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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)

hMEEN

Education/Training

Report of the Workshop on Intelligent Construction for Earthworks

xiii



Report of the Workshop on Intelligent Construction for Earthworks

Xiv

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 1C
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, lowa 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 Sandstrdm, 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.

Y1 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

. . Performing
Project Title Sponsors G naaiation
2003 Exploring Vibration-Based Intelligent Soil Compaction Oklahoma DOT, FHWA University of Oklahoma
2003 Intelligent Compaction: Overview and Research Needs FHWA Texas A&M University
2004 Field Evaluation of Compaction Monitoring Technology: Phase 1 lowa D.OT’ FHWA, lowa State University
Caterpillar, Inc.
2005 Continuous Compaction Control MnROAD Demonstration Mn/DOT CNA Consulting Engineers
2006 New Technologies ar.ld Approaches to Controlling the Quality of Flexible TAOT, FHWA Texas AGM University
Pavement Construction
2006 Field Evaluation of Compaction Monitoring Technology, Phase 2 lowa DOT, FHWA lowa State University
2006 Advanced Compaction Quality Control Indiana DOT, FHWA Purdue University
2006 Intelligent Compaction and In Situ Testing at Mn/DOT TH53 Mn/DOT CAN Consulting Engineers
Field Study of Compaction Monitoring Systems: Self-Propelled Non- . R
2007 Vibratory 825G and Vibratory Smooth Drum (S-533E Caterpillar,Inc. lowa State University
CAREER: Geo Works: Multidisciplinary Design Studio Fostering Innovation National Science
2007 and Invention in Geo-Construction through Research, Development, and ) Colorado School of Mines
; Foundation
Education
2007 Field Validation F)flntelllgent Compaction Monitoring Technology for Mn/DOT, FHWA lowa State University
Unbound Materials
2007 Preliminary Field Investigation of Intelligent Compaction of Hot-Mix Virginia Department of Virginia Transportation
Asphalt Transportation Research Council
2008 Intelligent Compaction Implementation: Research Assessment Mn/DOT, FHWA University of Minnesota
2008 Field Evaluation of (S-563 and (S-683 Vibratory Smooth Drum Rollers Caterpillar, Inc. lowa State University
2008 Demonstr'atlo‘n of Intelligent Compaction Control for Embankment Kansas DOT, FHWA Kansas State University
Construction in Kansas
2009 Implgmeqtatlgn of Intelligent Compaction Performance-Based Mn/DOT lowa State University
Specifications in Minnesota
. . ) Colorado School of Mines,
2009 Intelligent Soil Compaction Systems NCHRP lowa State University
. Evaluation of Intelligent Compaction Technology for Densification of ) Applied Research and
Active WisDOT .
Roadway Subgrade and Structural Layers Associates, Inc.
Active Development of Soil Stiffness Measuring Device for Pad Foot Roller Colorado DOT, Mn/DOT, Colorado School of Mines
Compactor FHWA
Active Intelligent Asphalt Compaction Analyzer Oklahoma DOT, FHWA University of Oklahoma
Active Investigation of Intelligent Compaction Technology DelDOT University of Delaware
Active | Intelligent Compaction for Evaluation of Geogrid-Reinforced Base Material | Tensar International Corp. | lowa State University
Accelerated Implementation of Intelligent Compaction Technology for The Transtec Group. Inc
Active Embankment Subgrade Soils, Aggregate Base, and Asphalt Pavement FHWA Pooled Fund Study . p., v
) lowa State University
Materials
Active’ | lowa DOT Intelligent Compaction Research and Implementation lowa DOT 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,'® 4 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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Common Themes from Panel Discussion Session

Report of the 1. High level of interest from the state DOTs in further studying opportunities to implement IC.
WorkShOP on |I'It6||lgellt comPaCtloﬂ for Soils and HMA 2. Implementation strategies need to build on existing information and past research.
ER08-01 AP 006 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.

f::.:"(")m :[.'.'y'.'« @ 2. Demonstrate benefits of IC through demonstration projects.
jod 3 3. Promote partnership as key strategy to implementation.
n
“3
e
g AN
Hard subsurtace
1 irough suiece 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
+ Need education/training materials « Widespread implementation of IC
« Innovative IC and in situ testing (=chicicaies
equipment « High quality database of correlations
« IC technologies provide documented « Several documented successes for cohesive/
0 4 8 1216 benefits (smooth drum - granular) stabilized/granular/HMA
Transverse Length (m)
+ Great potential and some limited suc- « Better understanding of roadway perfor-
cesses for cohesive and HMA mance - what are key parameters?
« 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 i
E E Rc Ctre TOWA STATE UNIVERSITY 5 fova Department o )
EARMWORKS ENGInGERNG o OF SCIENCE AND TECHNOLOGY ' of Transportation + Increasing acceptance/GPS infrastructure plans with improved processes, efficiency

stor Tansporcton
Research ond Educalion P N and performance
for hine

« Real-time wireless data sharing

+ “Don’t know what we don’t know”

d archival and visualization software

Top 10 IC Technology Research Needs « Improved analytical models of machine-

ground interactions

Need ion studies i il granular, HMA, etc.) (136)

Ecucation taihinglatetalan e (i) Strategies for Moving Forward

Moisture content (influence + measurement) (61)

Integrated design + real-time data transfer (57) « Participate in partnerships for IC research and information exchange regionally and nationally

Case histories + demos + benefit + successes (48) osenecoctisonicinplanentation

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

Engineering parameter to measure (density, modulus, stiffness, core mat temperature)? (47)

Addressing non-uniformity (34) « Participate in IC conferences/studies and the annual EERC Workshop
Establishing QC/QA framework - statistically significant (28) « Participate on EERC Scientific and Policy Advisory Council (35 members) - IC and other issues

&E S e e e

Measurement influence depth? (19) « Stay (onnectediSubscflbe to EERC Tech'nlcal 'Bulletlns, Te(h'Tvansfer Summaries, Technical
Reports, Educational Videos, etc. (www.intelligentcompaction.com).

10. Py ti d technical til 13,
romoting good geotechnical practices (13) « 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.)

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

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 Traffic 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
specz'ﬁmtz’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) (with r>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 0.95 x QA-TV
Maximum MV < 150% of MV at 0.95 QA-TV
;%;Y 1_333:/‘(’): ; Itcnr\r{;\;ﬁl 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-MYV 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-MV 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 N 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
©) BMV<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, . v) “I'weak” areas > QA-TV accepted
~ 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 | 1l
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 \ N
.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 (a, £ 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 Pass calibration 5 L QA-TV R
e > ) HFail <
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
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Welcome and Workshop Mission

Sandra Larson

lowa Department of

lowa Department of

Intelligent Construction

o Earthworks

WELCOME!

Sandra Larson, P.E.
lowa Department of
Transportation

’#\ lowa Department
“agp’ of Transportation

Workshop Mission

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

* ....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.

lowa Department of

lowa Department of

Attendance #'s

» State DOTs (16 states)
* Industry/Manufacturing (10 companies)
» Contractors (7 companies)

 FHWA, NCHRP, US Army Corps of Engineers,
lowa AGC, APAI, ENR Magazine

» Consultants (2 companies)
* International (Japan)

» Academics (4 universities)
» ~100 attendees

Thank You!

Why are we here?

John Adam, P.E.

lowa Department of
Transportation

lowa Department of

Intelligent Construction
Technologies
lowa Department of
Transporlition
Intelligent Intelligent Paving
Compaction: S — Real-time
2009-2010 Thickness
Research Initiative Measurement and
with EERC at ISU “Stingless” Paving

Automated Machine Guidance
-Its Status at the lowa DOT

« Primary Mission: Use in 95% of earth-moving projects as
standard operating procedure.

« Developmental Specification being used.
» Electronic files made available with bid packages.

« Files now cover 90% of grading surfaces (work toward
100% coverage is on-going).

» Checks & balances: Traditional survey & hubs.
e Current & future goal: Continuous improvement in

cooperation with contractors and researchers (AGC and
lowa State University - CTRE).
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2009 Intelligent Construction Workshop for Earthworks
Welcome and Workshop Mission

Sandra Larson

partment of

lowa Department of

Intelligent Compaction Initiative

Goal: to successfully implement intelligent compaction
technolo(?ies through research and training that leads to
improved road building quality, efficiency, and cost.

Primary Tasks
— Detailed demonstration projects (3 in 2009) for soil and HMA
— Develop framework for IC database

- (Czrg%t)e pilot Developmental Specification and let project(s)

— 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,” IHRB Project TR-538

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




David White
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2008 Intelligent Compaction Soils and HMA: Review of Workshop Outcomes

David White

IOWA STATE UNIVERSITY

Civil, Construction & Environmental Engineering

Hard Work, Fun, New Partnership...

2008 Intelligent Compaction Soils and HMA:
Review of Workshop Outcomes

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

April 14, 2009

[OWA STATE E E RC

UNIVERSITY s

www.ccee.engineering.iastate.edu

Dream it, Design it, Build it.

Workshop Overview Workshop Objectives and Vision

Reportof the
Worksh dHMA
panie et

2.5 day event in Des Moines, IA in
April 2008

~100 participants (State DOTSs,
FHWA, Contractors, Equipment

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

Manufacturers, Academics)
*  $SS provided for State DOTs
¢ Technical Session, Breakout

Working Sessions, Panel

Discussion, Group Exercise

*  Next Meeting Planned for April
14-16, 2009

intelligent compaction technologies

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

* How did we do it?

http://www.ctre.iastate.edu/reports/intelligent-compaction-wkshp.pdf

Day 1 - Technical Presentations Technology — What is IC?

Intelligent Compaction for Soils and Aggregate — Dr. David J. White
Intelligent Compaction (IC) for Hot Mix Asphalt (HMA) — Lee Gallivan
Automated Technologies in Construction — Dan Streett

Earthworks Engineering Research Center — Dr. David J. White
Intelligent Compaction at MnDOT — Glenn Engstrom, Craig Collison, and
Art Bolland

6. European Experience with ICS — Francois Chaignon

7. Intelligent Compaction for Soil and Asphalt — Dean Potts
8.  Asphalt Manager Intelligent Compaction — Chris Connolly
9
1

Bomag: Ey

uRwN e

Case/Ammann: k,

Caterpillar: CMV,
RMV, MDP

. Intelligent Compaction for Soils & HMA — Stan Rakowski
0. Evaluation of Highway Subgrade Strength with Acceleration Wave of the
Vibration Roller — Stan Rakowski
11. Intelligent Compaction ...GPS-based Compaction Control — Kirby
Carpenter
12. Intelligent Compaction — Khalil Maalouf
13. Intelligent Compaction: Where we are at and where we need to be —
Brett Stanton

14. Facilitator Report — Discussion — Tom Cackler, Ed Engle, Heath
Gieselman, Lisa Rold, Douglas Townes, David White

Dynapac: CMV,
Bouncing Value

' Sakai: CCV

Report of the Workshop on Intelligent Construction for Earthworks
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2008 Intelligent Compaction Soils and HMA: Review of Workshop Outcomes

Measurement Influence Depth

David White

Repeatability / Reproducibility of IC-MVs

Subsurface
Layer(1)
(Thurner and Sandstrom, 1980) ~
ASPHALT Regionof soft
- condition refiecting
uough surface
. compaction ayer
3
So = Hardsubsurface ayer
5 refectingeough surtsce
s GRAVEL
H
cwo
S
3
H
g
-
8 o e
suesoiL
w
Aggregate Base — Base Layer2 (6 inches) )
0 a
Distance (m) Aggregate Base — Base Layer2 (6 inches) [J

Correlations - In-Situ Testing Equipment

Spatial Comparison

Spot
* Tests
DCP Index
(mm/blow)

Longitudinal Length (m)

COV =86%

0 4 8 12 16 0 4 8 12 16 0 4 8 12 16

Transverse Length (m) Transverse Length (m) Transverse Length (m)

White et al. 2009

180 Low Amp
150 | a=070mm a=0.85 mm|
5 120 -
2 o - %
2
o 60 P
30
0
o 5 10 15 20 25 30 3 40 45 50 55
Distance (m)
180 . pe
+ Pass13,a=085mm MDP
160 + Passi14,a=085mm
>
3

PN

4 8 8 10 12 14 16 18 20 22 24 26 28 30 32
Strip Length ()

o

ﬁi 2,
O 140 ‘l' 3
L

Correlations to LWD/FWD/Dry Density

300-mm FWD 200-mm Zorn LWD Dry Density

80 Tane derramm 00 = O Tenederimmn 1600, Lane 4 a=107mm z

o0 [ bo T e S <R 2 -
3 w0]n % %4 w § H
© 120 § O ¥ )

