Determine what is necessary for IC to qualify for QA

ix. Frequency of data reporting

x. Reporting problematic areas promptly

xi. Data format for reporting

xii. Differentiate responsibilities of owner and contractor in terms of who’s collecting
and interpreting data

xiii. Option to have a tiered approach by using IC as part of QC and independent
QA by owner

Schedule and Responsibilities:
i. Pooled fund studies

In Situ Testing Advancements and Mechanistic-Based QC/QA

a.

Action Plans:
i. Defining mechanistic parameters to be used for QA
ii. Calibration test strips during construction

iii. New test equipment

4. Data Management and Analysis

a.

Action Plans:

i. Explore wireless data transfer capabilities

ii. Explore effective ways for data storage

iii. Continued research on geostatistical analysis

iv. Tools separately for simple (relative easy to use for inspectors) and robust analysis

Intelligent Compaction for Soils, Aggregate, and HMA 2
— Ed Engle (Facilitator), Pavana Vennapusa (Recorder)

Prioritized Ranking of 2008 Workshop Road Map Topic Areas

1.

o 2 N NN e

Intelligent Compaction Specifications/Guidance (19)

Intelligent Compaction and In Situ Correlations (7)
In Situ Testing Advancements and New Mechanistic-Based QC/QA (7)

Understanding Impact of Non-Uniformity of Performance (7)

Data Management and Analysis (4)

Understanding Roller Measurement Influence Depth (4)

Education Program/Certification Program (4)

Intelligent Compaction Research Database (2)

Project Scale Demonstration and Case Histories (1)

10. Intelligent Compaction Technology Advancements and Innovations (1)



Proposed Action Plans/Schedule/Responsibilities
* Intelligent Compaction Research Database

° Action Items:
— Identify important elements of a database (design, construction, and long-term
performance)
— Standardize database formats
— Establish a public domain for data access

* Intelligent Compaction and In Situ Correlation Studies

° Action Items:

Study effect of moisture content

Develop relationships with density and stiffness (which is appropriate?)

Develop correlations with different portable spot test devices with different machine

operation parameters
Explore alternate ways of determining target values in a rapid way
Research into effects of static vs. dynamic tests on correlations

o Schedule and Responsibilities:
— 30-month research study
— FHWA and Iowa State University

* Intelligent Compaction Specifications/Guidance

o Action Items:
Develop universal/national calibration standards for machines using independent

measurements
Repeatability and accuracy of GPS and machine values

Incentive-based pay factors to contractor

Consistency in measurement output units
Identify the state of the practice
Guidance on how to use the tools

o Schedule and Responsibilities:
— Pooled fund study

* Educational Program/Certification Program

o Action [tems:
— Develop contractor and agency personnel certification and training program
— Educate on what elements can lead misleading data?

o Schedule and Responsibilities:
— Industry/agency

* Understanding Roller Measurement Influence Depth

° Action Items:
— Evaluate the measurement influence depth for different material types and layering
conditions
— How geotextiles/fabric/isolated areas of cobbles/water table/foreign objects/utilities in

the foundation layers affect the roller values
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o Schedule and Responsibilities:
— Who expertise in instrumentation in soils
— 18 to 24 months

* In Situ Testing Advancements and Mechanistic-Based QC/QA

° Action Items:
— Need of a device that could replicate machine loading conditions and similar
influence depth
— What material property is critical relative to the location of testing in an
embankment?
— Range of index values for a given material type

o Schedule and Responsibilities:
— Industry and collaboration with research organizations

* Data Management and Analysis

° Action Items:
— What data should be collected?
— Geostatistics for uniformity characterization
— What type of data resolution needed?
— Ciriteria for data filtering
— Frequency of data reporting to the owner
— Extent of detail in the data to be retained (all production data or top few meters or

final pass?)
o Schedule and Responsibilities:

— IT personnel, statisticians
— 24 months

* Understanding Impact of Non-Uniformity on Performance

o Action Items:
— How do you define uniformity? (variance, coefficient of variation)
— What is acceptable and what is not?
— What is the critical area in embankment where it should be uniform?
— Effect of uniformity in vertical and spatial (on grade) aspects
o Schedule and Responsibilities:
— 2 years
— Agency/University collaboration

Automated Machine Guidance 1
— Charles Jahren and John Hannon (Facilitators), Heath Gieselman (Recorder)
Knowledge Gaps

* Transition to a 3D design practice from a 2D design practice. (8)

* Many DOTs have not worked with machine control technology, and there is lack of
awareness. DOTs are still trying to catch up with technology. (5)



* Unfamiliar with file formats and terms relating to design files lack consistency (e.g., TIN,
DTM, TTM, XML). (3)

* File types can lack information needed for machine control. (4)

* Surface information and design changes should be left in the hand of the designer, not
modified by the contractor. Specifically, this applies to change orders. (2)

* Ability to link design information between segments of construction projects that are
created by separate entities (utilities, grade, etc.). (0)

* Communication issues between construction and design communities. (0)

Education/Training

* New operators are not familiar with the fundamentals of survey, which are basis for AMG,
resulting in lack of ability to fully take advantage of technology and misuse. (4)

* Certification should be offered for AMG training pertaining to specialization (design,
operator, field QC). (2)

* Fundamentals of earthmoving are not practiced and operators are not properly trained by
employer. (1)

* Contractor should have employees trained in house or by other means. (1)

* Equipment manufacturers/dealer networks should train on the equipment they produce for
clients. (1)

* Addition of technology helps expose knowledge gaps. (0)

* Addition of technology adds a layer of complexity to operator. (0)

* DOT should take active role in training agency personnel in AMG technology. (0)

* Educational institutions should train students with fundamentals and current technologies. (0)

* Operator union has given machine control training in some states. There is a good network
of training available in the Midwest. (0)

* Follow-up training for experienced operators. (0)

Specifications/Standards

* Tolerances should be addressed as to what is acceptable for various aspects of construction

(rough grade, finish grade, paving, etc.). (9)
* Specification is not encompassing of other technologies (Laser, GPS, Total Station). (3)
* Definitions as to how spatial data presented (pipe elevation given at flow line?). (1)

* Design surfaces have files size limitations based upon equipment capabilities (computer,
software, and AMG machine limits). (1)

* When will the best utilization of resources be obtained using AMG and 3D design. (1)
* When are spec and design files available to contractor. (1)

* Some state specifications prohibit machine control by the way they are worded (legal issue). (0)
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* Process control checks should be defined for validation (safety net). (0)

