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Preface

This document summarizes the discussion and findings of the 3rd workshop held on September 3-4,
2014 in Harrisburg, PA, as part of the Technology Transfer Intelligent Compaction Consortium (TTICC)
Transportation Pooled Fund (TPF-5(233)) study. The TTICC project is led by the Iowa Department of
Transportation (DOT) and partnered by the following state DOTs: California DOT, Georgia DOT, Iowa
DOT, Kentucky DOT, Missouri DOT, Ohio DOT, Pennsylvania DOT, Virginia DOT, and Wisconsin
DOT.

The workshop was hosted by the Pennsylvania DOT and was organized by the Center for Earthworks
Engineering Research (CEER) at Iowa State University of Science and Technology.

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

On September 3-4, 2014, the Pennsylvania DOT hosted the 3rd workshop for the Technology Transfer
for Intelligent Compaction Consortium (TTICC), a Transportation Pooled Fund (TPF-5(233)) initiative
designed to identify, support, facilitate, and fund intelligent compaction (IC) research and technology
transfer initiatives. The following were the key objectives of the workshop:

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

o Review TTICC IC case history summaries

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

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

The workshop’s attendees—representing 10 state DOTSs, the Federal Highway Administration (FHWA),
Hamm/Writgen America, Groft Tractor and Equipment, SITECH Allegheny, AB Consultants, and Iowa
State University—reviewed IC case history summaries, discussed recent IC pilot specifications imple-
mented by state DOTs or demonstration projects conducted by state DOTs, and voted and brainstormed
IC research, implementation, and educational needs.

A key outcome of the workshop was the evaluation and update of the IC Road Map, a prioritized list

of IC technology research/implementation needs initially created in a 2008 IC workshop meeting and
updated in 2009, 2010, 2011, and 2012 workshops. The top three IC research/implementation needs are
now (1) data management and analysis, (2) education/certification programs for IC, and (3) correlations
between IC and in situ test measurements. The revised IC road map is presented in Table 1. After updat-
ing the IC roadmap, the group identified action items for the TTICC group, FHWA, and industry for
advancing the top five road map elements.

This workshop served as a forum to facilitate information exchange and collaboration and developing
a list of action items to advance and accelerate implementation of IC technology into earthwork and
asphalt construction practice and developing a short list of items that the TTICC team can use to help
advance the IC road map research/implementation priorities.



Table 1. Prioritized IC technology research/implementation needs - 2014 TTICC workshop

Prioritized IC/CCC Technology Research/Implementation Needs

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

3. Intelligent Compaction and In Situ Correlations (17%)
4, Sustainability/ROI (15%)

5. Intelligent Compaction Specifications/Guidance (14%)

6. Understanding Impact of Non-Uniformity of
Performance (13%)

7. In Situ Testing Advancements and New Mechanistic
Based QC/QA (12%)

*total votes are provided in parenthesis

10.

11.

12.

13.

Standardization of Roller Sensor Calibration Protocols
(8%)

Understanding Roller Measurement Influence Depth (8%)

Intelligent Compaction Technology Advancements and
Innovations (6*)

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

Standardization of Roller Outputs and Format Files (0%)
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Introduction

Technology Transfer Intelligent Compaction Consortium (TTICC)

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

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

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

new technologies and practices, experts from state DOTs, Federal Highway Administration (FHWA),
academia and industry must collaborate to identify and examine new and emerging technologies and
systems. As a part of this effort, the Iowa DOT and the Center for Earthworks Engineering Research
(CEER) hosted three workshops on Intelligent Compaction for Soils and HMA since 2008 and developed
a roadmap to address the research, implementation, and educational needs to integrate IC into practice.
Realizing that a national forum is needed to provide broad leadership that can rapidly address the needs
and challenges facing DOTs with the adoption of IC technologies, the Iowa DOT initiated the TTICC
project under the Transportation Pooled Fund Program (TPF Study Number 5(233)). The purpose of this
pooled fund project is to identity, support, facilitate and fund intelligent compaction (IC) research and
technology transfer initiatives. At this time, the following state highway agencies are part of this pooled
fund study: California DOT, Georgia DOT, Iowa DOT, Kentucky DOT, Missouri DOT, Ohio DOT,
Pennsylvania DOT, Virginia DOT, and Wisconsin DOT (Figure 1).