20{ oo 60 g =

60 uf 0 2
0 0 0

0 10 20 30 40 50
Distance (m)

More in NCHRP 2109 (in review), FHWA IC Pooled Fund Study (on-going), Mn/DOT studies

Optimizing Construction Process

Cuy<sgsds  CW<s0=50
=521 =534

o258 o
Sov=10s Sovire

Characterizing Uniformity

B ; .
£ Using Geostatistics
L]
3
H oo
§ Better*
§
o ns e s by g =
Transverse Transverse rar Transverse >
Distance (m) Distance (m)
T

a=60.0,02%0

Lag Distance

as30.Cocets |
oo eoverorosssaoovosss N
—— GV Catbration
s

o 1 2 N @ 0
‘Separatin Distance (m)
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Intelligent Compaction (IC) Benefits of 1C for HMA

ot Mix Asphalt (HMA) L

= Improve density....better performance
= Improve efficiency....cost savings
= |[ncrease information...better QC/QA

. Federal Highway Administration
" Federal nghway

@ 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

2008 ITowa Workshop
Dan Streett, PE & LS
New York State DOT

Intelligent Compaction at MnDOT

Glenn Engstrom, Craig Collison and Art Bolland, Mn/DOT
April 2, 2008
DesMoines, Iowa

o
c
o

=
©
=
c
(]
w0
(]
=

a

%)
(]
£
o
o
)
>

O
Q
[}

<
[

=
F=

2

[
o
=

g
>
[}

o

<

=
ag
el
c
©

i)
S

(%]
c
.2
=]
v
©
Q
S
(o}
O
-
c
v
2
]
=
5
29}
(=}
o
(o]

Report of the Workshop on Intelligent Construction for Earthworks

17

David White




o
=
o

=]
©
=
=
(]
w0
(]
=

o

wv
(%
1S
o
o
)
>
@]
a
[9)
=
w
=
2
o
9]
2
g
>
[}
o
<
=
I
°
(=
©
i)
k)
(%]
=
S
=
v
©
a
g
S
O
-
c
()
2
o]
2
5
<)
]
S
o

David White

Report of the Workshop on Intelligent Construction for Earthworks

18

2008 Intelligent Compaction Soils and HMA: Review of Workshop Outcomes

David White

Evaluation of the highway subgrade
strength with the acceleration wave
* of the vibration roller
L

Japan Highway Public Corp., Y. Kitamura &
K. Fujioka
Sakai Heavy Industries, Ltd., K. Uchiyama
Fudo Construction Co., T. Nishio
Hazama Co., S. Nakajima

* Density by nuclear Gauge & CCV

; T 2.0
i m———
el
Cr ]
AL 19 ~
i 4
£
£
s
[
17 2
S
=
i i a
—@®— CCVinSec. A _m— CCVinSec.B L6
~O- Dry density in Sec. A =T~ Dry density in Sec. B

> 4 6 8 10 12 14 16 18
No. of Roller Passes

Intelligent Compaction
for Soils & HVIA

keomiskd

Yoriesnoo

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

« Haskell Lemon (Construction)

« University of Oklahoma (Pl)

« Volvo Road Machinery (Sponsor)
* E.S.T. Inc. (Testing/QA)

* FHWA Award: $200K

23 20

Volvo Construction Equipment Intelligent Compaction, IA presentation @
2000-04-

Intelligent Compaction

23. & 24. January 2008, Dallas TX
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L= N~ ACEZs. BOMAG

ACE;: Compacted Soil
Different Subgrade

Well compacted Soil
.. B s
St % - niearverlef

B

Asphalt Manager

Intelligent Compaction

“\, ASPHALT-
< MANAGER

Best for

COMPACTION

@ 23. & 24. January 2008, Dallas TX AMMANN

25 Slide 26

BDMHG Current Developments

Asphalt Manager + BOMAG GPS System

Intelligent Compaction
for Soil and Asphalt

+ Surface covering compaction control on
asphalt layers

* GPS receiver

* GPS reference station

* Roller PC for data managing and
graphical representation of roller position
and stiffness values

« Position accuracy: better than 10 cm

« CAD based evaluation program

Dean Potts - Engineering Manager
Advanced Design Group

Radio \

Display

GPS Receiver

INTELLIGENT COMPACTION

Where we are at and where we

Report of the Workshop on Intelligent Construction for Earthworks

Controllers
need to be.
Slope Sensor
Accels te
ccelerometer PAYNE & DOLAN
5 INCORPORATED
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2008 Intelligent Compaction Soils and HMA: Review of Workshop Outcomes David White

Day 2 - Working Sessions

INTRODUCTION
* |IC for Soils and Aggregate

CONTRACTOR’S DEFINITION: * IC for HMA

Intelligent compaction is a compaction system * Implementation Strategies
that allows increasing productivity while

: . Equipment . Specifications
g decreasing risk. Knowledge Gaps Advancements Educationand T2 - ' “ o
= REGULATORY AGENCY'’S DEFINITION: N
g ] o Outcome: Develop a framework to move intelligent
= Intelligent compaction is another means of compaction/machine control forward into the
§ measuring and recording the quality of mainstream of highway construction.

compaction during the construction process.

Identify Strategies to Action Successful
Constraints > Overcome ™= Plan/Tasks P Outcome

31 m z
I ——

Summary Points Summary Points

Table 2. Summary of main IC technology research needs Table 3. Summary of common themes from panel discussion
1. Need correlation studies (cohesive, stabilized, granular, HMA, etc.) (136) 1. High level of interest from the state DOTs in further studying opportunities to implement IC.
2. fon/training ials and p (112) 2. Implementation strategies need to build on existing information and past research.
3. Moisture content (influence + measurement) (61) 3. Specifications for IC and in situ testing should not restrict manufacturer/equipment devel-
4. Integrated design + real-time data transfer (57) Reedlinovations;
5. Case histories + demos + benefit + successes (48) G (e el SELC RO el e i sl
6. Engineering parameter to measure (density, modulus, stiffness, core mat temperature)? (47) 2ndin sy QEOA TESHG:
7. Addressing non-uniformity (34) Table 4. Summary of common themes from the group implementation strategy session
9. Measurementinfluence depth? (19)
10. Promoting good geotechnical practices (13) 1. Develop IC training and certification program.
2. Demonstrate benefits of IC through demonstration projects.
3. Promote partnership as key strategy to implementation.

Summary Points Summary Points

Table 5. Summary of key points

Where we are going:
Table 6. Strategies for moving forward
« Lack widely accepted IC i ions in . lized and credible IC specifications = =
us. inclusive of various IC measurement systems Strategies for Moving Forward

« Need education/training materials Widespread implementation of IC

technologies « Participate in partnerships for IC research and il i i and nati
« Innovative IC and in situ testing
equipment « High quality database of correlations + Bean advocate for IC implementation
« ICtechnologies provide documented « Several documented successes for cohesive/ + Contri to problem for NCHRP, TRB, FHWA, AASHTO, ASCE Commiittees
benefits (smooth drum - granular) stabilized/granular/HMA . B .
« Participate in IC conferences/studies and the annual EERC Workshop
« Great potential and some limited suc- « Better understanding of roadway perfor-
cesses for cohesive and HMA mance - what are key parameters? « Participate on EERC Scientific and Policy Advisory Council (35 members) - IC and other issues
« Poor database for IC proj- . ive new sensor systems and intelli- « Stay d: Subscribe to EERC ical Bulletins, Tech Transfer Summaries, Technical
ects and case histories gent solutions Reports, Educational Videos, etc. (www.intelligentcompaction.com).
« Initiated human IC network o and ible 3D + Develop a comprehensive and strategic IC road map for research and educational/technology
plans with improved processes, efficiency transfer

and performance

for stakeless grading/machine guidance

B Do TKnow what weldonKknaw Real-time wireless data sharing

Enhanced archival and visualization software

Report of the Workshop on Intelligent Construction for Earthworks

Improved analytical models of machine-
ground interactions
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Road Map Strategic Vision for Technology Implementation
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IC Road Map Research and Educational Elements
p EERC
) Facilitios
[Mobile Lab]
EERC o
G sl o eaining]  [PToPos0d $0.8 millon internations Mobile Lab]
e EERC
i i course. Geo-ConE Degree
toresearch lements 2 throughs. L TAcademic Program]
2 e et e
elactionsf %)
Breaktough ¢ EERC
= pe Imovation () Proaucts
. § ;| =" [renropors
i rsear e il g o s et a5 2 remer R
his esearch lement e o research element 1,4, an fsande g [ FyportextVideo Web
= Jea e envisioned Technology & Reakime EERC Anmual Workshop
X o -
st shn Con developed. System Integration { #us icmme | Loverage Funding
& + i Specfcatons | Trainingiortfcation
" i ' Top. tudents.
Pnllwfhann i 1O egrated (
morescarchelement 1, 4and5. | groundworkforbetterunderstandingthe relationshipsbetween thecharsctersticsorene | | ok S ste  Reeoee) esearch Areas
" h Training/Education Research Area
g i b |- Machine-Ground Interaction
oo | intetligent Compaction/AMG
jisualizatior In-ground tion
Test Equipment Development
5. iz tistic it
=5 $2.2 Trillion U, \ T [ re erevomemiemasiouion
Nano to Large Scale
10, Infrastructure EERC N o deing
Investment Needed ResearchiCollaborati | Geomechanics
5 e (ASCE, 2009) [State DOTs, NCHRP, FHWA, Industry]
e 5,0nd.

. _________________________________________________|]
2009 Working Session Topic Areas

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

¢ Topic #2 — Automated Machine Guidance — Discuss existing
knowledge gaps? Equipment/software advancement needs?
Educational/training 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 geotechnical/earthworks.

Note: Sign-up for two of the three topic areas (~30 per session)

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

Gary Anderton

Joint Rapid Airfield Construction (JRAC) Briefing Outline

The U.S. Military’s New

Approach to Contingency * The Problem
Airfield Construction
* The Solution

Intelligent Construction for
Earthworks Workshop « JRAC Technologies

- s April 14-16, 2009 » Final Demonstration Project

Dr. Gary Anderton o 3 o
Sy —— » U.S. Military’s Worksite of the Future

Airfields and Pavements Branch 3 .
Chief : * YOUR Worksite of the Future

U.S. Army Engineer Research and o .
Development Center S & = 3 3 * JRAC Web Site

US Army Corps .
of Eng;:eer:’ Engineer Research and Development Center

The Future Force Projection Challenge

“We intend to transform the Army..:tosput a combat brigade anywhere
in the world in 96 hours-omcewe have received ex
gl ¥ \
division on the groundiin-<#20°hours, and five divisions=in 30 days.”

Army Chief of Staff,’Address rol the Eisenhower Luncheon, 45th AUSA, 12 October 1999

“The combination of multiple entry points and direct deployment to
objective areas changes the geometry of the battlefield, reduces
vulnerability to enemy long range fires, compels the enemy to
respond to many simultaneous threats, and eventually achieves the

NG operational momentum requirgg,’\as.
/ “Google ““Google

TRADOC PAM 525-3-1 Oct 2006

Pointer lat -14.945485° lon 48.210259°  Strea 1111111]_100% Eye alt 724591 mi Pointer lat -14.945485° lon 48.210259°  Streaming |||[||l||| 100% Eye alt 7245.91 mi

“Daploy anywnars, anyiimsa”

omited Aireratt Available Joint Rapid Airfield Construction (JRAC)

Problem: Multiple contingency airfields needed for Future Force deployment.

No capability to adequately assess/select potential airfields sites without committing excessive
personnel, time and equipment

Current contingency airfield construction is based upon cumbersome heavy equipment
capabilities
Limited Airfields Available «  No rapid-curing, low-dosage soil stabilization capabilities and no sustainable light weight airfield

J C matting systems exist in the military

Stryker Brigade (96 hrs Division (120 hrs
- 3900 personnel . - 3-5Brigades

+ 15,000 tons of supplies % - 10,006 20,000 personnel

« 250 C-17 sorties & +60,000 - 75,000 tons of supplies

+ 750 - 1250 C-17 sorties

“Deploy anywhere, anytime”

. ) - 1 o | o -
_r. nneréenc pf UDJ elins oY Sone Engineer Research and Development Center

of Engineers,
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ary’s New Approach to Contingency Airfield Construction
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Joint Rapid Airfield Construction (JRAC):

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

int Rapid Airfield Construction (JRAC)

Solution: Provide an integrated systems approach to contingency airfield
construction by integrating state-of-the-art technologies into the site
selection, site assessment, earthmoving and stabilization phases.