* What is the surface that is desired to be delivered to contractor (multiple, pavement,
subgrade). (0)

* GPS accuracy requirements. (0)
* Accuracy of individual pieces of equipment and validation. (0)

General

* Currently, the paper document is the legal document; design files are often under a
disclaimer for inaccuracy. (2)

* Increased transfer of data increases productivity. (0)

Automated Machine Guidance 2
— Charles Jahren and John Hannon (Facilitators), Heath Gieselman (Recorder)

Knowledge Gaps
* 'There is limited desire to move toward with pavement AMG by the paving contractors
due to initial cost, lack of knowledge and comfort (the string is “safe”), and high QC/QA
requirements. (6)

* We don’t know what we don’t know because we need to have more experience! (5)

* Lack of champions for technology in various agencies (industry, state, contractor). (4)
* Design needs to be in 3D. (3)

* States limit usage due to resistance to “change.” (2)

* Old equipment is not functional for technology application so a greater initial investment
costs are needed, which may not seem practical. (1)

* ROI information is not easily available. (1)

Definition of AMG was unclear until exposure at this conference. (0)
* Technology capabilities are unclear. (0)

* Pavement design file and machine control inconsistencies. (0)

* Pavement community finds challenges in steering with AMG. (0)

* Machines are not capable to handle large file sizes and design files must be reduced to allow

loading onto machines. (0)
* Time constraints to evaluate data in a real-time environment. (0)
* Transparency between data systems. (0)
* Need large scale “road map” to provide the champions information to work with. (0)
* Terrain is a limitation due to increased costs of survey, design, etc. (0)

* RTK GPS is a “rough grade” system. (0)



Education/Training
* Future conferences/workshops/web-based training need. (7)
* Use of intelligent design tools will increase efficiencies. (2)

* There are difficulties in training; therefore, multiple sessions are needed and hands-on
experience is a must and follow-up is needed. (1)

Training through use and experience. (1)

“Big 3” companies need to do a better job of supporting paving operations. (1)

* Inspector training is needed in simple awareness as well as technology use. (1)

Software is needed that designs in 3D and reduces problems between various inputs
(utilities, grade, etc.). (1)

* Scan tour for exposure to technologies. (0)

* Manufacture training specifically though simulations including troubleshooting. (0)
* Exposure through open houses and demonstrations. (0)

* Survey industry can provide support to those that need assistance. (0)

* Operators must be trained. (0)

* Pavement Community has been able to achieve 3—5 mm accuracy in the vertical using an
augmented GPS system (slope sensors, laser and GPS combination). (0)

* Key aspect: 3D design and electronic plan production and geospatial control of equipment.
(0)

Iowa RTN 2 cm vertical and 1 cm horizontal; be aware of time latency and must be

addressed. (0)

Specifications/Standards

¢ A standard 3D data stream/file format is needed for contractor.

* A standard for QC/QA data to be returned to agency.

How often should the data be evaluated/monitored (real time, daily, etc.).

Continued literature review is needed.
* Users input, including those opposed to technology, is needed during creation. (1)

* Proper project selection of initial spec application is important; position yourself for success
and give yourself an opportunity to gain experience.

* Unnecessary increases in design size (ethics).

* Specify control in the construction process to deal with surface changes due to as-built

construction.
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Intelligent Compaction Specifications and Performance-Based Specifications 1
— Tom Cackler and David White (Facilitators), Caleb Douglas (Recorder)
Challenges

* Calibration of IC outputs to known acceptance tools.

* Data filtering—what is needed for acceptance?

* Compatibility of different systems.

* Existing specifications are tied to the technology being used.

* Will never be able to keep up with a “technology specification”; need to shift the
technology to the contractor.

* DOTs need to agree upon what end result properties they want to measure.
Goals

* Develop specification that is not technology specific.

* Discussion of what DOTs want to measure and format of the data.

Discussion

* Stiffness is a good approach and have value to work towards—need to get away from
density on soils and aggregate.

* On asphalt, IC is likely to be only QC tool because stiffness is artificially generated by

temperature.
* Need guidance on what values are important to test at difference points in fill.
* Using IC data will lead to better quality.
* Traditional methods rely heavily on the experience of the inspector.
* We should set a goal to have developmental specification out in the next year.
* Need to have some certification and calibration of roller and operator.
* Moisture content is critical.
* What electronic output file will be required?
* When will acceptance occur, especially on bigger projects?
* How to define acceptance on variability so IC requirements can be realistic?

* High water table can have big impact on IC values; Minnesota experience is to be about 4
feet above the water table to get out of the zone of influence.

* Need to find independent calibration procedure for roller devices.
* Need anti-data manipulation procedures or safeguards.
* Need to standardize on a value to create a process (stiffness).

* FWD output protocol has a universal output.



Review of Developmental Specifications

* How to move forward with a broadly utilized developmental specification in the US?

o

o

o

Owner tools are needed, i.e., software.

Work with DOTs that are going to build a project in 2009 and 2010 to form a working
group to develop a common framework and identify the tools needed to support the
easy application of the specification.

Industry buy-in; need to reduce risk and build understanding and training.

Need to agree on an index to measure.

Roller calibration is needed because spot tests do not measure what the IC roller does
(area of influence).

Important Action Item: Calibration of IC devices with nationwide accepted procedure.

Intelligent Compaction Specifications and Performance-Based Specifications 2
— Tom Cackler and David White (Facilitators), Caleb Douglas (Recorder)

Discussion

* What is the “gold standard”; currently, it is density and moisture; what is needed with IC
specifications?

* Look at “superpave” implementation and QC requirements.

* Soils and asphalt will need separate specifications.

* Do we need a “research” level specification?

* Need to address chain of custody of the data in the specification. Is there a owner’s device
that could go on the machine that could be used to verify to the DOT the data is good?

* FHWA position is to require verification process if they use contractor test results.

Review of Developmental Specifications

* Option 5 may need to be a goal but not where we start. DOTs may be unsure about
making large scale changes. Could start with a process that builds into option 5.

* States currently working on developmental IC specifications for soils: lowa, Minnesota,
Texas, Georgia, California (Caltrans), (Alaska on asphalt?), and Utah (perhaps also pooled
fund states).

* What is the IC tool for the state agency?

e Don’t need to tie GPS with IC.

* Texas will use nuclear gage and perhaps FWD to verify; needs easy, simple, fast test that

will also moisture content in the field.