The goals of the TTICC are as follows:

o Identify needed research projects

o Develop pooled fund initiatives

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

o Provide a forum for technology exchange between participants

o Develop and fund technology transfer materials

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

This report presents the details and summary of findings from the 3rd TTICC Workshop held on
September 3-4 in Harrisburg, Pennsylvania. The workshop was attended by fifteen representatives from
state DOTs, one representative from the FHWA, two representatives from Iowa State University, and
four representatives from industry (Hamm/Writgen America, Groff Tractor and Equipment, SITECH
Allegheny, and AB Consultants). A picture of the participants on day two is provided in Figure 2.

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

*White, D.J., and Vennapusa, P. (2010). Report of the Webinar Workshop on Intelligent Compaction for Earthworks and HMA. ER10-02,

Workshop Organized by the Earthworks Engineering Research Center at Iowa State University and the Iowa Department of Transportation,
March 1-2.
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Figure 1. TTICC pooled fund study participating states (highlighted in red) as of 2014

Figure 2. Picture showing TTICC participants on Day 2



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

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

» Review TTICC IC case history summaries

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

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

The workshop was held over two days. The workshop events involved introductions with a brief review
of each participant’s technical focus and job responsibilities; overview of TTICC project goals, objectives,
and deliverables; state DOT briefings for IC projects and implementation; review of previous TTICC
workshops; overview of recent IC specifications; breakout sessions to review overall grading and HMA
compaction and quality control and quality assurance problems, challenges, and opportunities; repriori-
tizing IC research, implementation, and educational needs; defining training needs for contractors and
agency personnel; and defining TTICC goals for 2015.

Based on feedback from workshop participants, information obtained from FHWA, and this report
authors review of information available online and personal communication with various agency person-
nel, a map showing IC projects in the U.S. on earthwork, hot-mix asphalt (HMA), and cold in-place recy-
cling are identified in Figure 3. A picture showing the IC 101 video developed by the TTICC group and
posted on YouTube is shown in Figure 4. This video is about fifteen minutes long and a shorter version of
this video (< 5 minutes) has been discussed by the TTICC group and is currently under development.

In the following sections of this report, state DOT briefings for IC projects and implementation, results
of breakout sessions, prioritized IC implementation road map, and proposed action items for TTICC,
FHWA, and industry to advance IC research and implementation are presented.

The complete workshop agenda is included in Appendix A, and a list of attendees is provided in Appen-
dix B. A copy of all workshop presentations and products provided to the participants is provided in
Appendix C. Photos of the workshop and comments evaluating the workshop are included in Appendices
C and D, respectively.
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Figure 3.1C project in U.S. from 2012 to 2014 (includes earthwork, hot mix asphalt (HMA), and continuous in place recy-
cling (CIR) projects)



No. of views: 1801
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Figure 4.1C 101 video developed by TTICC on YouTube (https://www.youtube.com/watch?v=6ZIcBx21Txs)
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State DOT Briefings for IC Projects and Implementation

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

Kentucky DOT: Used IC roller on two projects—one project did not generate much data because of
utilities issue and one project was on wet soils. HMA 4-day demo was recently done by Transtech. A new
project is being led by March 2015—it will consist of 3D model development, use of AMG, and subgrade/
base/HMA compacted using IC. Project will consist of 4 miles of grading with cohesive soils and crushed
limestone base. Working on specifications for HMA and base. There is ongoing discussion on pay factors
in the specifications internally. Calibrations strips are being considered in the specifications. Nuclear gauge
will be used for QA on subgrade and base, and both nuclear and nonnuclear gauges will be used for QA on
HMA. Minimum percentage coverage requirements will be considered in the specifications.

Georgia DOT: Three projects are ongoing on subgrade and subbase. Not ready for HMA yet in GA. On
the subgrade/base projects, Caterpillar's MDP on CS74 machine was used because of its benefit to use in
static mode. CMV was used on subbase. Contractor had positive feedback using the equipment but the
projects were relatively small to be able to buy the equipment. Larger projects would be better to evaluate
the benefits. Learned Veda software and working through some issues related to importing data. Vision-
link to Veda data formats is a problem. Need a more user friendly software. GDOT performed calibration
strips on the project to relate with densities. Selected QA based on bad areas identified by the roller.

Comment by FHWA: Veda software is being updated. Version 3.0 is being released soon. FHWA is
working with manufacturers to make data more compatible to Veda.