Remote Site Selection/Design Expedient Site Assessment
: r - o

3 g
Force Projection through
Rapid Expeditionary Operations|

Battlefield Dominance.
Through Overwhelming
Deployment Options

Defeats Enemy
Anti-Access
Tactics

Enhanced Construction Teéhnologles Rapid Stabilization

US Army Corps

of Engineers,, ineer Research and Development Center

Remote Site Selection/Design

Mission Planner tool is populated with
geospatially-referenced airfield files to
guide user to existing ds.

Airfield imagery is referenced to

(58 e v s s photos, reports, PCI, etc.

P

R

—
omm

Geometric design tools
have existing criteria built
into simple drag-and-
drop design applications,
and allow for custom

| geometric designs.
Runway orientations can

|| be changed on the fly.
Airfields can be

| repositioned in virtually
any XYZ position to
balance or minimize cut
and fill.

View Video

US Army Corps

of Engineers,) Engineer Research and Development Center

Enhanced Construction Technologies

Equipment add-on modifications with radio network and office management
system for real-time construction monitori

US Army Corps

of Engineers,) Engineer Research and Development Center

Gary Anderton

Increase Maximum On the Ground (MOG) by Two

Current Methods - 14 Days

S G NN

> Site Recon> Construct> Strengthen > 2:_?:::

™

gi Innovative

Design an Material

Construction
"N

Receive
Aircraft

JRAC - 2 Days!

US Army Corps

of Engineers, Engineer Research and Development Center

Expedient Site Assessment

Rapid Assessment Vehicle —
Engineer (RAVEN)

Real Time Kinematic (RTK) Global
Position Satellite (GPS) Surveying
Dynamic Cone
Penetrometer (DCP)

Rapid Soil Test Kit = -
Quality Control/Quality Assurance (QC/QA) Kit

US Army Corps

of Engineers, Engineer Research and Development Center

Intelligent Compaction

Dr. David White helped to bring
Caterpillar’s intelligent compaction
system to the JRAC Demo project in
Australia. Real-time soil stiffness
indices along with GPS location
information greatly improved compaction
efficiency.

O
3-D, real-time augmented reality
overview (l) and cab view (r)

[S—

US Army Corps

of Engineers, Engineer Research and Development Center




Joint Rapid Airfield Construction (JRAC):

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

Rapid Low Logistics Stabilization

Stress-Strain Response of Soil vs. Soil-Fiber-Cement Fibers and cement can be applied by hand
-

Soil + Fiber
+ Cement

Polymer cap for moisture
protection and dust proofing

Polypropylene Fibers

US Army Corps

of Engineers, Engineer Research and Development Center

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

US Army Corps
of Engineers,

Engineer Research and Development Center
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Making Our Own Fun in the Outback

Texas Hold’em Tournaments at the
Timber Creek Casino

=
Survivormen Claude and Dave
attempting to make fire the aboriginal

-

US Army Corps

of Engineers, Engineer Research and Development Center

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

US Army Corps

of Engineers, Engineer Research and Development Center
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Joint Rapid Airfield Construction (JRAC):
U.S. Military’s New Approach to Contingency Airfield Construction

Gary Anderton

Jnﬂ( il '~ ,ziJomt Rapid
e S Alrﬁeld'tonstructlon

-Contingency Airfield Englneerlng Solutions

Joint Rapid Airfield Construction

JRAC News j i Links & Downloads
2005 Researchers Meeting “The technology to go anywhere in the world on very short notice.”

Presentations have been posted.

ary’s New Approach to Contingency Airfield Construction

Download the
The new JRAC work unit plan for FY06
has been posted

The JRAC Overview presentation gives
e the overall mision for JRAC Y
featured on the Armed Forces Television e s C.

u
e A o 2 ) )
Networks Army En //vs;;}“d?resgqment - +- View the JRAC archives for previous Q u estl o n S ?
“Four Days To Touchdown® s the e e year web postings f
Prep Magazine article featuring the

View the JRAC products page to see

monstration. reports and other documents.

"Technology In Constru(tlo the
ed in Construction
Vehicle Engineer
Dr. Garvnn S Pro]ect Managerfm product that provides numerous
JRAC wrote an arti capabilies,
American Miltary Engine ME). .

JRAC Demo Project at Ft. Bragg's
ALZ

JRAC Web Site

https://jrac.erdc.usace.army.mil/ s c
/ i :' E,:,;Tnye;srps Engineer Research and Development Center

Report of the Workshop on Intelligent Construction for Earthworks
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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
Civil, Construction & Environmental Engineering

Premise

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 J. White, Ph.D.
Pavana KR. Vennapusa, Ph.D.
Rachel Goldsmith

IOWA STATE
UNIVERSITY Luke Johanson
ERRE A

Dream it, Design it, Build it.

www.ccee.engineering.iastate.edu

Caterpillar:
CMV, RMV, MDP

Dynapac:
CMV, Bouncing Value

Bomag: E,

Sakai: CCV

Volvo: CMV

Technology

Interaction | operating soil | roller [ dum
drum motion drum-soil condition soil contact force czc stiffness | speed az::-

continuous CONT.
contact CONTACT @ yes low fast small

g PARTIAL
2 £ UPLIFT yes
3 H
£ g
3 H DOUBLE o
H JUMP y
o
3
2 [Nk 1T fief 1T
2 ROCKING
g MOTION llllll no
chaotic || non-periodic [ CHAOTIC no high | slow | large

loss of contact|  MOTION

Summary of operating modes (from Adam and Kopf 2004)

IC measurements are empirically related to in-situ point
measurements (y,, w%, DCP, E,p, Epyyp etc.) and influenced by
roller size, vibration amplitude, vibration frequency, velocity, soil
type, and soil stratigraphy.

IC Measurement Values

Roller-Integrated Measurement Features
e [ R Fecdback Control
o gl L ML cos(@)) Adjusts amplitude
Ammann G a0 By
. _U-v)F 2] L)
“=E L ow 'l\l B854 Kl /I Adjusts amplitude
Bomag direction on the
where, B = drum
GeodynamikCMV
I Adjusts amplitude
Catepilar - GeodsamikRAY = 225 o e
( \
MDP=P, =WV | sinct+ < |~ (mV"+ b)
\ g)
()
Geodynamik CMV =c'| a2 Adjusts amplitude
Dynapac Ny based on bouncing
Bouncing Value = ‘4“4"’ value
S Cc.,,;[-%,n-*un .4”+Am+.4m] 00 |No
Aot 4,

Influence of Drum Operating Mode

z

CCC-VALUES D4 OF MAX. VALUE]
~|

il | |

Influence of drum operating condition on roller
MVs relative to soil stiffness

Roller MV variation with soil modulus and drum
vibration amplitude

(results of numerical simulations, from Adam and Kopf 2004)
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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 In-Situ Testing Method's
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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

David J. White, Pavana Vennapusa, Rachel Goldsmith, and Luke Johanson
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Mn/DOT’s Experience with LWD Implementation

Rebecca Embacher

Rebecca Embacher and Tim Andersen

Mn/DOT’s Experience with LWD Mn/DOT LWD Standard Configuration

Implementation R
= Currently Support

Zorn LWD
m 27 Zorn LWDs
Intelligent Construction for Earthworks = Standard :
April 14, 2009 Configuration | | P DropHeight:
Sheraton Hotel
West Des Moines, lowa :;l:;s?zvzvf;?m:

Tim Andersen
Rebecca A. Embacher

Loading Plate Diameter:
200 mm (8 in)

Schematic Courtesy of Zorn

LWD Quality Compaction Projects Mn/DOT’s Current Calibration Guidelines

= Submittal
Test Institute (e.g., Zorn)

Number of Projects Unable to pass repeatability testing

2007 Operating parts require
repair/replacement

2008

m Measure stress under the load plate
+Stimulus Package rd Pressure = 0.20 MPz

Force = 6.28 kN
Drop Height ~ 54 cm
Load / Plate = 10 kg / 200 mm

Calibration Issues Repeatability Testing

= Completed:
Annually
Immediately upon receipt of newly purchased device

= Recommended Intervals:

Annually
10,000 measurement, but at least [P oading devics
in every 2nd yr. T — After Calibration by Test Institute

// device being calibrated

T Measurements no longer repeatable or are questionable
ecenreathe

2 Cali ion C T, bedpiee |
m 009' glbratlon osts ! ' :‘7/
Shipping: $1450 T o W = Deflection Range
Calibration: $550 e Polyurethane / Neoprene Pads \
..
v

Refurbishment: $200 0.25 mm, 0.8 mm, 1.5 mm, 2.3 mm g
TOTAL: $2200/Unit D T
Annually: $59,400 )
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Mn/DOT’s Experience with LWD Implementation

Rebecca Embacher

Rebecca Embacher and Tim Andersen

Repeatability Testing Repeatab : All Pa 0
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bhousa |2 [ 43 7% __jox 1907 0001 jard Avcrage Smax-Smin (Smean-Si)
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m Optimum Moisture Content

LWD Test Depth!
Standard Proctor

Granular Soils < one-half lift thickness?

m Seating
Drops 1 -3

nsity Method Granular Base / 0 mm (compaction surface)
a Non-Granular: 1-pt Standard Proctor Density Method Stabilization Layer

Non-Granular Soils m Test:

u PaSSing CompaCtion Compacted with Bottom of deepest indentation DI’OpS 4 —_ 6
$ < 1.10*LWD-TV Padfoot Roller of the padfoot penetration.

Compacted with Compaction Surface (0 mm)
Smooth-Drum Roller

= Re-Evaluate LWD-TV
>20% &'s < 0.8*LWD-TV stso, s

(4

Py

. e Note I— The influence depth is approximately 1 to 1.5 times the plate diameter, consequently, deflection
Consistently Failing Results measurements obtained for lifts less than this depth will
Note 2— Complete test at compaction surface (0 mm) for
http://www.dot.state.mn.us/materi inga ase measurements incr

vz,

b

LWD Target Value Establishment LWD Target Value Establishment

WD — TV = Deflection instead of Modulus Option 1: Calibraticnlesil

= 300 ft x Embankment Width x 4 ft

= Two Options 65% to 95% optimum moisture content
Calibration Areas

Comparison Testing T S ’ LWD-TV = Aé < 10% w/ repeated roller passes

New Calibration Area
+ 2% MC of calibration area
Varying material properties

S0,

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

Rebecca Embacher

LWD Target Value Establishment Positive Characteristics — Inspectors Comments
= Quick & Easy

Option 2: Comparison Testing
= Inspector Remains on Grade

Granular ; _ = Increased Contractor Awareness
o LWD & DCP 2 2 A .
= Increased understanding of WC & processes

Non-Granular | : = Improved Uniformity
0 LWD & Sand Cone &
: = Improved over DCP
Procedure s 3 % o] Quicker
o 6 Comparison Tests P L S I % Contractor better understands results
0 10 LWD Tests (

0 2 Comparison

Reliable Measurements
(e.g., 199 LWD tests out of ~ 200 matched those of the DG}

Troubles / Concerns - \ : What’s Next in Minnesota

= Inspectors Comments

Utility Trench Portability i . .
m Continued Specification Refinement

2 Person Job

Not “light” weight

Water Table Effects

= Elimination of Calibration Areas

Bridging (remove crust on clay prior to testing). = Local Calibration Options

LWD will move if sand is too wet and sloped.

Need to level plate.

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

Thank You!
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Mn/DOT’s Experience with LWD Implementation

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 Quality Control (QC) Requirements

= 2004

District 3, MnROAD . a
= 2005 = Calibration Area

District 1, US 53, Duluth IC-TV & LWD-TV

District 7, US 14, Janesville

District 8, US 12, Atwater
2006 Base Map

District 2, TH 64, Bemidiji Proofing Layers

District 3, MNROAD % 1C-MV of 90% of IC-TV.

Metro District, I-494 Valley Creek Road, Saint Paul 80% IC-MVIiSCREE
2007 = Moisture Control

District 3, US 10, Staples 65% to 95% of OMC

District 4, US 10, Detroit Lakes

District 7, TH 60, Worthington = Weekly QC Report

Metro District, TH 36, Saint Paul Electronic and printed IC-MV
2008 maps

Olmsted County, CSAH 2 Corrective Actions

Kandiyohi County, CSAH 4

District 3, MNROAD

District 7, TH 60, Worthington

= Continuous IC-MV record gnteligent
mpacti es)

Moisture Content Test Results

Report of the Workshop on Intelligent Construction for Earthworks
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Rebecca Embacher and Tim Andersen
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Proofing Layers

Granular Materials
(Meeting Spec. 3149)

Embankment Materials
Height

> 2 feet & < 4 feet mid point & top of embankment
height

Proof Layer Designation

IC Lessons Learned: What Worked

m Real-Time Results
(IC and LWD)

m Increased
Compaction Uniformity
Inspector Safety
Grade Control
Speed Control
Record Keeping
Planning

Lessons Learned: Problems Encountered

m Data Loss
Storage Media not saving roller data.
Stolen Laptop

= Inaccurate GPS readings on IC roller.
m Base stations not correctly setup.