Breakout Sessions
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Facilitator Report

Facilitator Report—Summary

The results of the breakout sessions were analyzed to identify the priorities for advancement in
each of the three topics. Prioritization of key issues from each topic was determined based on a
detailed review of the recorder notes, finding common topics among sessions, and summarizing
the participant votes. The results for this analysis are summarized in the following information.
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Intelligent Compaction for Soils, Aggregate, and HMA

Prioritized IC Road Map Elements and Action Items

1. Intelligent Compaction Specifications/Guidance (41)

a. Data communication between contractor and Oowner.

k.

L.

Reporting problematic areas.

Standardized data format.

Differentiate owner (e.g., QA) and contractor (e.g., QC) responsibilities.
Separate specifications for soils/aggregate and HMA.

Recommendations on roller operating parameters.

Acceptance requirements (e.g., non-uniformity) depending on the compaction layer
depth below the surface layer.

. Calibration standards for machines using independent measurements.

Repeatability and accuracy of GPS and machine values.
Incentive-based pay factors to contractor.
Consistency in measurement output units.

Identify the state of the practice.

2. Intelligent Compaction and In Situ Correlations (25)

a.
b.

C.

Correlation studies on HMA and WMA.
Relationships with density and stiffness (which is appropriate?).

Correlations with different in situ test devices with different machine operation
settings.

d. Rapid determination of IC target values.

3. In Situ Testing Advancements and New Mechanistic-Based QC/QA (20)

a.
b.

C.

Rapid test procedures/device to replicate roller loading.
Define mechanistic parameters to be used for QA.

Critical engineering properties relative to the location of testing in an embankment.

4. Understanding Impact of Non-Uniformity of Performance (16)

a.

How do you define uniformity? (variance, coefficient of variation)

b. What is acceptable and what is not?

C.

What is the critical area in embankment where it should be uniform?



d. Effect of vertical and spatial non-uniformity on performance.
5. Data Management and Analysis (16)

a. Explore wireless data transfer capabilities.

b. Explore effective ways for data storage.

c. Continued research on geostatistical analysis for uniformity.

d. Options for simple to robust analysis.

e. What type of data resolution needed?

f. Criteria for data filtering.

g. Extent of detail in the data to be retained.
6. Project Scale Demonstration and Case Histories (13)

a. Capture barriers to address during implementation.

b. Compare IC results with conventional operations.

7. Understanding Roller Measurement Influence Depth (13)

a. Effect of different material types, geotextiles, cobbles, water table, foreign objects, and
utilities.

Intelligent Compaction Technology Advancements and Innovations (9)
9. Education Program/Certification Program (8)
a. Contractor and agency certification/training/troubleshooting.
10. Intelligent Compaction Research Database (8)
a. Standardize storage and documentation.
b. Database components: design, construction, and long-term performance.
c. Establish a public domain for data access.

Table 3 shows the top 10 IC technology research and implementation needs that were
prioritized by the workshop participants.

Table 3. Prioritized IC technology research/implementation needs

Prioritized Top 10 IC Technology Research/Implementation Needs

Intelligent Compaction Specifications/Guidance (41)

-

Intelligent Compaction and In-Situ Correlations (25)

In-Situ Testing Advancements and New Mechanistic Based QC/QA (20)
Understanding Impact of Non-Uniformity of Performance (16)

Data management and Analysis (16)

Project Scale Demonstration and Case Histories (13)

Understanding Roller Measurement Influence Depth (13)

Intelligent Compaction Technology Advancements and Innovations (9)

2.
3.
4.
5.
6.
7.
8.
9,

10. Intelligent Compaction Research Database (8)

Education Program/Certification Program (8)
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Automated Machine Guidance
Knowledge Gaps and Deficiencies
1.

2
3.
4.
5

Lack of documented experience and champions. (17)

Transition 2D to 3D design practice. (11)

File compatibility issues. (7)

Limited desire to move toward pavement AMG (stringline is “safe”). (6)

Surface information and design changes should be left in the hand of the designer, not
modified by the contractor. (2)

Currently the paper document is the legal document, design files are often under a
disclaimer for inaccuracy. (2)

Education/Training
1.

2
3.
4

Initial training + experience + follow-up training. (10)
Future conferences/workshops/web-based training. (7)
Certification. (2)

Use of intelligent design tools will increase efficiencies. (2)

Specifications/Standards
1.

AN

7.

Based on the discussion, four implementation needs were determined, as shown in Table 4.

Acceptable tolerances linked to construction elements (rough grade, finish grade, paving,
etc.). (9)

Specification inclusive of various technologies (Laser, GPS, Total Station). (3)

Object referencing (e.g., top of curb vs. gutter flow line?). (1)

Design surface file size limitations (computer, software and AMG machine limits). (1)
When will the best utilization of resources be obtained using AMG and 3D design? (1)
When are specification and design files available to contractor? (1)

Solicit wide ranging review/feedback. (1)

Table 4. Summary of AMG technology implementation needs

Summary of AMG Technology Implementation Needs

1.

Lack of documented experience and champions + limited desire to transition from 2D to 3D
practice (34)

Education + Training (in-house, manufacturer, web-based) + Conferences + Certification (21)

Widely accepted specifications on tolerances, requirements, and responsibilities (19)

Issues with file compatibility + Software capabilities/limitations (9)




Intelligent Compaction Specifications

Goals
* Develop a specification that is not technology specific.

* Define what DOTs want to measure and format of the data.
Challenges

* Calibration of IC outputs to ...?

* Data filtering for acceptance?

* Compatibility of different systems?

* Existing specifications are technology specific.

* Will never be able to keep up with a “technology spec”; need to shift the technology to the
contractor.

* DOTs need to agree upon what end result properties they want to measure—“gold
standard.”

* Soils and asphalt will need separate specifications.
* IC use for QA requires FHWA verification.
e What is the IC tool for the state agency?
Key Attributes of IC Specifications
* Descriptions of the rollers and configurations, GPS (accuracy), other position technology?

* Guidelines for roller operations (speed, vibration frequency, vibration amplitude, and track
overlap) (normalization).

* Records to be reported: time of measurement, roller operations/mode, soil type, moisture
content, layer thickness, etc.; electronic output, portable, how often?, real-time viewing?,
anti-data manipulation; format, # passes; roller operator ID.

* Repeatability and reproducibility measurements for IC measurement values (IC-MVs).

* Ground conditions (smoothness, levelness, isolated soft/wet spots/high GWT, variation of

materials).