Discussion by other participants: Need a color scale that would work for people with color blind-
ness. Could use a numerical scale instead of colors as an option.

CalTrans: Twenty pilot projects have been let so far with ten on CIR and ten on HMA. Until now, nine on
CIR and seven on HMA have started with nearly 100 miles of work. A FHWA workshop was held in Sac-
ramento. Major IC work is on CIR and HMA for California. Nothing on soils yet. Aim is to get a uniform
mat on HMA. CalTrans is evaluating GPR, LWD, and nuclear gauge devices for testing. The goal is to use
IC on all paving projects in the next five years. Preliminary evaluations showed poor correlations between
IC measurements and density measurements on HMA.

Iowa DOT: How did the districts respond to the use of IC on their projects and new specifications?
CalTrans: There is one key person in each district (three in North and two in South) who are leading
the effort. Only half of the districts are aware of the technology. Once we have good results, we can
take it to other districts.

Iowa DOT: What type of staff/resources did you allocate to handle the data?

CalTrans: Not many resources available. It took 2-3 years to properly implement smoothness specifi-
cation. We anticipate a bit of learning curve here as well.



Group discussion and general comments:

Hamm/Writgen: Suggest considering just one roller on project for HMA, gain experience, evaluate,
and then go with multiple rollers.

Georgia DOT: Currently using IC for QC only. QA is being performed by nuclear gauge. Currently,
GDOT is concerned of final map only.

FHWA: Oregon has organized a conference themed at using 3D modeling data and IC data.
http://designtopaver.org

Ohio DOT: ODOT conducted three demonstration projects last year. One on HMA with FHWA pooled
fund study and two on soils with CAT roller on loan. There was a learning curve for people on ground to
get used to the technology. Correlations were poor with nuclear gauge testing. One soil project was done
on level ground and one was on 2% slope—there were problems interpreting data on slope. We see that
IC can be used for QC by the contractor now. Contractor indicated that they liked the technology but not
ready in investing yet. There are no plans for next year in ODOT.

Vermont DOT: One project done so far in open topography. We used IC as a testing tool during QC
rather than for QA. Used on HMA with multiple mix designs. There is another one ongoing with com-
plicated topography with both in place recycling and manufactured material. Results showed that there
is a lot of process induced variability. Using IC during QC can be a great QC measure during processing
to achieve uniformity in stiffness values. We could not find good correlations with density to use for
acceptance. We want to use performance specs with uniformity as a criteria. Major problem in reclaimed
projects is rutting because of consolidation of base and there is a lot of spatial variability which can be
captured by IC and verify using point testing. Planning on three phases. Phase I to use IC as just QC and
move to QA level in Phase II within 3-5 years. Phase III is long-term performance monitoring. Using
nuclear gauge for QA is not correct—small change in density causes a lot of changes in modulus. Need
performance specs for reclaimed base materials. Currently using NRCS data for modulus profiles of
subgrades. Looking at a research project to evaluate stiffness of fresh and cured reclaimed and cement
stabilized material.

Question by David White: Do you think your current data collection plan is statistically valid or
you need to have a new statistically valid QA plan?

Vermont DOT: The current plan is not and IC has a significant advantage over traditional testing
that it can cover the uniformity aspect as well as the stiffness aspect of testing.

Missouri DOT: In early 2014, MoDOT did a proof of concept with pass count and coverage only on
HMA. Hosted a workshop in 2014 for FHWA and used FHWA' technical services center. Twenty
MoDOT people and city, contractor, and other attended the meetings. Used Hamm and CAT rollers.
Goal was to expose contractor to IC. Mo141 pilot project (on soils) successfully completed as described
during the last workshop meeting. That project required ten QC tests by contractor and one QA test by
MoDOT. The demo project improved confidence in obtaining good coverage maps. IC demo on a super-
pave project was recently done with multiple IC rollers (US63, just north of Jefferson City). The project
involved 4-lane divided highway and shoulder repave with superpave. Contractor rented the rollers. Data
imported to Veda. Data filtering and processing became challenging with data from multiple rollers. We
did blind study for two days and then used IC on the remaining days. Visionlink was used to get data
from rollers. NOBA IR scanner was used for one week. This project was done as “proof-of-concept” with
temperature and roller passes only, no stiffness measurements were used. One more project was planned
in a rural area, but had poor GPS coverage.
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Iowa DOT: Iowa DOT sponsored constructing and testing Central Iowa Expo research test sections in
2012. IC was used on foundation layers and also on HMA layers with Hamm roller. ISU is analyzing the
data. Caterpillar CS74 loaned for TTICC was used on Hwy 65 grading project. IC was not part of the
specifications, but contractor used it for evaluating its use for QC. Feedback from contractor was that it
was useful in a sense that they had comfort that they would pass the QA. Another project planned with
CS74 in 2015. We received some funding FHWA Technology and Innovation Program. As part of that,
we did technology transfer with Minnesota DOT. Learned a lot from their specifications and experience
with Veda. Learned that Minnesota DOT has done 35 projects so far and 10 more projects this year. They
have a lot of management support and use of IC is expected to increase financial effectiveness. Their dis-
trict personnel showed interest in using for HMA—they experienced challenges in setting target values
with earthwork. Currently using IC for QC only and contractor gets paid based on coverage. Minnesota
DOT is initiating pooled fund study for Veda. Iowa DOT is not currently setup to handle data, would like
to move towards contractor administering the data. We have a strategic asphalt committee setup to keep
moving towards using IC on HMA in Iowa.