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

= Support and training issues
Manufacturer to the Contactor

Quality Assurance (QA) Requirements

Observation of final proof
layer IC-MV

Review and approve
Contractor’s Weekly QC
Report

Stiffness Measurement
Light Weight Deflectometer (LWD)

Test Rolling @ Top of
Subgrade

Light Weight Deflectometer
(Model: Zorn ZFG2000)

IC Lessons Learned: What Worked

m Operators learn how
to make better
decisions

Pass/Fail Proof Rolling
Moisture Control

Soft areas identified
and corrected earlier

Lessons Learned: Problems Encountered

= Data Management
Massive Data Set
Utilization
Organization
Generates large amounts of printout maps

= Roller Operator Requirements

Increased communication to roller operator is
needed

Computer Literate
Educated Operators
nBored and Loose Interest




Mn/DOT’s Experience with LWD Implementation

Lessons Learned: Problems Encountered
= Data Gaps

m Filtering of invalid data
Operator Screen
Printed Maps
Valid and Invalid data provided in ASCII Files

= Need for certification of devices
Operation Parameters
Repeatability
System working

Ideal Map from Roller

SP 6211-81

INTELLIGENT COMPACTION | sgenc
LLER DA
oo

Potential IC Projects

= 2009
CSAH 22, Olmsted County

Select Stimulus Package Projects
 TH 169 and 1-494
o TH 610

= 2010
CSAH 10, Olmsted County
Paynesville Bypass (TH 23)
Central Corridor (LRT)

Tim Andersen

Lessons Learned: Problems Encountered

= Map Printing
Difficult
Alignment often not included
Includes valid and invalid data

= Too much technology coming too fast!

Lessons Learned: Problems Encountered

= IC Roller is “mapper” not
a “packer”

= Proofing Preparation
Limits ‘Workable’ Areas
Cuts off Haul Roads

Future Granular IC Spec

IC with Test Rolling & QC Testing
o 2 proof layers
+ Base map & top of subgrade
IC with QC Testing
a5 proof layers
a A Ave MV between roller passes on 4 proof layers
a A Ave MV between 3 proof layers
IC with QC Testing
a2 proof layers
IC with out QC Testing
02 proof layers
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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

Goal Uniformity

= Provide incentives & disincentives based on m At what depth does uniformity have no effect on
uniformity pavement life?
= How uniform is uniform? 2 feet ?
SEE 7
4 feet (southern MN frost depth)
6 feet (northern MN frost depth)
+ 10 feet

Report of the Workshop on Intelligent Construction for Earthworks
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Michael Jackson

lowa Real Time Network (lowaRTN)

Michael Jackson

G et RTK-GPS Network Components

+ Base Stations
+ Communication Network

lowa + Servers
Real Time Network
(lowaRTN) | i ;

Wireless

Michael Jackson, P.E. Base 'zlions
Special Projects Engineer 1
lowa Department of Transportation April 14, 2009

RTK-GPS Network Uses Deployment Project Approach

1. Surveying
3 * DOT-Owned, Vendor-Managed

2. Construction
3. Asset Management ¢ Use DOT Facilities for Base Stations
4. GPS/AVL * Use DOT Communications Network
5. Monitoring » Use DOT Central Server Facility

. Agricul 2
6. Agtigulture * Free Access to Public
7. 7777 & Private Sectors

lowaRTN Features Base Station Locations

. Statewide Coverage

The IOWA REAL TIME NETWORK
§o p e |

ACRIE
i i

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

. Precision (1 Sigma)

B W N =

. Open 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
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lowa Real Time Network (lowaRTN)

Project Schedule

January, 2008 -
Contract Executed w/ Leica Geosystems

July, 2008 -

Base Station Deployment Begins
November, 2008 -

Completion of Base Station Deployment
December, 2008 -

Network Acceptance Testing

January, 2009 -
Training

February 2, 2009 -

February 28, 2009 -

Michael Jackson

Project Schedule

lowaRTN activated for use

196 Users Registered
350 Rovers Registered for use

Preparing to Use the lowaRTN

Need a receiver (rover) that, at a minimum, can:

» Connect to the internet via cell phone or cell modem

Note:  The network is independent of cell service provider. Select the provider with
best service in your area!

» Send a NMEA message with account username and
password, or has NTRIP functionality

» Can utilize RTCM 2.3, RTCM 3.x, CMR or CMR+ message
formats

Note:
All users are strongly encouraged to run the most recent firmware for
the rover/equipment they are using.

For machine control (construction and agricultural) or project areas in
cell service voids, solutions exist to provide on-site radio broadcast
of baseline and network solutions.

Please make sure you have a navigated position on your receiver
prior to making connection with the network.

lowa DOT Web Site

(www.iowadot.gov)

BB ABCDEFGHIIKLMNOPQRSTUV
wxvz

g a
tions?
Qi

s
AVATION | % HGHWAY | = PUBLIC TRANSIT | ~ RAL

s B
e
o Cee
T Tr—
=
» Auctions. » Drvers License > lowa's Byways. il
by | st
5 e ses
=
To o Tt

Nov 12,2008 1000 o, maps ndoer

[rSe— [ET——

» Tospurasnmpames > 128 Ipromat Pt viennl
Pogam TS —
» Hesshroner o) o

i ] el S et R

Web Site Index

« RTN (Real Time Network) Road access/curb cut - contact
« Rail crossing - automated horn your District Office

warning o Road closure/construction - 511
« RailHighway crossing « Road closures - national

o Rail maps o Road conditions - 511

o Rail safety « Road conditions, surrounding
o Rail System Plan states

Road construction
Road design detals

Road design tools.
Road-improvement requests -
contact your District Office

« Road-maintenance - contact your

« Rail Transportation, Office of

o Rail Newslatter

« Railroad Abandonments,
Chronology Map (pdf)

o Railroad Abandonment Plans

o Railroad-crossing blocked by a District Office
train o Road rage

« Railroad-crossing signals « Road signs

o Railroad-crossing surface repair o Road signs-New

o Railroad financial assistance « Road Weather Information

o Railroad track safety inspection System (RWIS)

« Real estate and acquisition, sale Road work report lowa
or lease of land and buildings Road work/road closures,

o Real Estate Signs national

o Real Time Network (RTN) « Road work zone safety

, lowa Real-Time Network (1aRTN)
(®) About the 1aRTH
Welcome to the lowa Real-Time
= Network (1aRTH) Web site. The
(%) Time Line. . | lowa Department of
° | Transportation is in the process.

® raa

(%) 1aRTH Registration ofimplementing a statewide,

® office of Desion high-precision global posiioning
: System (GPS) referencing
® auestion and e orc

comments

(%) 1aRTH Spideriveb
(Rinex Downloads)

k map to view IaRTN locations

(%) 1aRTH Smarttiet

i Network Status Network Information 1aRTN Resources
The networkis running.  Register now for an IaRTN account [aRTN Spider\Veb
Temporarilydownon  powered by Leica Geosystems. Rinex Downloads|
Feood 25 208 % lowa DOT introduction 1aRTN Smarthet
% Lica training presentation Information
a\iowa pegartment Policies and Statements | Applets and Plug-ins
o lowa - 800 Lincoln Viay - Ames. 1A 50010
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Michael Jackson

lowa Real Time Network (lowaRTN)

Michael Jackson

lowaRTN Products Schema

apor

o |

oo [Panoon
prTE ey N e

o A oy FrouS WK =
e s sy o )

SmartNet

Please complete the form below. “All helds required

“primary Email: [—
v

secondary contoct: [
B - s—

uipment you wil b

9 on LaRTH.

“Primary Application: Select v
“Type of License Requested: Seect v For licanse informtion click here.

[RTCM 3.1 Nowrest (GNSS) _RTCMI_NEAR Pori 11003 R Nearost GPS)

RICM 23 MAX (GPS) __ RTCNZ_IMAX Port 11004 e Nearost GPS)

lowa Real Time Netwo

IP 165.206.203.10

‘CARP_IAAM — Singl Bassine Correcton for Amas.

IADOT Port Schema Rev 3.0

Contact Information

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)
michael.jackson@dot.iowa.gov

‘&,\Iowa Department
' of Transportation

Questions?

Steps to Network Positioning

Fix the carrier phase ambiguities
between the reference stations.

Calculate the errors
for each reference station.

Interpolate the estimated reference
errors to the location of the rover.

Apply corrections to the data from
the master reference station.

Rover processing to calculate a position.
17

Steps to Network Positioning

RS spierer

Interpolate the estimated reference
errors to the location of the rover.

MAX

Rover
receiver

Apply corrections to the data from
the master reference station.

Rover processing to calculate a position.
18
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lowa Real Time Network (lowaRTN)

MAX Corrections

Auxiliary Reference
Station C.

Auxiliary Reference

rovroor®
a

Auxiliary Reference
ion B

o Network
Master Reference Processing Facility
Station

N

IS

Transmission of raw observation data from the
reference stations to the network processing
facility.

Network estimation process including ambiguity
resolution to reduce the stations to the common
ambiguity level

. (Optional) NMEA GGA position received from the

rover at the network processing facility. The most
appropriate reference stations are chosen for the
rover based on its location.

Formation and transmission of RTCM 3.0
network message using corrections for the
Master station and correction differences for
the auxiliary stations.

Computation of high accuracy rover position
using the full information from the reference
network.

Michael Jackson

Steps to Network Positioning

Rover

SpiderNET

Rover processing to calculate a position.

20

Rover receiver

i-MAX Corrections

Auxiliary Reference
Station C
o

Master Reference
io

)

Network Processing
Facility

N

w

&

o

o

. Transmission of raw observation data from the

reference stations to the network processing facilty.

Network estimation process including ambiguity
resolution to reduce the stations to the common
ambiguity level

NMEA GGA position received from the rover at the
network processing facility. The most appropriate
reference stations are chosen for the rover based
on its location. The master station is chosen as the
reference station closest to the rover.

Leica GPS Spider calculates the network
corrections for the rover and applies them to the
observations from the master station

Formation and transmission of RTCM 2.3 or Leica
format corrections from the master station.

Computation of high accuracy rover position using
the reference network.
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’ lowa Department

P s 200 Y “ap’ of Transportation

IOWA STATE
UNIVERSITY

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

John Jeffrey Hannon
Associate Professor
The University of Southern Mississippi
School of Construction
Hattiesburg//Gulfport//Long Beach, MS

EERC ctre

NI
RESEARCH CENTER

o

The University of lowa
Tiger Hawks
Colors: Black and Gold

The University of Southern Mississippi
Golden Eagles
Colors: Black and Gold

In 2004, lowa claimed that the Southern Mississippi Golden Eagles logo, introduced in
January 2003, was too similar to the Hawkeyes’ Tiger Hawk logo, which has been in
use since 1979. Southern Mississippi denied that there were any significant similarities
and continues to use the logo.

http://www.momentummedia.com/articles/am/am1705/logo.htm

Mississippi Dept. of Transportation— Study No. 214

MDOT Implementation Plan for Global Positioning

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

5.a.i LITERATURE REVIEW
TRB Annual Conference, Wash DC, Jan 09

Workshops/Presentations Attended:

¢ Curtis Clabaugh (WY DOT)-Mapping and Digital Terrain Models for
Project Design

. Kevin Akin (CALtrans)-Bringing Machine Control to California DOT
Caltrans) Construction Projects

¢ Gerhard Pilchner (H.B. Rowe & Co.)-History of Machine Control:
Contractor’s View

. Ron Ciccarone (Rochester & Associates)-Regenerating Digital Terrain
Data for Use with Contractor’s Equipment

. Lance Brown(Kiewit Southern)-Automated Machine Control -AMG

The University of Southern Mississippi

School of Construction

5.a.ii. LITERATURE REVIEW
Collection of Agency Specifications and History

1. CA Dept of Transportation
2. MN Dept of Transportation
3. 1A Dept of Transportation

4. NYS Dept of Transportation

The University of Southern Mississippi
School of Construction

5.a.ii. LITERATURE REVIEW
Collection of Agency Specifications and History

1. Caltrans History 2001-Present

+2001, Technology Introduced/Early Adopters (Vendors/Contractors)
+2003, Machine Guidance Committee
(Designers, Surveyors, Construction, Office Engineers--to
UNDERSTAND the technology as an organization)
-what is it?
-How does it work?
-what does it mean to us?
#2005, 2nd Level Guidance: Director, AGC
+2006, Industry Capacity Expansion Plan
#2007, Pilot Projects
*Currently=> Software Application Change (can't afford everything
wanted)
*Currently=> Organizational Functions/Process Work-Flow Changes
(Create Policy)
Full Adoption

The Univers

*Future=>
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Jeff Hannon, Charles Jahren, and David White

5.a.ii. LITERATURE REVIEW
Collection of Agency Specifications and History

Caltrans Results/Early Conclusions

1.Most Issues Organizational (Change is Required)
* Paper plans (2D) are the legal document
* 3D design files are an INTERMEDIATE product
* Model/digital files not part of bid documents, not required by agency
at bid date
2.Discovered design software application limitations
* Current design software is cross-section based, not model based
(therefore additional processes/work is required)
3.Agency reluctance to provide electronic files
a) additional liability
b) digital translation issues (is there distortion?)
* no single data format
« different triangulation algorithms
< iteration count of translations (XML parser problems)
c) mindset
4.No ROI data (cost savings)

onstruction

5.a.ii. LITERATURE REVIEW
Collection of Agency Specifications and History

Caltrans Results/Early Conclusions

5.Agency Employee Technological Competencies

6.Agency Employee Information handling capacity

7.Caltrans participates on DIFFERENT LEVELS, depending upon
the project/Agency Resident-Design Division(decider), not
mandatory

8.Caltrans uses conventional staking for the agency project
Inspector (not for contractor use), requires contractor to tie
digitally to the conventional stakes.