* Calibration procedures for rollers and selection of calibration areas (variable soils),
(independent site/mechanical, see superpave).

* Simple linear regression analysis (statistical analysis, populations?) between IC-MVs and
point measurements (moisture content, stiffness).

* Number and location of quality control (QC—what testing for w%, DD?) and quality
assurance (QA—what testing/independent) tests.

* Operator training and certification.

* Basis of payment/incentives.
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* Acceptance procedures/corrective actions based on achievement of minimum MV-TVs

(MV target values) and associated variability. (When—construction traffic, etc.?) (QA—if
contractor data used needs to be verified).

Key Discussion Points
* Stiffness may be a good alternative to traditional density measurements.
* IC for HMA—primarily a QC tool.
* Need guidance on linking values to location/depths in fill.
* Using IC data should lead to better quality.
* Traditional methods rely heavily on the experience of the inspector.
* Need certification/calibration of roller and operator.
* Moisture content is critical.
* What electronic output file will be required?
* When will acceptance occur, especially on bigger project.
* How to define acceptance so IC requirements are realistic.
* Pavement roughness/FWD test protocols.
Next Steps
* Education—identify benefits.
* Technology transfer involving manufacturers, contractors, and state DOTs.
* High-quality DVD.
* Develop stand-alone tools/software for field inspectors.

* Develop consensus approach for specification.

From the discussion, three main points can be summarized, as shown in Table 5.

Table 5. Summary of Specification Needs

Summary of Specification Needs

1. Different IC technologies exist and are evolving, so specifications should be technology
independent.

2. Protocols for reporting, transfer, and evaluation of electronic data need to be developed.

3. QA measurement may need to move away from traditional density to mechanistic-based
(e.g., strength, stiffness).




Panel Discussion

On day 3, a panel discussion was held for about 1%2 hours and moderated by Tudor Van
Hampton with ENR, Chicago Bureau. Panel members included Michael Adams (FHWA),
Chris Connelly (Bomag America), Terry Rasmussen (Caterpillar), Zhiming Si (TxDOT), Brett
Dening (NYSDOT), Bill Kramer (IDOT), Dean Herbst (Iowa DOT), Adam Ross (KYTC),
Rebecca Embacher (Mn/DOT), Dick Endres (MDOT). The discussion was mainly centered

on the following five key topics:

AN

Action items (state DOT, manufacturer, and contractor perspectives).
Additional research/development needs for manufacturers.
Challenges.

Strategies (state DOT perspective).

Education/training,.

Action Items (State DOT Perspective)

1.

2
3.
4.
5

Need active involvement by state DOTs.

Need more demonstration projects to gain/improve confidence.
Need more research on correlations and develop specifications.
What QA point measurement should be used as a “gold standard”?

Use IC for QC by contractor and perform QA by DOT (use IC as a proof roller to select
QA testing).

Need champions to overcome bureaucracy constraints.
Need upper management people at these workshops.

Need more contractor presence at these workshops (workshop timing is a constraint—
late February is preferred).

Action Items (Manufacturer Perspective)

1.

2.

Need more communication with DOTs and contractors to educate and demonstrate the

advantages.

Using IC for QC is a good starting point for DOTs.

Action Items (Contractor Perspective)

1.

Need detailed specifications on how to implement the technology.

2. Specifications should include machine requirements (e.g., 3D capabilities, GPS,

documentation, etc.).

Additional Research/Development Needs for Manufacturer

1.

Incorporating the technology on padfoot and heavier machines.

2. Better understanding of the factors (e.g., temperature for asphalt, moisture content for

soils) that affect the values to better refine the measurements and improve QC efhciency.
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3. Need for effective data management by collaborative effort (e.g., Trimble connected
community).

4. Display capabilities to filter inappropriate data (e.g., data collected in non-vibratory
mode or reverse direction, etc.).

5. Simple analysis capabilities on display (e.g., % change with each pass, simple statistics).
Retrofitting capabilities on existing machines.

Challenges

1. Correlations to current practices/conventionally used measurement and evidence that the
technology improves efficiency.

2. Providing machine requirements as part of specifications has not been done in current
earthwork specifications.

3. Understanding impact of non-uniformity on performance—need specifications on how
often (vertically in an embankment) measurements need to be collected.

4. Change of culture moving from 2D to 3D machine control.
Working capital new limitations for implementation.

6. Not enough documented evidence on the efficiency of the technology to convince
contractors to use the technology.

7. Develop incentive-based specifications.

Strategies (State DOT Perspective)

1.

N

Conduct demonstration projects and obtain measurements for correlations.
Compare current practices with new technology to demonstrate efliciency.
Develop draft specifications for implementation on pilot projects.

More participation in pooled fund studies.

Obtain more information on cohesive soils.

Possibility of funding on FHWA?

Can ARAP money be used for implementation?

a. Most projects are already let and specifications cannot be modified now.

b. Contractor could use it QC.

Education/Training

1.

AN A A

Develop demonstration videos (e.g., McAninch Compaction 101 and GPS 101 videos).
FHWA pooled fund studies results are available on YouTube.

State DOTs need to develop training/education program.

Need for training/certification classes.

Use demonstration projects for training state DOTs and contractors.

Create a one-stop shop place for information on IC.



Some common themese arose from the panel discussion and were identified as key outcomes,
as summarized in Table 6.

Table 6. Summary of panel discussion

Key Outcomes from Panel Discussion

1. Need“champions” to create opportunities for implementation—using the technology
for QC by contractor and perform independent QA by DOT is a good strategy to further
implementation.

2. Need demonstration/pilot projects to improve confidence, create evidence that it reduces
costs/improves efficiency to contractors, create training opportunities, and implement
pilot specifications.

3. Need more research on identifying the “gold standard” QA method for correlations with IC
measurements.

4. Need more refinement in the technologies with respect to more user-friendly onboard
interfaces for data analysis and visualization and retrofitting capabilities.
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Workshop Outcomes

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

1.
2.

Technical information exchange.

Prioritized lists of IC technology research, IC and AMG implementation needs, and a
refined list of key attributes of IC specifications.

Establishment of a network of people interested in partnership and implementation
of IC and AMG technologies and new QA/QC testing technologies into earthwork
practice.

Plans for next year’s workshop to further technology exchange and explore opportunities
for implementation, education/training programs, and technological advancements.



Next Steps

This workshop provided a platform to exchange ideas between researchers, practitioners, and
policy makers and to provide input on the current state of the practice/technology. Some
important outcomes from the breakout session and panel discussions were a prioritized IC road
map and AMG road map with action items to move forward. Although these road maps are a
good starting point, effective and accelerated implementation of these technologies will require

“champions” to create opportunities.