Wisconsin DOT: There has been transition of expertise in house. No IC projects this year. We are look-
ing at premapping with IC before overlays with HMA using IC. We will look at information related to
long-term performance. It is all about mitigating cracks. We have scheduled new cold-in-place recycling
projects for 2015. Wisconsin will push for using IC on HMA. Contractors are not currently interested
with soils and base. This will be the focus later on.

Virginia DOT: There are no IC projects this year. VDOT wants to assess cost-benefit ratio with using IC.
Willing to use IC as a QC tool, but not ready to accept as a QA tool. Contract language and specifications
are the stumbling blocks. Working on a specification for unbound + RAP materials. There are reported
problems with using nuclear gauge on those materials, IC can be good substitute. Will explore using on
granular materials first.

Pennsylvania DOT: See presentation slides in Appendix C.

FHWA: Technical support service center will be active until 2016. They can help with specifications.
Twenty-two specifications are available on website. There is ongoing research with UT at El Paso on a
retrofit kit for IC. Results will be compared with a traditional unit. Report to be done by early 2015. There
are two upcoming roadeos with one in Texas on soils (October 2015) and one in California in Sacra-
mento area for HMA (September 2015). Veda software is being updated. Version 3.0 is being released
soon. FHWA is working with manufacturers to make data more compatible to Veda. Oregon recently
conducted a full scale demo with IC and AMG systems.



Breakout Sessions and Updated IC Implementation
Road Map and Action Items for TTICC, Industry, and
FHWA

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

1.

Discuss the challenges associated with the current state of the QC/QA practice on earthwork
(grading) projects and HMA paving projects, and how IC can help overcome those challenges.
Review the road map with the thirteen research, implementation, and educational topic areas
identified in the 1st TTICC workshop report. The participants were asked to provide comments
regarding topics that should be removed, revised, or added.

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

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

Following is a compiled list of challenges described in the breakout sessions for Topic A on earthwork/
grading projects:

Inspector oversight is currently very limited. DOTs are reducing personnel for field inspections. IC
can be helpful because of the 100% coverage with information.

Materials are generally more variable than assumed in the design. This creates challenge in
implementing the right QA target values using the moisture-density method. Stiffness based target
values are better, but currently there is no clear guidance on how to implement them.

Proctor test results are often unrepresentative because of material variability.

Moisture control is a huge challenge. Need an efficient way to measure moisture and integrate
information into IC. How can IC be used for QA?

Need to assess the return-of-investment (ROI) with using IC in terms of both cost savings during
construction and long-term with potentially improved performance.

Following is a compiled list of challenges described in the breakout sessions for Topic A on HMA paving
projects:

Rolling pattern is often non-uniform. Using IC can help solve this problem with real-time display.
IC results showed reflection of base layer stiffness values, so it creates challenge for QA? Need to
premap the foundation layer.

Specifications are very generic and do not address specific project related issues. Need to rely on
the engineer. Each district (in Pennsylvania) does things very differently. It is therefore very hard
to write specifications that can apply to all districts.