9.Caltrans ALLOWS on specific projects

5.a.ii. LITERATURE REVIEW
Collection of Agency Specifications and History

Caltrans Definition of Suitable Projects for AMG:

*Design is based upon a Digital Terrain Model (DTM)
*Earthwork quantities constitute a 'major pay item’
*GPS environment is good (line of sight to satellites)

*Required Electronic Files are available:
(CalTrans provides to Contractor so IT can build the model)
a) Original survey DTM
b) Alignments and profiles
c) Cross-sections
d) Contour grades
e) 2D Microstation CAD files

The University of Southern Mississippi
School of Construction

5.a.ii. LITERATURE REVIEW
Collection of Agency Specifications and History

Caltrans Design Software Requirements:

- Integration of 3D model, 2D CAD files, slope stake notes
* Interoperability (Import/Export in standardized formats)

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

The University of

uthern Mississippi

School

5.a.ii. LITERATURE REVIEW
Collection of Agency Specifications and History

CalTrans Pilot Project Results:

-Increased speed of earthmoving

» 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.a.ii. LITERATURE REVIEW
Collection of Agency Specifications and History

CalTrans GOAL of FULL 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
5.1dentify at early stage, projects which should NOT use AMG
6.Assign responsibility for digital file maintenance
7.Mutual GPS calibration at start of projects

8.Agree on Project survey control to be used for life of project

The University of Sou sissippi

School of Constr
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5.a.ii. LITERATURE REVIEW
Collection of Agency Specifications and History

Caltrans 3D Model Bid Packages:

eDigital security/integrity

eLiability waivers

eCopyright protection

eAccountability for digital file management

(revisions, changes, mistakes, alterations, etc.)

The University of Southe

n Mississippi

School of Constru

5.a.ii. LITERATURE REVIEW
Collection of Agency Specifications and History

Caltrans Unresolved:

How to synthesize 3D model, 2D CAD files, slope stake notes??
(information silos)

The University of Southe

n Mississippi

School of Constru

5.a.ii. LITERATURE REVIEW
Collection of Agency Specifications 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

5.a.ii. LITERATURE REVIEW
Collection of Agency Specifications and History

2. Mn/DOT History 2001-Present

‘DOT not ready culturally, legally, philosophically for 3D design’
(Barrett, 2007)

2001 PO069 Software Project (Bentley GEOPAK, 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

5.a.ii. LITERATURE REVIEW
Collection of Agency Specifications and History

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

*Mandated AMG
eDefines type of electronic data (ED) provided by agency
eContractor assumes responsibility for integration of ED with machines
eDefines agency time windows for providing and upgrading ED to
contractor
eWaives delay liability and pay adjustments due to inadequate GPS
signal reception
«Specifies specific GPS hardware contractor can use (2 vendors, others
by Mn/DOT approval/interoperability)
eSpecifies use of Robotic Total Stations (RTS)-No GPS in use
sWaives guarantee of RTS ED (‘for information only’)

*Allows AMG Use
«Mn/DOT does not share ED

The University

5.a.ii. LITERATURE REVIEW
Collection of Agency Specifications and History

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

- The quality of the proposed construction model.
« The ability of the owner to approve and review the design.

« The ability of the operator to accurately apply the design in the field.

Conversely, the lack of tools required to create effective models leads to 3D
Machine Control Systems failure and design workflow change. (Dillingham,
Jensen, & Schulist, 2007)

The University of Souf ssissippi

School of Construct
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5.a.ii. LITERATURE REVIEW 5.a.ii. LITERATURE REVIEW
Collection of Agency Specifications and History Collection of Agency Specifications and History
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IA/DOT DS-01103 Developmental Specification

Jeff Hannon, Charles Jahren, and David White

*Any hardware allowed which meets grading spec tolerances

Electronic Data provided by agency must be integrated by contractor
*Agency provides initial control/translation

*ESM provided in bidding documents

*No guarantee of agency data compatibility with contractor’s data system
*Accuracy liability waiver

3.IA/DOT DS-01103 Developmental Specification 09/18/07 (Grading Only) —1. AGENCY Responsibilities
&
(U] *Amends and takes precedence over Standard Specifications
X . . *Allows AMG
8’ Two Sections: *Plans indicate areas in which (3D) electronic surface models (ESM) are provided by
© agency
= 1.Agency Responsibilities *Areas of project which are not covered by ESM-contractor may model at no cost to
E 2.Contractor Responsibilities agency
&
(U}

i The University

School of School of C:

5.a.ii. LITERATURE REVIEW 5.a.ii. LITERATURE REVIEW
Collection of Agency Specifications and History Collection of Agency Specifications and History
IA/DOT DS-01103 Developmental Specification
—1. AGENCY Responsibilities (cont) IA/DOT DS-01103 Developmental Specification —
a. CAD Files: 2. CONTRACTOR Responsibilities
GEOPAK TIN files representing the design surfaces.
GEOPAK GPK file containing all horizontal and vertical alignment information. *Provides Engineer with GPS rover + 8 hours of training in use
GEOPAK documentation file describing all of the chains and profiles. *Assumes liability for all errors in use of AMG
MicroStation primary design file. *Agency liability waiver for errors during data conversion (between formats,
MicroStation cross section files. transitions)
MicroStation ROW data file. *Daily calibration of equipment
MicroStation photogrammetry and text files. *Meet accuracy and tolerances of the Standard Specifications
b. Machine Control Surface Model Files: *Establishment of secondary control points @ 1000 ft intervals or less by closed
ASCII format. level loops
LandXML format. *Preserve all control points
Trimble Terramodel format. *Set hubs at hinge points of x-sect ML@ 1000 ft intervals or less
c. Alignment Data Files: *Grade stakes at other critical points
ASCII format. *Written Machine Control Grading Work Plan at Pre-Construction Conference
LandXML format. *Bid Item (LS) for GPS Machine Control Grading
Trimble Terramodel format.
*Agency Engineer can spot check and order re-work . The University of S
School of C

5.a.ii. ITERATURE REVIEW 5.a.ii. ITERATURE REVIEW
Collection of Agency Specifications and History Collection of Agency Specifications and History
4. NYS/DOT EI-06-007 REVISION TO STANDARD SPECIFICATIONS: NYS/DOT EI-06-007 REVISION TO STANDARD SPECIFICATIONS:

Section 625 (SURVEY OPERATIONS, ROW MARKERS & PERMANENT SURVEY MARKERS (Allows

+Section 105-10 (Survey and Stakeout) AMG)). This specification is revised as follows:

*To incorporate the use of new survey and automated equipment operations.

eTo incorporate surveying parameters and standards for quality control of «To require the sharing of electronic engineering data, when available, between  the

positioning terrain data, and provide guidance on the appropriate Contractor and Department.

interpretation of terrain data provided in contract documents. * To clarify which survey operations require direct oversight by a licensed Land Surveyor
or Professional Engineer.

eLevels of precision and methods of measurement *To require the submission of a Contract Control Plan at the beginning of a construction

#Sharing of control network contract which describes what control will be jointly used by the Contractor and the
Department for the construction of the contract. The Contract Control Plan is

eSynchronization of survey procedures btwn agency & contractor

«DTM liability of accuracy waiver intended to document which control points, datum, correction factors, and stakeout

methods will be used in the field prior to beginning operations.

*To standardize engineering data processing and formats to promote sharing of ~ that
data between all stakeholders.

*To incorporate the use of CADD applications in the field for modeling construction
features, determining potential conflicts, and calculating quantities.

Report of the Workshop on Intelligent Construction for Earthworks

The University of Sc The University of Sc
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5.a.ii. LITERATURE REVIEW
Collection of Agency Specifications and History

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

Jeff Hannon, Charles Jahren, and David White

Section 625 (SURVEY OPERATIONS, ROW MARKERS & PERMANENT SURVEY MARKERS (Allows
AMG)). This specification is revised as follows:

*To require the sharing of electronic engineering data, when available, between the
Contractor and Department.

“Under this method, all horizontal and vertical control, alignment control, existing terrain
data and proposed design data shall be shared/exchanged electronically and kept current
between the Contractor and the Engineer.

All original active files of electronic contract data shall be maintained and stored by the
Department. Prior to beginning field operations, the Contractor and Engineer shall mutually
determine acceptable uses of and procedures for the technology being used, and how data
can be exchanged for use in stakeout, automated equipment operations, verification and
quantity calculations.

All engineering data shall be stored and shared in Department standard formats, and shall be
derived primarily from the original electronic data provided by the Department.”

The University of S

School of Const
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Participating State DOT Briefings

David Jared, GDOT

David Jared and Brett Dening
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Participating State DOT Briefings

Display

Specifi-
cation

Acceleration
sensor
leftiright

David Jared, GDOT




Participating State DOT Briefings
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Corey Johnson
Solutions Engineer, Bentley Systems

[T
Today’s Agenda

» Creating 3D Model — Geographically Coordinated
— Create HA & VA
— Create Template
— Roadway Designer
— Create the 3D Model
Display Features
— Drive Roadway

|

» Exporting Surface to Machine Control
— Trimble TTM
— Leica GSI
— Topcon TN3
— LandXML
3 Bentley

3
File Edit Element Settings Tools Utilities Workspace Applications Window Help
AP w00 coeoe [ = IS
DY ISP AW

0 v S 2 v dpimer @0 v

S VISl S opy DEfaulls
O AR QCImE A NEIL S

N Cadd Tools ]
12 Survey

28 Geometry

BrO-@~2v &l v

2 site
e - B —— Corey Johnson, Bentley Systems
Q-9 -\ Dt 2% 0[2]3]4]s]e]7]s ——
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iiciae ¢ UES “ o o] DIUCOBY 1om
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Overview of BOMAG IC Technology

BOMAG

FAYAT GROUP

Dave Dennison - Product Manager
BOMAG AMERICAS - Kewanee, IL

BOMAG

FAYAT GROUP

The 1st BOMAG Compactor

_B_UMHG North American IC Models

FAYAT GROUP

BW 190 AD-4 AM

Dave Dennison, BOMAG

BOMAG

FAYAT GROUP

IC Topics

BOMAG

IC Models

Directed Exciter — Vectoring
Evibe

Soil IC

Documentation

Asphalt IC

Training Simulators

o O O >R

BOMAG

FAYAT GROUP

Our Compaction Tradition

o -
BT

The First Ride On
BOMAG Compactor - BW 200

BOMAG

Expanded Line of IC Models
FAYAT GROUP —_—
14 Current Models Worldwide 4
BW 177 DH-4 BVC
BW 213 DH-4 BVC
BW 226 DH-4 BVC
BW 141 AD-4 AM
BW 151 AD-4 AM
BW 151 AC-4 AM
BW 154 AD-4 AM
BW 154 AC-4 AM
BW 154 AP-4 AM
BW 170 AP AM
BW 174 AP AM
BW 174 ACP AM
BW 190 AD-4 AM
BW 203 AD-4 AM
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Overview of BOMAG IC Technology