The discussion that follows in Tables 7, 8, and 9 provide IC and AMG road maps and action

items based on the information derived from the workshop session and the author’s viewpoint.

Table 7. Revised IC road map research and educational elements

IC Road Map Research and Educational Elements

1.

Intelligent Compaction Specifications/Guidance (4%*). This research element will result in
several specifications encompassing method, end result, performance-related, and perfor-
mance-based options. This work should build on the work conducted by various state DOTSs,
NCHRP 21-09, and the ongoing FHWA IC Pooled Fund Study 954.

Intelligent Compaction and In Situ Correlations (2*). This research element will develop
field investigation protocols for conducting detailed correlation studies between IC mea-
surement 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. A database and methods for
establishing IC target values will be the outcome of this study. Information generated from
this research element will contribute to research elements 1, 9, and 10.

In Situ Testing Advancements and New Mechanistic-Based QC/QA (8%). This research ele-
ment 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.

Understanding Impact of Non-Uniformity of Performance (10%). This track will investigate
relationships between compaction non-uniformity and performance/service life of infra-
structure 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 param-
eters. Much needs to be learned about spatial variability for earth materials and HMA and
the impact on system performance. This element is cross cutting with research elements 1,
5,and 9.

Data Management and Analysis (9*). The data generated from IC compaction operations

is 100+ times more than for traditional compaction QC/QA operations and presents new
challenges. This research element should focus on data analysis, visualization, and manage-
ment and be based on a statistically reliable framework that provides useful information to
assist with construction process control. This research element is cross cutting with research
elements 1, 2, 3, 6, 8,9, and 10.

Project Scale Demonstration and Case Histories (3*). The product from this research ele-
ment 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
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10.

contractors and state agencies should further address implementation 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 research elements 1, 9, and 10.

Understanding Roller Measurement Influence Depth (6*). Potential products of this
research element include improved understanding of roller operations, roller selection,
interpretation of roller measurement values, field compaction problem diagnostics, selec-
tion 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 Technology Advancements and Innovations (7*). Potential out-
comes 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. It is envisioned that much of this research will be incremental, and several
sub-elements will need to be developed.

Education Program/Certification Program (5%). This educational element will be the driver
behind IC technology and specification implementation. Materials generated for this ele-
ment should include a broadly accepted and integrated certification program than can

be delivered through short courses and via the web for rapid training needs. Operator/
inspector guidebooks 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 outcome of this element would be materials for NHI
training courses.

Intelligent Compaction Research Database (1*). This research element would define

IC project database input parameters and generate web-based input protocols with a
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 assessing the 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 guide-
lines and a single source for the most recent information. Information generated from this
research element will contribute to research elements 1, 2, 6, and 9.

*2008 Workshop Ranking

Table 8. AMG road map research and educational elements

AMG Road Map Research and Educational Elements

1.

Demonstration Projects and Case Histories. The product from this research element will be
documented experiences and results from pilot projects where AMG is implemented as part
of the project specifications. The projects should include a wide range of material and site
conditions across the United States (e.g., earthwork cut and fill, fine grading, paving, etc.).
The project-level case histories should include interviews from contractors and field inspec-
tors. Conclusive results with respect to the benefits of AMG implementation by comparing
it with conventional methods and field experiences should be reported and analyzed.

Education/Certification/Training Program. This educational element is the key to acceler-
ating the implementation of AMG technology. Materials generated for this element should
include a broadly accepted and integrated certification program than can be delivered
through short courses, future conferences, and via the web for rapid training needs.
Operator/inspector guidebooks 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 outcome of this element would be
materials for NHI training courses.

AMG Specifications/Guidance on Tolerances/Requirements/Responsibilities. This
research element will result in widely accepted specifications inclusive of various AMG
technologies (e.g., last GPS, total station, etc.), with guidelines on acceptable tolerances
specific to construction elements (i.e., paving, fine grading, etc.). The specifications should
clearly outline the achievable tolerances (utilizing information from element 1), require-
ments, and responsibilities (i.e., QC/QA testing and frequency, responsibility for the 3D
model, schedule of design files’ availability to the contractor, etc.). This work should build
on existing AASHTO and state DOT specifications.

Standardization of File Type Formats and Data Transfer Protocols. This is an important
research element in successful implementation of the specifications and will be an impor-
tant input to element 3. File compatibility and computer/software issues can lead to
frustration with delays on construction sites. Standardization of the file formats and data
transfer protocols as part of the specifications will significantly help overcome this obsta-
cle. This element should be addressed as part of element 2.

Table 9. Action items for advancing IC road map and AMG road map

Action Items for Advancing IC Road Map and AMG Road Map

Develop six case histories (technical briefs) to demonstrate the benefits of the technologies
Conduct six webinars to facilitate training and technology transfer
Create a Specifications Technical Working Group to coordinate efforts

Regularly update the Earthworks Engineering Research Center web site
(www.eerc.iastate.edu)

Explore the possibility of conducting a National Highway Institute course on IC and AMG
technologies

Identify current research gaps, develop problem statements for needed research, and iden-
tify key research partners
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Appendices

Appendix A: Workshop Agenda

Intelligent Construction for Earthworks
Sheraton Hotel, West Des Moines, lowa
April 14-16, 2009

Sponsors: lowa Department of Transportation and Iowa State University Earthworks

Mission:

Engineering Research Center (EERC)

This event provides an opportunity for participants to exchange ideas and
experiences in using intelligent construction technologies. The goal is to increase
participants’ knowledge and identify strategies to advance use of these tools to
provide verifiable results that are appropriate for both contractor quality control
and owner acceptance decisions.