IC stiffness based values are not critical on HMA projects.
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The prioritized list of IC technology research/implementation needs, by combining the results obtained

from the breakout sessions, is presented in Table 1. Table 2 presents the change in the ratings of different
roadmap elements since 2008, highlighting the transitions of top rated elements. The intelligent compac-
tion specifications and in situ correlations road map elements have remained in the top two between 2009
and 2011. The data management road map element was rated as the top one in 2012 and this year.

Progress with pilot IC specifications recently implemented by the DOTs and first-hand experience on
challenges associated with real-time data transfer and analysis has shaped the prioritized rankings. Also,
participants felt there is adequate training required for both contractors and DOT engineers on how to
handle data. The sustainability/return of investment element was moved from rank thirteen (in 2012)

to four this year, as a result of many participants feeling the importance of characterizing the economic
advantage associated with using IC both during construction and in long-term because of potentially
improved performance.

The revised roadmap elements are presented in Table 3. After reviewing the revised road map, discussion
focused on defining action items needed to advance for each element. The outcome was to identify not
only needed action items, but linking the action items to TTICC, FHWA, and industry. Table 4 presents
the action items identified for the TTTIC group, industry, and FHWA, on each of the roadmap elements.

Table 1. Prioritized IC technology research/implementation needs - 2014 TTICC workshop

Prioritized IC/CCC Technology Research/Implementation Needs

1. Data Management and Analysis (31%) 8. Standardization of Roller Sensor Calibration Protocols
(8%)
2. Education Program/Certification Program (18%)

. . . . Understanding Roller Measurement Influence Depth (8%)
3. Intelligent Compaction and In Situ Correlations (17%)

10. Intelligent Compaction Technology Advancements and
4. Sustainability/ROI (15%) Innovations (6%)

5. Intelligent Compaction Specifications/Guidance (14*) 11. Intelligent Compaction Research Database (6*)

6. Understanding Impact of Non-Uniformity of 12. Project Scale Demonstration and Case Histories (4%)
Performance (13%)
13. Standardization of Roller Outputs and Format Files (0%)

7. In Situ Testing Advancements and New Mechanistic
Based QC/QA (12%)

*total votes are provided in parenthesis



Table 2. IC/CCC research, implementation, and educational elements, ratings from 2008 to 2014

. . . . . Data Data
1 Correlations Specifications Correlations Correlations
Management Management
2 Education Correlations Specifications Specifications Specifications Education
Moisture
3 Content Mechanistic Mechanistic Data Correlations Correlations
i i
QC/QA QC/QA Management
Influence
4 Data Non-Uniformit Ic Demo Projects | Non-Uniformit SR
-Uni i -Uni i
Management / Advancements : v ROI
. Data . . Output . .
5 Demo Projects Demo Projects Education L Specifications
Management Standardization
6 Mechanistic Demo Projects | Non-Uniformity | Non-Uniformit sensor Non-Uniformit
-Uni i -Uni i -Uni i
QC/QA ) y y Calibration y
Data Output Mechanistic
7 Non-Uniformity | Influence Depth Education
4 3 Management | Standardization QC/QA
IC Output
8 Specifications p . Database Influence Depth | Influence Depth
Advancements | Standardization
9 Influence Depth Education Influence Depth Mechanistic Demo Projects Sensor
P P QC/QA ) Calibration
10 Promoting Best Database Education Influence Depth Mechanistic IC
a ucati nfluence
Practices P QC/QA Advancements
IC IC
11 — — Database Database
Advancements | Advancements
Sensor
12 — — . . Sustainability Database Demo Projects
Calibration
Sensor Output
13 — — — Sustainabilit
Calibration y Standardization
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Table 3. Revised IC road map research, implementation, and educational elements, 2nd TTICC workshop

IC Road Map Research, Implementation, and Educational Elements

Data Management and Analysis [1*]. The data generated from IC compaction operations is 100+ times more than
traditional compaction QC/QA operations and presents new challenges. The research element should focus on data
analysis, visualization, management, and be based on a statistically reliable framework that provides useful informa-
tion to assist with the construction process control. This research element is cross cutting with elements 2, 3,5, 7, 8, 11,
and 12.

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

ogy and specification implementation. Materials generated for this element should include a broadly accepted and
integrated certification program that can be delivered through short courses and via the web for rapid training needs.
Operator/inspector guidebook and troubleshooting manuals should be developed. The educational programs need
to provide clear and concise information to contractors and state DOT field personnel and engineers. A potential out-
come of this element would be materials for NHI training courses.