_B_OMFIG 2009 Line of IC Models _B_OMFIG

FAYAT GROUP FAYAT GROUP

15 Models Worldwide

Dave Dennison, BOMAG

Key steps in the development of the BOMAG Technology

1983 First compaction measurement system
for soil compaction ( Terrameter BTM 01 )

1996 Compaction Management ( BCM 03 )
Variomatic for asphalt rollers

1998 Variocontrol

2000 Evibe Technology — Measurement for stiffness

2001 Asphalt Manager for Heavy Tandem Rollers

2005 German DOT (BAST) research project with GPS
2006 European High Speed Rail Projects

Ongoing - IC Studies with State DOT‘s, NCHRP, and ICPF

02/10/2008

W Best for Compaction

BOMAG BOMAG

FAYAT GROUP FAYAT GROUP

What is “intelligence” What is “intelligence”

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

_B_UMHG Vario Directed Exciter

FAYAT GROUP - FAYAT GROUP

« High or Low Amplitude Choices

« Pre-defined number of passes -
Possibly or Experience

* No real time information on load bearing
capacity or progress on achieved stiffness

From Horizontal to Vertical
6 Force Outputs Created by Vectoring

+ Potentially Low Efficiency

« Potentially Low Effectiveness

« Contractor loses time and money
+ Material can be crushed

+ Roller potentially damaged

« Compaction quality compromised

. Best for Compaction

BOMAG The Traditional Way of Compacting Soil

i




Overview of BOMAG IC Technology

Dave Dennison, BOMAG

BOMAG Exciter Method Variations

FAYAT GROUP

BOMAG Variocontrol Benefits

FAYAT GROUP

Directed exciter

Oscillation

R .
Operator Friendly otary exciter

Exceptional Compaction Performance
Increased Depth 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
Over Compaction is avoided
Unnecessary Passes are avoided

* Pre-selected limits can be selected

Intelligent Compaction

EDMFIG IC BVC Directed Exciter

FAYAT GROUP

FAYAT GROUP

EDMFIG IC BVC Directed Exciter

!

. Best for Compaction

EDMHG IC BVC Directed Exciter BOMRAG &w 213 pH -4 BVvC / BCMO5 Components

FAYAT GROUP -_— FAYAT GROUP
Office
Computer
BCMO05
Display
Cabin
Printer

BOP
Display

Speed Sensor Accelerometers

(o & Ay, T orizntel Posiim
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Overview of BOMAG IC Technology

BOMAG

FAYAT GROUP

BOMAG

FAYAT GROUP

Eyp (MN/] %

BOP Screen

Gravel-Sand WSS Clay

* Weak spot analysis

* Proof Rolling Capabilities

BOMAG

FAYAT GROUP

Dynamischer Steifigkeitsmodul “E:

Evibe Principle

als flachendeckende Verdichtungskontralle beim Fahren

Evib in [MN/m?]

Indikatordiagramm
Bodenkraft [kN]

5432101234
Schwingweg [mm]

Dave Dennison, BOMAG

BOMAG

FAYAT GROUP

IC BVC Performance

Amplitude Amplitude

= Max = Min

T -

T &

Eyig [MN/m?]

Mode of operation:
Automatic

12
Distance [m]

. Best for Compaction

BOMAG

FAYAT GROUP

Evibe Principle

ok raction force o]

1% > Ex= 88 {pass 6)
MmN

4321012345
Vibration path

(pass 3)
i
Processor -
(Mm}4321012345
Vibration path
mossurement Sol cencio forca 1)
Recording of measuning rack o S
200 |
150 1 -—>Ew= 23 (pass 1)
k] a N
] i

[m4-3-21012345
WVibration path

. Best for Compaction

BOMAG

FAYAT GROUP

Printer

<




Overview of BOMAG IC Technology

BOMAG

FAYAT GROUP

Basic Printed Documentation

BOMAG TERRAMETER BOMAG TERRAMETER

Evibe Min and Max
Evibe Average
Frequency
Average Speed
Track Length

Temperature

BOMAG

FAYAT GROUP

BCMO05 Documentation

Baustello
BOMAG/TF Testgolande

IR EE R
e yKoord [m] mz|
80<Ewb<100

— 100EvD Evib - FOVK

BOMAG

FAYAT GROUP

BCMO05 Documentation

Fle_Contrctinste. vew Colbvoton Eviuston. Bt .

PO PG S e e

serena

Dave Dennison, BOMAG

BOMAG

FAYAT GROUP

BCMO05 Documentation

[

BOMAG

FAYAT GROUP

Printed Report Documentation
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BOMAG

FAYAT GROUP

Documented Low Stiffness Area

3 Q| ss-|e| o

oo red | e |
oone [
Stoe  [EroTer

|z 2iest of_Bridge

Engome  fi3052em

e Pl N o — |

) stort| [ == bCr-Office Version 1. Lr0o: O [« =) @ Bk s1epm

Best for Compaction
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Overview of BOMAG IC Technology

BDMHG Documented Low Stiffness Area

FAYAT GROUP

Area will have repeat failure without drainage work |

BOMAG

FAYAT GROUP

Minnesota Highway Site 2007

BDMHG Colorado — Highway Extension 2008

FAYAT GROUP

Dave Dennison, BOMAG

BOMAG

VET ¥Cul lllinois Warehouse Site 2007

— ———

BOMAG

FAYAT GROUP

Minnesota Highway Site 2007

Optional Pad Shell Kit

BDMHG California — Water Treatment Plant 2006

FAYAT GROUP
ey




Overview of BOMAG IC Technology

BOMHG California — Water Treatment Plant 2006

FAYAT GROUP

BOMHG Mexico — Warehouse Site 2008

FAYAT GROUP

BOMAG BW 213 BVC High Speed Rail

FAYAT GROUP

| Clay / Stone Mixed Soil
i 10-12 inch Lifts
Cologne — Frankfurt
Germany 2006

Dave Dennison, BOMAG

BOMHG Mexico — Warehouse Site 2008

FAYAT GROUP

FAYAT GROUP

BOMRAG Bw 177 BVC at Manchester GB Rail

Proof rolling
Improvement of
base compaction on old 25 m low subbased
rail track section - stability \

BOMRAG gw 213 BVC on High Speed Rail Section

FAYAT GROUP

Crushed Rock Sub base
Munich Germany 2008
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Overview of BOMAG IC Technology

BOMAG

FAYAT GROUP

IC for Asphalt

BOMAG

FAYAT GROUP

IC for Asphalt

Dave Dennison, BOMAG

BOMAG

FAYAT GROUP

IC for Asphalt

BOMAG

FAYAT GROUP

s L |

BCMO05 Documentation

- —

(|

BCMOS5 Display

T FEE]

Datei Baustelle Ansicht Kalbrierung Bewertung Extras Hife =
31 RIS o=l e 9

P g [ARGE _A30_BissendorfJARGE A30[?_Tragschich_2 Logel[BOMAG Verihven 2_87300_bis_E4700
Logende | Fo Al

sre7ese N

Evib ( MN/m?) ‘

Baustelle Ansicht Kalbrierung Bewertung Extras Hife
ool B € )|[ARGE_A30_Bissendorf|ARGE_A30[ _Tragschichi_2 Lagel[BOMAG_Vertatren_2_57300_bis_54700

3 Q3] siaf-| 8| d

Documentation of Evib
and roller position

sre76ae

P P

P el e —

Legende | Feid el
Bearbetet

s7a7c90 N

- 62112000
Documentation of asphalt — N
[emperstre (4,105 [15 [
Aol |05 [00

@ |12
45 |18

surface temperature
and roller position

Frequenz rz]

5787548

3aas388 3847185

o ] o1
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Overview of BOMAG IC Technology

Dave Dennison, BOMAG

BOMHG Evibe, # of passes, and position BOMHG BCMO5 Display

FAYAT GROUP FAYAT GROUP

Doter GausteleAnscht_Koltrioung_Gewertung_Exres Hfo

33| )| RGE A0 Bl ARGE ASO Tragt st 2 LBOVAG Verven2_t7500 s 34700 3 Q.. o= e 9

A

BOMAG Asphalt Manager BOMAG Vario Directed Exciter

FAYAT GROUP FAYAT GROUP

BOMHG Compaction Test on HMA Wear Course BOMHG Asphalt Manager Benefits

FAYAT GROUP FAYAT GROUP

Operator Friendly

Exceptional Compaction Performance
Uniform Compaction

Continuous Feed back to the Operator
Wide Range of Versatility

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

Over Compaction is avoided
Unnecessary Passes are avoided

* Reduced Shock Loads

Evib [MN/m?]

Evib

R

{_ Asphalt Temp.
| sphalt Temp,

Marshall density
—#—Marshalldichte

Temp. [°C],
Marshall density [%]

Report of the Workshop on Intelligent Construction for Earthworks
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Overview of BOMAG IC Technology

Dave Dennison, BOMAG

Asphalt Manager Benefits EDMQE Asphalt Manager Benefits

Horizontal Vector
Longitudinal Joints

Cordo State Highway 2008 |——

FAYAT GROUP FAYAT GROUP

T g |2

EDMHG Training Simulator EDMHG Training Simulator

Report of the Workshop on Intelligent Construction for Earthworks
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Overview of BOMAG IC Technology

Dave Dennison, BOMAG

BOMAG

FAYAT GROUP
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Connected Worksite Solutions

Terry Rasmussen, P.E.

©2009 Caterpillar. All Rights Reserved % Q ’
X )

CATERPILLAR®

x pemstmiben

S Vo)

AccuGrade™ Grade Control Systems

% Backhoe Loaders
& Soil Compactors

ﬂ Asphalt Compactors

5.2 Asphalt Pavers

%"

Track-Type Tractors
Motor Graders

Hydraulic Excavators

. Wheel Tractor
“ Scrapers
CATERPILLAR®

©2009 Caterpillar. Al Rights Reserved % Q ’
X )
‘; o s wor. oo s vk

: 8 DLV

AccuGrade™ for Track-Type Tractors

Universal 'I:acking

Single & Dual GPS
System (UTS)

It is not just about fine grading...

Cab GPS

©2009 Caterpillr. Al Rights Reserved % Q ’» . CATERPILLAR®

B £ x pemstmiben
IR b e

Technology Enabled Road Construction

Controlled Study ... Two Idgntical Roads ... nge Crew

| Conventional |

Step 1. Site Layout / Staking / Data Preparation
Step 2. Bulk Earthworks

Step 3. Sub Grading / Fine Grading / Grade Check
Step 4. Base Course Construction
Step 5. Base Course Grading / Fine Grading / Grade Check

North Road: AccuGrade

%)
v

D
330 + [[3300 AccuGrade GPs

©2009 Caterpillar. Al Rights Reserved % Q ’ ) ['.I'I'Em’lluﬂ'

. A ‘¥ o s wor. oo s vk
) | ]

cesse

.

Increased Increased Reduced
Job Site Job Site Job Site
Velocity Quality Costs

+ 2cm was applied
Conventional

Conventional: 24:32 hours

AccuGrade: 11:50 hours Conventional o
D6N - Operating Hours 3 High:15% ”

J—— S&i Low: 30% .

° AccuGrade
. ° 0128 On Grade: 45% ol
e P

. L AccuGrade w

2 E:smm] High: 2% of fm

o Low: 0% 3 =

=0 o o

Conventional AccuGrade

On Grade: 98%
100% Quality Increase 43% Fuel Savings

272 e

s 4 ‘* pop
s - g.‘ el S N

100% Productivity Increase

©2009 Caterpillr. Al Rights Reserved

AccuGrade™ moving forward...

Integrating technology into
machines

Position Sensing Cylinder (PSC) technology

With the PSC, the AccuGrade © system is able to gather
the current cylinder length and determine the current
position of the bucket tip in real time (no visible
sensor lag).

HH H H The PSC also removes the front linkage sensors from
POSItIOn senSIng cVIInder the traditional high wear areas such as the bucket

linkage, and places them safely inside the bucket
cylinder for it il i ponsi' 3
and reliability

CATERPILLAR®

©2009 Caterpillar. Al Rights Reserved % Q ’
X )
‘; o s wor. oo s vk

‘ 8 DLV
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EquipmentManager

. @ .
EquipmentManager is a web-based

application that uses key indicators from your
equipment such as hours, location and
diagnostic codes and combines it with
powerful tools like mapping, maintenance
scheduling and troubleshooting instructions.

e simonn [0 tmtiomn [
o

‘Equipment Location Map.