Day 1—Tuesday, April 14,2009
6:30 a.m. Breakfast and Registration

AM Moderator: Sandra Larson, PE., lowa DOT

8:00

8:20

9:00

10:00

10:15

11:15

Welcome and Workshop Mission—Sandra Larson
Why are we herez—John Adam, PE., lowa DOT

Review of Outcomes from 2008 Workshop—Dr. David White, Director, EERC,
Iowa State University

Joint Rapid Airfield Construction (JRAC): U.S. Military’s New Approach to
Contingency Airfield Construction—Dr. Gary Anderton, Chief, Airfields and
Pavements Branch, U.S. Army Engineer Research and Development Center

Break

IC Case Histories for Soil, Aggregate, and HMA—Dr. David White, Dr. Pavana
Vennapusa, Rachel Goldsmith, and Luke Johanson

Mn/DOT Experience with LWD and IC Implementation—Rebecca Embacher
and Tim Andersen, Mn/DOT

12:00 p.m.Lunch (buffet)
PM Moderator: Lisa Rold, FHWA, Iowa Division

1:00

2:30
2:45
3:00

3:25

The Mars Exploration Rovers: Five Years of Exploring the Martian Surface—Dr.
Rob Sullivan, Cornell University, NASA’s Mars Explorer Rover Project

Break
Statewide Iowa RTK-GPS—Mike Jackson, Iowa DOT

GPS Technology in Planning, Design and Construction Delivery—Prof Jeft
Hannon, University of Southern Mississippi; GPS Automatic Grade Control
Systems, Engineering Distance Education—Dr. Charles Jahren, Iowa State
University; NCHRP 10-77—Dr. David White

New Approach for Asphalt IC—Dr. Sesh Commuri and Dr. Musharraf Zaman,
University of Oklahoma



3:45 Participating State DOT Briefings (IA, MN, WA, LA, VA, GA, IL, W1, KY, KS,
TX, MO, MS, MI, NY, SD)

4:45 Wrap-up, Review of Workshop Mission, Tomorrow’s Session—Sandra Larson

Day 2— Wednesday, April 15,2009

6:30 Breakfast

AM Moderator: Tom Cackler, P.E., National Concrete Pavement Technology Center, ISU
7:30 Industry/Equipment Manufacturer Overviews

9:30 Break

9:45 Charge to the group—Tom Cackler

10:00 Session 1 — Break out discussion groups (1 group on each topic)
 Technical aspects of IC for soils, aggregate, and HMA (e.g. data format,
measurement technology, software, etc.)
* Implementation aspects (e.g., design tools, education/training, case histories)
* Review of developmental specification and performance-based specifications

12:00 Lunch (buffet)—Geo-Mobile Lab and FWD Lab Tours in South Parking Lot

1:00 Session 1 continues
1:45 Break
2:15 Session 2—Breakout discussion groups (1 group on each topic)

* Technical aspects of IC for soils, aggregate, and HMA (e.g. data format,
measurement technology, software, etc.)

e Implementation aspects (e.g., design tools, education/training, case histories)

* Review of developmental specification and performance-based specifications

4:45 Adjourn

Day 3— Thursday, April 16, 2009
6:30 Breakfast
Moderator: Tudor Van Hampton, Associate Editor, Engineering News-Record (ENR)

7:30 Summary of Facilitators’ Reports from Day 2 Discussions
9:00 Break
9:30 Panel Discussion and Questions-Tudor Van Hampton

» State DOT representatives
 Contractor representatives
* Industry representatives

10:30 Audience Implementation Exercise

11:00 Wrap-up and Discussion of Next Steps—Sandra Larson
11:15 Workshop Evaluation

11:30 Adjourn

Appendices

Report of the Workshop on Intelligent Construction for Earthworks

125



Appendices

Report of the Workshop on Intelligent Construction for Earthworks

126

Appendix B: Workshop Attendees

John Adam

Iowa Department of Transportation
Ames, TA
John.Adam@dot.iowa.gov
515-239-1333

Mike Adams

Federal Highway Administration
McLean, VA
Mike.Adams@thwa.dot.gov
202-493-3025

Tim Andersen

Minnesota Department of Transportation
Maplewood, MN
Tim.Andersen@dot.state.mn.us

651-366-5455

Gary Anderton

US Army Corp of Engineers
Vicksburg, MS
Gary.L.Anderton@usace.army.mil
601-634-2955

Jason Billerbeck

Peterson Contractors, Inc.

Reinbeck, IA
jbillerbeck@petersoncontractors.com

319-415-5229

Katherine Braddy

Caterpillar, Inc.

Peoria, IL

Braddy_Katherine_ C@cat.com
309-578-7049

Mark Brenner
GOMACO Corp.
Ida Grove, IA
markb@gomaco.com

712-364-3347

Tom Cackler

National Concrete Pavement Technology
Center

Ames, TA

tcackler@iastate.edu

515-294-3230

Sesh Commuri
University of Oklahoma
Norman, OK
scommuri@ou.edu

405-325-4302

Chris Connolly

BOMAG Americas

Bowie, MD
Chris.Connolly@bomag.com
301-529-8477

Allen DeClerk

Caterpillar, Inc.

Peoria, IL
DeClerk_Allen_]@cat.com
309-578-3755

Brett Dening

New York Department of Transportation
Albany, NY

BDENING@dot.state.ny.us
518-457-4733

Dave Dennison

BOMAG Americas
Kewanee, IL
dave.dennison@bomag.com

309-852-6217
Caleb Douglas

Earthworks Engineering Research Center
Ames, [A

calebd@iastate.edu

515-294-7302

Don Drake

Iowa Department of Transportation
Ames, IA

don.drake@dot.iowa.gov
515-233-7852

Mark Dunn

Iowa Department of Transportation
Ames, [A
Mark.Dunn@dot.iowa.gov
515-239-1447



Rebecca Embacher
Minnesota Department of Transportation
Maplewood, MN

rebecca.embacher@dot.state.mn.us

651-366-5525

Dick Endres

Michigan Department of Transportation
Lansing, MI

Endresr@michigan.gov

517-322-1207

Ed Engle

Iowa Department of Transportation
Ames, IA
Edward.Engle@dot.iowa.gov

515-239-1382

Dave Erickson

Washington State Department of
Transportation

Olympia, WA
ERICKSD@wsdot.wa.gov
360-705-7829

Bill Evans

Caterpillar, Inc.

Peoria, IL
Evans_William_C@cat.com
309-578-2783

Brad Fleming

Earthworks Engineering Research Center
Ames, [A

fleming@iastate.edu

515-294-7302

Hiroshi Furuya

Obayashi Corporation

Tokyo, Japan
furuya.hiroshi@obayashi.co.jp
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Appendix C: lowa DOT Developmental Specifications for GPS Machine Control
Grading (DS-01119)

Ds-01119
{Replaces DS-01103)

e&' lowa Department of Transportation

DEVELOPMENTAL SPECIFICATIONS
FOR
GLOBAL POSITIONING SYSTEM MACHINE CONTROL GRADING

Effective Date
November 18, 2008

THE STANDARD SPECIFICATIONS, SERIES 2001, ARE AMENDED BY THE FOLLOWING
MODIFICATIONS AND ADDITIONS. THESE ARE DEVELOPMENTAL SPECIFICATIONS AND THEY
SHALL PREVAIL OVER THOSE PUBLISHED IN THE STANDARD SPECIFICATIONS.