Intelligent Compaction and In Situ Correlations [3*]. This research element will develop field investigation pro-
tocols for conducting detailed correlation studies between IC measurement values and various in situ testing tech-
niques for earth materials and HMA. Standard protocols will ensure complete and reliable data collection and analysis.
Machine operations (speed, frequency, vibration amplitude) and detailed measurements of ground conditions will be
required for a wide range of conditions. Relationships between HMA and WMA mix temperature, roller measurement
values, and performance should be developed. A comprehensive research database and methods for establishing IC
target values will be the outcome of this study. Information generated from this research element will contribute to
elements 2,7, 8,10, and 12. There is a need to define “gold” standard QC/QA in situ test measurement for correlations
depending on the material type (i.e., soils, base, or asphalt).

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

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

Understanding Impact of Non-Uniformity on Performance [4*]. This track will investigate relationships between
compaction non-uniformity and performance/service life of infrastructure systems—specifically pavement systems.
Design of pavements is primarily based on average values, whereas failure conditions are affected by extreme values
and spatial variations. The results of the research element should be linked to MEPDG input parameters. Much needs
to be learned about spatial variability for earth materials and HMA and the impact on system performance. This ele-
ment is cross cutting with elements 1, 2,and 7.

In Situ Testing Advancements and New Mechanistic Based QC/QA [10*]. This research element will result in new in
situ testing equipment and testing plans that target measurement of performance related parameter values including
strength and modulus. This approach lays the groundwork for better understanding the relationships between the
characteristics of the geo-materials used in construction and the long-term performance of the system.

*1st TTICC workshop rating.



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

10.

11.

12.

13.

Standardization of Roller Sensor Calibration Protocols [6*]. IC rollers are equipped with measurement sensors
(e.g., accelerometers in the case of vibratory-based technologies), GPS, data logging systems, and many on-board elec-
tronics. These sensors and electronics need periodic maintenance and calibration to ensure good repeatability in the
measurement systems. This research element will involve developing a highly mobile mechanical system that could
simulate a range of soil conditions and be deployed to a project site to periodically verify the roller output values.
Further, establishment of a localized calibration center (similar to a falling weight deflectometer calibration center) by
a state agency can help state agencies periodically verify the repeatability and reproducibility of the measurements
from their sensors and other electronics.

Understanding Roller Measurement Influence Depth [8*]. Potential products of this research element include
improved understanding of roller operations, roller selection, interpretation of roller measurement values, better field
compaction problem diagnostics, selection of in situ QA testing methods, and development of analytical models that
relate to mechanistic performance parameter values. This element represents a major hurdle for linking IC measure-
ment values to traditional in situ test measurements.

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

Intelligent Compaction Research Database [12*]. This research element would define IC project database input
parameters and generate web-based input protocols with common format and data mining capabilities. This element
creates the vehicle for state DOTs to input and share data and an archival element. In addition to data management/
sharing, results should provide an option for assessment of effectiveness of project results. Over the long term the
database should be supplemented with pavement performance information. It is important for the contractor and
state agencies to have standard guidelines and a single source for the most recent information. Information generated
from this element will contribute to elements 2, 3,7,9, and 10.

Project Scale Demonstration and Case Histories [9*]. The product from this research element will be documented
experiences and results from selected project level case histories for a range of materials, site conditions, and locations
across the United States. Input from contractor and state agencies should further address implementation strate-

gies and needed educational/technology transfer needs. Conclusive results with respect to benefits of IC technology
should be reported and analyzed. Information from this research element will be integrated into elements 1, 2, 4,

and 7.

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

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

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

a. Define requirements (how to deal with legal issues in data sharing, and o

how to archive data)

b. Discuss with other state DOTs X

c. Enhance Capabilities of Software’s X

d. Need Real Time Data Processing/Delivery Capabilities X

e. Identify Future Use Needs for Data X X
2. Education and Certification Programs

a. Develop Videos (IC101, 201, 202) x?

b. Operator Training Programs X

c. Certifications for IC Data X
3.IC and In Situ Correlations

a. Develop a Standard Calibration Procedure (Nonnuclear Gauge) x3

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

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

a. Develop a Green Value Proposition X

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

c. Improvement in Safety X X
6. IC Specifications/Guidance

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

b. Establish a Review Committee X

c. Create Online Mechanism to Track Document Updates (versions) X

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

e. Review Specifications X X

f. Share TTICC Vision X

'Tdentify GIS data archival protocal (1 page)
*Develop IC101 3 minute version video
*NCHRP synthesis on existing correlations