This application enables quick
identification of actions required to
maximize your equipment uptime and
control owning and operating costs.

©2009 C: illar. Al Ri Re ' ’
SR — ~ % & CATERPILLAR

7 ~ x TODAY'S WORK. TOMORROW'S WORLD.
il ¥R

Product Link

Product Link is the hardware that enables information flow
between on-board systems and EquipmentManager using
satellite technology.

Key indicators such as hours and location are delivered to
EquipmentManager on a regularly scheduled basis. Other
indicators such as diagnostic codes and unauthorized usage are
launched from the machine by Product Link as they occur.

©2009 C: llar. Al R Re ' ’
o, A s esenes ~ % & CATERPILLAR

8 = x ‘TODAY'S WORK. TOMORROW'S WORLD.
O LV -]

Product Link is offered as standard
equipment on many Cat machines.

Questions
Thank Youl!
Terry Rasmussen

309-494-6321
rasmussen_terry@cat.com

©2009¢: '
aterpilar. All Rights Reserved Y ’,.; CATERPILLAR'
9 £ x TODAYS WORK.TOMORROW' WORLD.
) 4 =i




Dynapac Compaction Analyzer and Optimizer

Gert Hansson, DYNAPAC

I
mmmwﬂJm E y Jmmhuuwijm‘

Dynapac Compaction Analyzer and
Optimizer

DynNAapPpAac

Partof the Atlas Copco Group.

DynNAapPpAac

Partof the Atlas Copco Group.

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

Production, station and offset

Storage and analysis of compaction meter data

Full-color 12,1” display for operator guidance

Positioning

— Relative

— Absolute (GNSS) (Sub-meter to cm accuracy available)
- With reference line or without

Any local grid available

Adjustable resolution

Calibration module include

Full analysis capability incl. TXT-file export

PDF or paper print-outs

Office and roller versions. Both include simulator mode

= ¥
DynNAapPpAac

Partof the Atlas Copco Group.

| oymapac caxnz

JTREKANTEN
[VAGST8_565(20000)

BL

120071440

DynNAapPpAac

Partof the Atlas Copco Group.

Dynapac Compaction Optimizer (DCO)

Analysis
e
Organization |Dynapac .
[Freank
et TREKANTEN _
Object VAGS78_565(20000)
Loyer
Secton 120071440
Used roters Dynapac CA302D,
Secton start 1200
Secton end 1440
Secton lengih 230
Secton width —— __|4.0[40
Secton area 1920 |
J
oS g uTh [
Postion to refline —
" [ 65 cmv
[13200  section r
T [ 3 cuvinc
| 2 vibrated passes
1 | 0 staticpasses
|45 speed
[farward " ditection
-— cMV =
tH
Print-out o he A Cope Goup

= Monitors the ground stiffness and adjusts the amplitude accordingly

DynNAapPpAac

Partof the Atlas Copco Group.
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Dynapac Compaction Analyzer and Optimizer

Gert Hansson, DYNAPAC

Dynapac Compaction Optimizer-Features

Eccentrics

= 0-2 mm (0,079") amplitude
= Six manual steps or automatic, stepless adjustment

= Fully compatible with DCA

DynNAapPpAac

Partof the Atlas Copco Group.

= Full amplitude

] 4
= Zero Amplitude

DynNAapPpAac

Partof the Atlas Copco Group.

Dynapac Compaction Analyzer-Asphalt (DCA-A)

Production mode-Roller screen

Register the number of passes (static/vibratory)

Measure and register the surface temperature (calculate core temperarure.)

Graphic display of the temperature and the number of passes
(real time in the roller)

Documentation of the compaction process

Background material for the quality analysis

Support for continuous improvements of the paving process, rolling patterns
and overall compaction results

DynNAapPpAac

Partof the Atlas Copco Group.

ovmasac
u Data plot Project
Roller s mm e
| ovnepac ccezanr M JE: -06103
s = JE4s LAGLBY )
\ 2%
% 7 ISLITLAGER
= 205 =
= 2 [1800-3200 .
2 s —[8 8
Ly T o T
20f———— e |l 10 20
o e R
m,m 203 —— Passesvib T>=Tmin v‘
200 -
1595
155
=
100 1985, i
=0 il Data
Position ~
b 175
pocs Tem 872, el s
otfset X
S

DynNAapPpAac

Partof the Atlas Copco Group.

Workflow CompLogger

Benefits

Analysis (office)
Transfer from CompLogger
-Print results

Job site preparation (office)
-Decide on documentation setup
-Size of working areas

-Create PDF’s \ -Compaction target
-Export text files e Transfer to CompLogger
Save in compaction

archicve ——

Production

-Collect compaction
Data - z /
-View graph or Forag ks &
surface plot

DynNAapPpAac

Partof the Atlas Copco Group.

= Hand held, battery powered system

= Wireless communication

= Common interface with high-spec DCA

= Cost efficient CCC

= Huge leap from the competition in functionality and storage capacity.
= Full analysis and print function (B/W or Colour)

= Less than a five minute installation on any prepped roller.

DynNAapPpAac

Partof the Atlas Copco Group.




Intelligent Compaction for Soils and Asphalt

Stan Rakowski, Sakai

Intelligent Compaction
for Soils and Asphalt

Stan Rakowski
Sakai America, Inc.

IC Measures Engineering Properties
changing from

Density Modulus

/o
Density Moisture

*Mass / Volume Control Stiffness /Modulus

*Proctor Test

Mechanistic Testing Equipment

CCV Sensor

Instrumented Rollers

New: Tool for
assessing compaction
quality.

It works'!
Data speaks for: itself!

SAKAI

Compaction Control Value

A2
‘
fo fo 2fp 12fa fo 312f0 2fo 52f0 3f0

Frequency (Hz) Frequency (Hz) Frequency (Hz)

Soft enije— Cround Condition e Hard

Ay

1

Amplitude Spectrum
Amplitude Spectrum
Amplitude Spectrum

‘ —p-

Changes in Amplitude Spectrum and Condition of ground

Influence of Stiffness of
Underlying Layer on CCV

/AN i ey |

CCV in Subbase

\vA Sec.A T Sec. B — Plate Loading
10 15 20 25 B

Distance (m)
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Intelligent Compaction for Soils and Asphalt

Stan Rakowski, Sakai

Density w/Nuclear Gauge & CCV

Dry density (t/m3)

—@—( CCVinSec. A g CCVinSec.B |
~Q- Dry density in Sec. A == Dry density in Sec. B
2 4 6 8 10 12 14 16
No. of Roller Passes

Deflection by FWD and CCV

o
- S
®

© [ )
10 =N

Benkelman beam

@D: ODr
20() 1 2 3 4 5 6

Deflection (mm)

Number of Roller Passes
during Breakdown Rolling

NRPS S not uniform.

Shoulder (Supported)

Longitudinal Joint Nurber ofroler passes

12 8 4 5 6 7 8

. Sec. B[] High moisture section
6 1.7 1.8 1:9: 20 20 2.2
Dry density (t/m3)

Sakai first IC Trials

Eirst application;for Hot Mix Asphalt
Californiar~ June 2006

Number of Roller Passes
during Finish Rolling

NRPS S not uniform.

Longitudinal Joint

Shoulder (Median) side

1.2 8 4 5 6 1 8



Intelligent Compaction for Soils and Asphalt

Stan Rakowski, Sakai

IC Demos

Califernia;, klorida; Georgia
[REProjects: Minnesota) Kansas
NCHRP: Maryland, Flerida, N Carolina

Create plan flles:
Input coordinates,
Job Information, etc.

Aithon MT-S / MT-A
D '

Compaction Information
System (CIS)

Surface Temerature
b sl

=i

Note: Forward passes show the surface temperature more accurately. Water sprayed on the
drums cools the surface rapidly, the surfaces temperature rises again as the water evaporates.
Surface Temperature readings are always lower when the roller travels in reverse.

Software

“01 Plan AithonPD” “02 Construction AithonMT" lysis/Documentation AithonPD

@ Settings (Office) @ Construction (Roller)
F

Input Mapping
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Intelligent Compaction for Soils and Asphalt

@ i ). 666
Broject Area ool View e

Stan Rakowski, Sakai

] o 666
Broject &rea Tool View Heb

NELdE?7 aQQQAIHEIK A+aoeBmf o —
Explorer . x New campaction xes. i
0
| pwesson. Define the working area (ZEHETD
. Name of Assigned
5 [ rtaee - Mesh size, layer T

- Data values

i [ e re— |
ISUE@? Q. Q E[E]R A+asmerms
= i ==
LD | "
P remen Create Input Data File for N e
[ = £ wotere working area Mech G [B0 %
— |© AREAD_20090327095901 E ", "
‘ & e | - Aithon "CAD” 2D,3D .
+ (] AREA1 2090327095901 Aithon Standal 3 —
B D
; :%,:::mm ithon Standalone [ T e e @@
- [l Ot Fom s
|+ O ARend z0o00azz0s5001 Dunwiana  [i30
[ [ == s Ofsts 000
23 roims Fomard Ot 0 3
‘, - Height Offset D Fﬁﬂ
i rasesex
Property X
Ea
‘Background Color ] 255, 255, 255
Grid vible Fase L] - /
vkw,(od‘)\nnm/
|’Wm

[ =

ety oot ot I

How mesh data is recorded

| Result of Number of Roller Passes (NRP) I

X X
Pass=3 u \L [bgend of .\‘RP]

r

N

Pasct v

P 1 m pa's
==l i
-

+I, V and IX are same coordinate.
-II, VI and X are same coordinate.
- IIT and VII are same coordinate.

-IV and VIIT are same cocrdinate.

P Coute gty Hebt)

Speed Temp e .
& [ - 1o

+/SAKAI

Y
Number of Passes

What Mesh Size?

1-ft, 3ft, 6 ft?

Smaller'meshi creates more datarand
larger-files

v} 6.6 6
1o e s +/SAKAI
2 & v - -

]

a N

s CCV

.

g

Y [ |2
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g g

R ]

o - o
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Intelligent Compaction for Soils and Asphalt

Stan Rakowski, Sakai

¥] R ©.6.6|

1 om s v +/SAKA
g = v -
g

Data Analysis

g \ ] CAD or Standalone Examples
8 HMA Temperature Sorting|temperature
: values;after the first
= roller-pass
Number: of passes
CCV after 3 £5
Q l :
Q
development for the
,sm data .
«
Exart
g
o L
WE 3 Eﬁ — ml.

Minnesota ’{‘ >
Kandiyohi County
Road 4 |
June 2008

VIVAX Site Base Course Distribution of CCV | 2009/ 3/27 |

Kandiyohi

ICroller mapsisubbase Rt 4
Subbase layer

Lover linit [Upper limit
3
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Intelligent Compaction for Soils and Asphalt

Stan Rakowski, Sakai

[ [promete eaior
Iy ke i o coratucton |l’vu'liu\-uuwmvmnvbn
e S 10210 e i
[
subsase yer mas
az08mn,
22500 9m
o
<o
“ale
oo
o2
1215
<
.
n
L2
Fizure 17, Comparison of HMA @ Iaer and subbase laver maps

What we've seen so far?

Reflactionof

|C can improve QC/QA procedures
u| Data) gives: 100%; roller’coverage

Report of the Workshop on Intelligent Construction for Earthworks

ey . u Complete documentation for every lifi
i e Can quantify: unifermity of compaction
. T i Datarhandling and analysisimethodsiare
e Improving
4 = Software IS getting better and easier to use
| §,i_?:. [t works!
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Intelligent Compaction for Soils and Asphalt

Stan Rakowski, Sakai

Factors affecting CCV

Material
= Type ofisoil cohesive, granular The Data

= Mojsture content: Speaks For Itself!

= Maximum aggregate; size
Stiffness of underlying layer:
Vibration'amplitude

Travel speed and travel direction
HMA temperature

Thank You

Report of the Workshop on Intelligent Construction for Earthworks
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Kelly Miller, Trimble

Project Planning Using: GIS, GPS and RFID

Kelly Miller, Trimble

XYZ Solutions

Real-time Decision Support and Visualization (AR)
Installation of XYZ software on all sites that have vehicle
operations. Connection to live positioning data.

Training via Simulation

& . . Use of XYZ scenes, ADM modules and Physics

PrOJeCt Plan ni ng USIng: Simulations to train machine operators

Pre-Mission Plannin
GIS, GPS and RFID e-iies’on Hlannng

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

Intelligent Construction
for Earthwork

Kelly Miller
15 April 2009

 2Trimble

Prospective Client Quote

< - i 3 :-w!-'e‘& bm
Asset Management is a subset of a larger set of
positioning workflows.