01119.01 GENERAL.

This specification contains requirements for grading construction ulilizing Global Positioning System
(GPS) machine control grading techniques and shall be used in conjunclion with Section 2528, of the
Standard Specifications.

The Contractor may utilize grading equipment controlled with a GPS machine control system in the
construction of the roadway embankment,

The plans indicate the areas of the project where the Contracting Authority is providing electronic surface
models of the roadway embankment construction. The remaining areas may be constructed with
conventional construction survey technigues unless the Contractor chooses to build the required surface
models to facilitate GPS machine contral grading for those areas at no additional cost to the Contracting
Authority.

The Contractor may use any type of GPS machine control equipment and systems that resulls in
achieving the existing grading requirements. The Contractor shall convert the electronic data provided by
the Contracting Authority into the format required by their system.

01119.02 EQUIPMENT.
All equipment required to accomplish GPS machine control grading shall be provided by the Contractor
and shall be able to genarate end results that meet the Standard Specifications.
01119.03 CONSTRUCTION.
A. Contracting Authority Responsibilities.

1. The Engineer will set the initial horizontal and vertical control points in the field for the project
as indicated in the contract documents.

2. The Engineer will provide the project specific localized coordinate system. The control
information utilized in establishing the localized coordinate system, specifically the rotation,
scaling, and translation can be obtain from the Engineer upon request,
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3. The Contracting Authority will preside make available the data listed below in an electronic

Appendices

format with-the-propasal-form. This information is available for a fee at:
http/fwww.ia.bidx.com/mainfindex.html. The Contractor will be required to purchase an online
account to obtain the electronic data.

Mo guarantee is made that the data systems used by the Engineer will be directly compatible
with the systems used by the Contractor.

Article 1105.04 of the Standard Specifications shall apply with the additional clarification that
information shown on the plans shall govern over the provided electronic data.

This information shall not be considered a representation of actual conditions to be
encounterad during construction. Fumishing 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 judgment of the Contractor. The
Contractor shall assume the risk of error if the information is used for any purposes for which
the information was not intended.

Any assumptions the Contractor makes from this electronic information shall be at their risk.
The Contracting Authority will develop and previde make available electronic data to the
Contractor for review as part of the contract documents. The Contractor shall independently
ensure that the electronic data will function in their machine control grading system.

The files that are pravided made available were originally created with the computer software
applications MicroStation (CADD software) and GEOPAK (civil engineering software). The
data files will be preaddad in the native formats and other software formats as describad
below. The Contractor shall perform necessary conversion of the files for their selected grade
control equipment. The Contracting Authority will fussish make available to the Contractor
with the following electronic data files:

a, CAD Files:
= GEOPAK TIN files representing the design surfaces.
» GEOPAK GPK file containing all horizontal and vertical alignment information.
= GEOPAK documentation file describing all of the chains and profiles.
» MicroStation primary design file.
= MicroStation cross section files.
* MicroStation ROW data file.
* MicroStation photogrammetry and texd files.

b. Machine Control Surface Model Files:
« ASCII format,
s LandXML format.
= Trimble Teramodel format.

MNate: TIN files and surface madel files of the proposed finish grade include the topsail
placement where required in the plans.

c. Alignment Data Files:
« ASCII format.
* LandXML formeat.
= Trimble Temamodel format.

The Engineer may perform spot checks of the Contractor's machine control grading results,
surveying calculations, records, field procedures, and actual staking. If the Engineer
determines that the work is not being performed in a manner that will assure accurate results,
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DS-01119, page 2 of 4

the Engineer may order the Contractor to redo such work, to the requirements of the contract
documents, at no additional cost to the Contracting Authority.

B. Contractor's Responsibilities.

1.

3.

6.

7.

10.

11.

The Contractor shall provide the Engineer with a GPS rover for use during the duration of the
contract. At the end of the contract, the GPS rover unil will be returmed to the Contractor. This
unit shall have the same capabilties as units ulilized by the Contractor, The Contractor shall
provide 8 hours of formal training on the Contractor's GPS machine control systems to the
Engineer,

The Contractor shall review and apply the data provided by the Contracting Authority to
parform GPS machine control grading.

The Contractor shall bear all costs, including but not limited to the cost of actual
reconstruction of work, that may be incurred due to errors in application of GPS machine
control grading techniques. Grade elevation errors and associated quantity adjustments
resulting from the Contractor's activities shall be at no cost to the Coniracting Authority.
The Contractor shall convert the electronic data provided by the Contracting Authority into a
format compatible with their system.

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

The Contractor shall check and recalibrate, if necessary, their GPS machine control system
at the beginning of each work day.

The Contractor shall meet the same accuracy requirements as conventional grading
construction as detailed in the Standard Specifications.

The Contractor shall establish secondary control points at appropriate intervals and at
locations along the length of the project and oultside the project limits andfor where work is
performed beyond the project limits as required at intervals not to exceed 1000 feet (300 m).
The horizontal position of these points shall be determined by static GPS sessions or by
traverse connection from the original baseline control points. The elevation of these control
points shall be established using differential leveling from the project benchmarks, forming
closed loops. A copy of all new control point information shall be provided to the Engineer
prior 1o construction activities. The Contractor shall be responsible for all errors resulting from
their efforts and shall correct deficiencies to the satisfaction of the Engineer and at no
additional cost to the Contracting Authority.

The Contractor shall preserve all reference points and monuments that are established by the
Engineer within the project limits. If the Contractor fails to preserve these items they shall be
reastablished by the Contractor shall reestablished at no additional cost to the Contracting
Authority.

The Contractor shall set hubs at the top of the finished subgrade al all hinge points on the
cross section at 1000 foot (300 m) intervals on mainline and at least two cross sections on
the side roads and ramps. These hubs shall be established using conventional survey
methods for use by the Engineer to check the accuracy of the construction.

The Contractor shall provide controls points and convenlional grade slakes at critical poinis
such as, but not limited 1o, PC's, PT's, super elevation points, and other critical points
required for the construction of drainage and roadway structures.
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12. Al least one week prior to the preconstruction conference, the Contractor shall submit to the
Engineer for review a written machine control grading work plan which shall include the
equipment type, control software manufacture and version, and the proposed location of the
local GPS base station used for broadcasting differential correction data to rover units.