Summary of Key Outcomes

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

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

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

3. Developed list of action items for the TTICC group, industry, and FHWA to advance and accel-
erate implementation of IC technology into earthwork and asphalt construction practice.
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Appendices

Appendix A: Workshop Agenda
Wednesday, September 3, 2014

8:00 am Shuttle picks up participants at Crowne Plaza entrance and transports to PennDOT

8:15am Coffee and continental breakfast available

8:30 am Introductions

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

9:30 am  State DOT IC implementation updates (CA, GA, IA, KY, MO, OH, PA, VA, W1, VT,
FHWA)

10:00 am Morning break

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

11:00 am PennDOT IC experience and showcase project

12:00 pm Lunch

1:00 pm Working breakout sessions to identify and discuss:
+ Opverall grading and HMA compaction and QC/QA problems, challenges, opportunities
o Reprioritize/add/delete IC/CCC technology research/implementation needs
« Training needs for contractors and agency personnel
» Review for HMA, aggregate bases, and soils specifications (Mn/DOT, FHWA, SHRP2 R02)
« TTICC goals for 2015

3:00 pm Afternoon break

3:15pm Working breakout discussions (continued)

4:30 pm Wrap up and transport participants back to Crowne Plaza

6:00 pm Working dinner — TTICC business meeting at the Crowne Plaza, Pennsylvania DE
Room
o TTICC budget review
o Identify demonstration projects
« Availability for Geotechnical Mobile Lab for projects/training

8:00 pm Adjourn for the day

Thursday, September 4, 2014

7:45am Shuttle picks up participants at Crowne Plaza Hotel and transports to PennDOT
8:00 am Coftee and continental breakfast available

8:15am Working session to discuss IC spec development for HMA, aggregate bases, and soils
10:00 am Morning break

10:15 am Working session (continued)

11:00 am Summary and direction forward

11:30 am Wrap up



Appendix B: Workshop Attendees

Bill Ahearn

Vermont DOT

Materials and Research Section
2178 Airport Road Unit B
Berlin, VT 05641

802 828 2561
bill.ahearn@state.vt.us

Alfred Casteel
Georgia DOT

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

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

Edward Hoppe

Virginia DOT

530 Edgemont Road
Charlottesville, VA 22903

434 293 1960
edward.hoppe@vdot.virginia.gov

David Hunsucker

Kentucky Transportation Center
176 Raymond Building
Lexington, KY 40506

859 257 8313
david.hunsucker@uky.edu

Tim Kowalski

Hamm/Wirtgen America

615 501 0600
tkowalski@wirtgenamerica.com

James Lee

CalTrans

1801 30th Street
Sacramento, CA 95816
916 274 6095
james_n_lee@dot.ca.gov

Sheri Little
Pennsylvania DOT
81 Lab Lane
Harrisburg, PA 17110
717 787 3584
slittle@pa.gov

Kirk McClelland

AB Consultants

7020 Tudsbury Road
Baltimore, MD 21244
443 729 2650

kirk.mcclelland@abconsultantsinc.com

Kevin McLain

Missouri DOT

Construction and Materials
1617 Missouri Blvd, PO Box 270
Jefterson City, MO 65102

573 680 0737
kevin.mclain@modot.mo.gov

Antonio Nieves

Federal Highway Administration
Office of Infrastructure

1200 New Jersey Ave. SE E73-446
Washington, DC 20590

202 366 4597
antonio.nieves@dot.gov

Todd Pollock

SITECH Allegheny

200 Bursca Drive, Suite 205
Bridgeville, PA 15017

855417 0290
tpollock@sitechallegheny.com
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Ian Rish

Georgia DOT

Office of Materials and Research
15 Kennedy Drive

Forest Park, GA 30297

404 608 4726

irish@dot.ga.gov

Adam Ross

Kentucky Transportation Cabinet
360 Crossfield Drive

Versailles, KY 40383

502 782 5155

adam.ross@ky.gov

Judith Ryan

Wisconsin DOT

Bureau of Technical Services
4802 Sheboygan Ave
Madison WI 53705

608 246 5456
judith.ryan@dot.wi.gov

Melissa Serio

Iowa DOT

Office of Construction & Materials
800 Lincoln Way

Ames, 1A 50010

515239 1280
melissa.serio@dot.iowa.gov

Stephen Slomski

Ohio DOT

Construction Administration
1980 West Broad Street
Columbus Ohio 43223

614 466 4318
stephen.slomski@dot.state.oh.us

William Stone

Missouri DOT

Construction and Materials
1617 Missouri Blvd, PO Box 270
Jefterson City, MO 65102