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

Trimble Management and Aggregation Tools

Connecting workflows drives new business productivity opportunities

Trimble Response

The Dilemma: “Do I have to go to a dozen different screens to hearas = . .
manage my mixed OEM fleet of equipment?” Mixed fleet” has two dimensions:

Not just machines - but the trucks, compressors, generators that
make up the site to enable true operational asset management

Brand agnostic — every customer has a mixed fleet of brands and they
have a desire to use just one application for asset management

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

Trimble Connected Community aggregates
workflows and connects user communities.

RSS Viewer

N

Quicknote Calendar

5 0

Kelly Miller, Trimble

Trimble Connected Community aggregates workflows and
connects user communities.

Schedule
Management

Centralized
Mgt Reporting
__

Remote Control / Diagnostics

d Ce
Situational Awareness
Project Forums

Owners

Record
Information

Facilities
Management

Financial
Integration

Systems Management
Hosting, Data Management, Services

October2007 ).

“«
i SuMo TuWe Th Fr Sa
Life Cycle of the Initiative Bl a8 15 :l

T Bl ER
@ |om OE Al Se P OMB e B ? Qe
T 85 8 b—om"

[ vesome (LR R

JRAC Project Pictures

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

~ BTimble

GPS Information / 3D Site Viewer

. Ty 2 Trimble
Trimble Construction Services

Live Demonstration

—

A

e

£ Trimble

What is Your Community

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

B

Questions

Kelly Miller
kmiller@xyzsolutions.com
770.772.3570 (office)
404.630.5126 (cell)
www.xyzsolutions.com
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Jeroen Snoeck, Trimble
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Trimble, Construction Technology and Compaction Control Systems

Jeroen Snoeck, Trimble

& Trimble

Trimble, Construction Technology and
Compaction Control Systems

Jeroen Snoeck
April, 2009

Jeroen Snoeck

Dutch, living in Colorado

Construction work experience: 16 years with
Caterpillar and Trimble in Europe and North
America

Now: Segment Manager for Paving with Trimble

£ Trimble

Trimble and the Connected Site Initiative

Trimble Compaction Control and how it
differs

How we let those stimulus funds go further

& Trimble

Trimble
Company Overview

e B _____©Trimble
A Global Company with 1.2b$ in
revenues

* Corporate Headquarters |
Sunnyvale, California

Manufacturing & Logistics Centers

Development Centers Sales and Support Offices

g -'_.' -

- Ny S L :h:aé @T’m
Trimble: Transforming work through
technology

e

MOBILE &FIELD
WORKER

CONNECTED SITE

i 285,
PRECISION
AGRICULTURE

ADVANCED
DEVICES




Trimble, Construction Technology and Compaction Control Systems

Jeroen Snoeck, Trimble

- - T it 20200 ©Trimble

Trimble Connected Construction Site

Full suite of solutions for the heavy and highway

contractor
Asset Management Solutions
Office Software

Supervisor Systems
< -
[ z

Y

TR

& Trimble

Trimble Compaction Control Systems

But how does it differ?

@ Trimble
Trimble Connected Construction Site

Objective Is To Enable Significant Shared Data Within The Connected Site

Trimble Compaction Control Systems

Measures soil stiffness as an indication &,
of soil compaction < !
»
. . > S
Displays compaction measurements, "%, ~
. . < >
pass counts, provides guidance to the S
=

operator

Maps and records compaction data

N o @Trimble
Trimble CCS900 — how it differs

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

Cut/fill mapping

Qa/Qc: Immediate rework where design grade has not been
met

Guidance to alignments
Detection and location of soft spots

Neutral

Speed (mph)
o

Offine (FT)
<135

+0.00FT +»
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Trimble CCS900 — How it differs

Office Software
Connect wirelessly
For analysis of data

Archival of data
For warranty
documentation
Evidence of good
practice

Jeroen Snoeck, Trimble

£ STaLT 0 0 PTimbe
Trimble CCS900 — How it differs

Common Trimble Components 1 [
- o
oy |

MT900 CM310 AS400 CB430 LB400 MS990  SNR

Portability
GCS and CCS systems transferred between machines
Lowers cost of entry
Increases return on investment

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

e . @Trimble
Trimble CCS900 — How it differs

Trimble Connected Construction Site

R

Paving Control

Fleet Management
Systems Systems

Site Office / Supervisor Solutions

e o

- ks, TR & Trimble
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

— %

e —

Let’s take a step
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

Jeroen Snoeck, Trimble

Let’s take a step back

States and Counties

Construction process efficiency: Up to 80% reduction in

rework, 70% reduction in machine time; 40+% reduction in fuel, 10%
reduction in materials

Sgeed: Finish 20-30% faster, reduced traffic and environmental
impact

Environmental impact: Up to 45% less fuel utilization on the

tsit%,_on-road trucking reduction, less impact on existing road
raffic

End Product quality: More accurate and durable construction
thanks to better information

Safety: Keeping people out of trenches, away from machines,
avoiding danger areas

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: http://www.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
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Jeroen Snoeck, Trimble

Questions?

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

IOWA STATE UNIVERSITY
Civil, Construction & Environmental Engineering
Facilitator Report - Discussion

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

Facilitators/Recorders: E. Tom Cackler, Ed Engle, Heath Gieselman,
John J. Hannon, Charles Jahren, Pavana Vennapusa,
David White, Paul Wiegand, Caleb Douglas

ctre

‘Contor o Tronsporaton
Rosocrch ond Educonon

EERC

EARTHWORKS ENGINKERING

[OWA STATE
UNIVERSITY

www.ccee.engineering.iastate.edu

Dream it, Design 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

. Intelligent Compaction Specifications

— Data communication between contractor and owner

— 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

2009 Working Session Topic Areas

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

* Topic #2 — Automated Machine Guidance — Discuss
existing knowledge gaps? Equipment/software
advancement needs? Educational/training 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
geotechnical/earthworks.

Breakout Session Discussion

. 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-Situ Correlation Studies
— 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
— 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

. Educational /Certification Program
— Contractor and agency certification/Training/Troubleshooting
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 loading
— Define mechanistic parameters to be used for QA

— Critical engineering properties relative to the location of testing in an
embankment
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Charles Jahren, Pavana Vennapusa, David White, Paul Wiegand, Caleb Douglas

Breakout Session Discussion

|

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

10. Understanding Impact of Non-Uniformity on Performance
— 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 vertical and spatial non-uniformity on performance

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

Education/Training

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)

Prioritized IC Road Map Elements

IC Specifications (41)

IC and In-Situ Correlation Studies (25)

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

Understanding Impact of Non-Uniformity on
Performance (16)

Data Management and Analysis (16)
Project Scale Demonstration Case Histories (13)

E

Understanding the Measurement Influence Depth(13)
IC Technology Advancements and Innovations (9)

. IC Research Database (8)

10. Educational/Certification Program (8)

©® N o w!

Knowledge Gaps and Deficiencies

1. Lack of documented experience and champions
(17)

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

File compatibility issues (7)

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

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)

Specification/Standard

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

2. Specification inclusive of various technologies (Laser,
GPS, 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)
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Topic #3 — Intelligent Compaction Specifications and
Performance-Based Specifications — Review and discuss
outline for IC development specification and
performance-based specifications for
geotechnical/earthworks.

Specification Options Review

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

* Option 2: IC-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 point
measurements

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

Identified Challenges

Report of the Workshop on Intelligent Construction for Earthworks

* 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

* DOT’s need to agree upon what end result
properties they want to measure — “gold standard”

* Soils and asphalt will need separate specs.
* IC use for QA requires FHWA verification
* What is the IC tool for the state agency?

Goals

* Develop a specification that is not technology
specific

* Define what DOT’s want to measure and
format of the data

Key Attributes of IC Specification

1.  Descriptions of the rollers and configurations, GPS (accuracy), other position
technology?

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

3. 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)

4. Repe)atability and reproducibility measurements for IC measurement values (IC-
MVs),

5. Ground conditions (smoothness, levelness, isolated soft/wet spots/high GWT,
variation of materials)

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

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

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

9.  Operator training, and (certification)

10. Basis of payment/incentives

11.  Acceptance procedures/corrective actions based on achievement of minimum
MV-TVs (MV target values) and associated variability. (When — construction

traffic etc.? — 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

Presentation 10
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* Education — Identify benefits

* Technology transfer involving manufacturers,
contractors, and state DOTs

* High quality DVD

* Develop standalone tools/software for
inspector

* Develop consensus approach for specification

[
Action Items

* 6 Case Histories (Tech Briefs)
* 6 Webinars

* Specifications Technical Working Group (TWG)
* EERC Website

* Explore NHI Course

* Research Gaps
— Develop Problem Statements
— Identify Key Research Partners

Action Items

|
* AASHTO Technology Implementation Group
— Proposals submitted annually

— Involve many state DOTs




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
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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?

llinois 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)

e 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.
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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 lowa 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.

R O B AR R

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.

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.

R O T

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 lowa State University

* Intelligent Compaction Specifications/Guidance

° 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

° Action Items:
— 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?
— Criteria 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

° 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)

Breakout Sessions

Report of the Workshop on Intelligent Construction for Earthworks

107



Breakout Sessions

Report of the Workshop on Intelligent Construction for Earthworks

108

* 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)

e 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

e 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

e 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

e 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.

e States currently working on developmental IC specifications for soils: Iowa, 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.
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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.

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 owner.
b. Reporting problematic areas.
c. Standardized data format.
d. Differentiate owner (e.g., QA) and contractor (e.g., QC) responsibilities.
e. Separate specifications for soils/aggregate and HMA.
f. Recommendations on roller operating parameters.

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

h. Calibration standards for machines using independent measurements.
i. Repeatability and accuracy of GPS and machine values.
j. Incentive-based pay factors to contractor.
k. Consistency in measurement output units.
l. Identify the state of the practice.
2. Intelligent Compaction and In Situ Correlations (25)
a. Correlation studies on HMA and WMA.
b. Relationships with density and stiffness (which is appropriate?).

c. 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. Rapid test procedures/device to replicate roller loading.

b. Define mechanistic parameters to be used for QA.

c. Ciritical 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.

8. 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 A T

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

o

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.
* 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).

e 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
e 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:

RN

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 efhiciency.
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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

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

o

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

1o

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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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 here?—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 lowa RTK-GPS—Mike Jackson, lowa 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, lowa 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.)
e 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.)

* 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

e 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
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Appendix C: lowa DOT Developmental Specifications for GPS Machine Control
Grading (DS-01119)

DS-01119
(Replaces DS-01103)

’%"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 utilizing Global Positioning System
(GPS) machine control grading techniques and shall be used in conjunction with Section 2526, 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 techniques unless the Contractor chooses to build the required surface
models to facilitate GPS machine control 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 results 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 generate 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 provide make available the data listed below in an electronic

Appendices

format with-the-propesalform. This information is available for a fee at:

http://www.ia.bidx.com/main/index.html. The Contractor will be required to purchase an online
account to obtain the electronic data.

No 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
encountered during construction. Furnishing this information does not relieve the Contractor
from the responsibility of making an investigation of conditions to be encountered including,
but not limited to site visits, and basing the bid on information obtained from these
investigations, and the professional interpretations and 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 previded made available were originally created with the computer software
applications MicroStation (CADD software) and GEOPAK (civil engineering software). The
data files will be previded in the native formats and other software formats as described
below. The Contractor shall perform necessary conversion of the files for their selected grade
control equipment. The Contracting Authority will farrish 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 text files.

b. Machine Control Surface Model Files:
= ASCII format.
= LandXML format.
= Trimble Terramodel format.

Note: TIN files and surface model files of the proposed finish grade include the topsoil
placement where required in the plans.

c. Alignment Data Files:
= ASCII format.
= LandXML format.
= Trimble Terramodel 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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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.

10.

1.

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 unit will be returned to the Contractor. This
unit shall have the same capabilities as units utilized 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
perform 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 Contracting 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 outside the project limits and/or 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 to 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
reestablished 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 at 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 conventional grade stakes at critical points
such as, but not limited to, PC’s, PT’s, super elevation points, and other critical points
required for the construction of drainage and roadway structures.
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12. At 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, [ was pleasantly surprised by all the great content and speakers.

e 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.

e 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.

° Working sessions continue creation of a network and tools to get this technology
implemented.

* The barriers to implementation.

e 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.

e '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.

e 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 (Ist 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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