01119.04 METHOD OF MEASUREMENT.
The bid item for GPS Machine Control Grading will be measured and paid for at the lump sum contract

price.

01119.05 BASIS OF PAYMENT.

The bid item for GPS Machine Control Grading will be paid for at the lump sum contract price, This
payment shall be full compensation for all work associated with preparing the electronic data files for use
in the Contractor's machine control system, the required system check and needed recalibration, training

for the Engineer, and all other items described in Article 01119.03, B of this Developmental Specification.

Delays due to satellite reception of signals to operate the GPS machine control system will not result in
adjustment to the "Basis of Payment” for any construction items or be justification for granting contract
extensions.
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Appendix E: Workshop Evaluation Comments

Did the workshop meet your expectations?
* More than expected, I believe this needs to continue.

* Yes, far exceeded (3 responses); well-organized and facilitated; very good and helpful; very
educational.

* Having no expectations to start, the workshop was extremely valuable in showing what is
possible now and where we can realistically expect to go in the future.

* Yes, Day 1 was a little weak, many presentations.

* [ was hoping to learn from other states on their IC experience.

* ] was able to understand where we are.

* Yes, a lot of useful information. I still have a lot to digest at this time.
* Yes, I was pleasantly surprised by all the great content and speakers.

¢ As a first time attendee, Yes!!!

* Yes, but it was difficult to have expectations as this was my first.

* Mostly, for someone with little knowledge in IC it was not always clear if the goal was to
learn more or jump forward and implement a technology that still needs development.

What was the most useful part of the workshop?

* Networking/Interaction between industry, education, I'T, DOTs in general, & FHWA (7)

> Meeting people who are dealing with this as well and what problems and solutions they
have encountered.
o Interaction with peers and an opportunity to learn new technologies.

¢ Technical Presentations (2)

* Industry/Mfg Presentations, general and detailed exposure to IC, JRAC and Mars

presentations were great.

* The technical presentations were useful but seemed to build upon last years workshop.
Since I did not attend last year, it took awhile to get up to speed.

* Hearing opinions and concerns from the DOTs (it really surprised me there is such a wide

gap in the IC knowledge across the DOTs).
¢ Identifying issues.

* Working sessions (12) helped me see where various groups are at with their IC

developments.

o Working sessions continue creation of a network and tools to get this technology

implemented.
* The barriers to implementation.

* Panel discussion (4).
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Specification workshop. (2)

Summary of facilitators reports. (2)

Discussion of QC-QA Process.

Road map review, list of attendees, general discussion.

Need to have things explained at the basic level. Most have limited knowledge. Basic grass
roots level session is critical to get buy in.

Dr. White’s expertise in the subject area. Excellent teacher and has answered many

questions.

I was able to understand where we are.

* Case histories and state reports.

Learning about a new tool that will be part of future construction.

General information, knowledge gained.
* Information to take back to my state.

What was the least useful part of the workshop?
» Working sessions.
* Difficult question to answer. Narrow in on goals.

¢ Discussion needs more decision maker influence.

State DOT briefings. (2)

Hour long lunches, try to use working lunch format.

* Mars presentation, lots of fun and I enjoyed it but did not contribute substantially to the
topic of IC. (5)

* Guest speakers were interesting but not very useful. (2)

* Presentations not useful in my field (unavoidable because of the diverse amount of people).

Day 1 presentations.

Some theoretical and mechanical analysis of IC test results.

Some of the manufacturers’ presentations seemed a little long. At the working sessions
several of the points seemed to be brought up over and over and although the discussion
was helpful sometimes, it would have been better to move on.

Some of the spec writing process/aspects were repetitive.

* The lack of forward progress by individual DOTs, barriers of IC technology.
What suggestions would you make to improve the next workshop?

* More reports on demo projects or visit demo projects. (5)

* There was mention of comparisons between blind compaction and IC compaction, a



presentation on this would be interesting; more interesting presentations on cohesive soils,

non-uniform soils.

* More hands on items manufactures having demos of their equipment even just a simulator
would be great, videos of the pilot projects.

* Provide presentations on each step of the process ending with an overview or report on a

demo project.

* Have separate breakout sessions for 1. State DOTs 2. Contractors 3. Equipment vendors 4.
Software and then each group present their major concerns.

* NCHRP results of effort?
* Contractor participation. (4) The voice of the industry needs to be vocal.

* What is the military doing? How does immigration input current understanding of tech.
advancement?

* February or early March meeting should involve more contractors. (2)
* Include designers, executive level management; cleaner vision of intelligent construction.
* Review what milestones from the first and second workshops have been completed.

* Suggest to presenters to provide some energy, some on the first day were hard to
concentrate on.

* Focus on a few topics to narrow the scope; eliminate HMA and machine guidance.

* Some breakout on the first day; long first day for out of state folks.

Include a portion summarizing findings from current and completed research, pooled fund
studies, NCHRP, AASHTO, etc.; case histories from states who have tried IC projects and/

or demo projects; tt would be useful to have more contractors opinions.
* Have more facets of those involved represented from design to contractors to QA.

* More question and answer like working sessions but with the whole group.

Another workshop would be very helpful. The networking/partnerships is needed and

important.

What was learned over the summer? Need to go over the 4 material properties and how
they relate to each other (everybody needs basic training).

If we can see how we advance these, especially action items, it would be good.

I think it might be nice to divide one of the days (1st day) and technical forums into IC
related to soils and IC related to HMA. IC can be used for both purposes, but IC for soils
is so much further along than IC for HMA, so we kind of need to address that.

* Maybe more time for state DOT briefings. Would be good to have more technical
presentations, perhaps an overview of a project in depth, i.e., start to finish,
implementation, technologies tried, lessons learned.

* AV equipment needs help! Sound, microphones, pointers, etc.
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* Compress info into 1%5-2 days; maybe one overnight. (2)
* Technical presentations on machine values and correlations, equipment limitations.
* More technical in nature to highlight the research work.

Additional Comments

* Many thanks to all other organizers and contributors and Iowa DOT for financial
contributions!

* Thank you for your time and effort put towards this workshop.
* Just continue.

* Appreciated the PF groups paying for this workshop and our ability to be here. If IC
doesn’t move forward over the next year, and I think it will take our contractors efforts to
push it, 'm not sure Missouri DOT has much input to the process. We will disseminate
the information through the DOT and see what happens. Thanks for the opportunity; you
put on a first-class workshop.
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