573 526 4328
william.stone@modot.mo.gov

Pavana Vennapusa

CEER, ISU

2711 S Loop Drive, Suite 4700
Ames, IA 50010

515294 2395
pavanv@iastate.edu

David White

CEER, ISU

2711 S Loop Drive, Suite 4700
Ames, IA 50010

515294 1463
djwhite@iastate.edu

Matt Wilson

Groff Tractor and Equipment
Paving & Recycling Products
100 Smith Drive

Cranberry Township, PA 16066
724 242 3567
mattwilson@grofttractor.com

Mark Woolaver

Vermont DOT

802 828 2593
mark.woolaver@state.vt.us



Appendix C: Workshop Presentations

The following presentations were made at the workshop event and are provided herein in that order:
1. TTICC General Meeting Slides
2. “Rules of Thumb for Using Stifftness-Based Testing in Earthworks” by David J. White
3. “Intelligent Compaction: The Initial PennDOT Experience” by Daniel E. Clark
a. Presentation Outline
b.  Presentation Slides
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CEER

CEER Update — Webpage, and T2 Briefs
www.ceer.iastate.edu/tticc

Technology Transfer for Intelligent Compaction Consortium (TTICC) 3™ Workshop Meating

CEER

TTICC General Meeting Slides

Upcoming IC Opportunities?

- NCHRP Project RFP?
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Technology Transfer for Intelligent Compaction Consortium (TTICC) 3™ Workshop Meating

1:00 to 3:00 PM - BREAKOUT SESSIONS

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

opportunities

v

Re-prioritize/add/delete IC/CCC technology researchfimplementation
needs
= See 2™ Workshop Report Executive Summary
# Training needs for contractors and agency personnel
#» Review for HMA, aggregate bases, and soils specifications (Mn/DOT,
FHWA, SHRP2 R02)
» TTICC goals for 2015

CEER

Technology Transfer for Intelligent Compaction Consortium (TTICC) 3™ Workshop Meating

AGENDA - Wednesday, September 3, 2014
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900 am TICC update by C wideo, spcaming IC
530 am State DOT I implementation updates (CA. GA WA, KY, M0, OH, PA VA WA VT, & FHWA)
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100 pm wa&.:um-iu sniaions 10 idermdy and dacuis
»! rading and HUA compaction and GC/OA problams, chalisiges, copoduritios

Re-promtae'sdsdeiets 1CTCC technology reseasch/mplementaton nesds.

Trmsning raeds for contractary and agency parsonnel

R for HMA, scregate basas. od sols specibcations (WWDOT. FHWA. SHRPY R0Z)
TTCC geats der 2015

300 pm Afternoan Break
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B:00 pm Az kx the day

CEER

Technology Transfer for Intelligent Compaction Consortium (TTICC) 3™ Workshop Meating

6:00 to 8:00 PM — WORKING DINNER

» TTICC budget review
7 |dentify demonstration projects
# Availability for Geotechnical Mobile Lab for projects/

training

CEER

Technology Transfer for Intelligent Compaction Consortium (TTICC) 3™ Workshop Meating

AGENDA - Thursday, September 4, 2014

T:45am Shutle picks up parsicipants al Crowne Plaza Hotel and transports to PennDOT
B:00 am Coffew and continental breakfast avadabie
8:15am ‘Working session to discuss IC spec development for HMA,
: aggregate bases, and soils
10:00 am Marning break
10:15 am Working session (continued)
1:00am Summary and direction forward
1:30am Wiap up

CEER

TTICC General Meeting Slides
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Based Testing in Earthworks

[OWA STATE UNIVERSITY

Center for Earthworks Engineering Research

Rules of Thumb for Using Stiffness-Based
Testing in Earthworks

David J. White, Ph.D., P.E.

Assaciate Professor and hokder of Richard L Handy Prolessorship
Dureclor, Center for Eafttwerks Engineering Research (CEER)
Department of Civil, Construcion and Emdronmental Engineenng
lowa State Uriversity, 515 204 1463

dpetuediiastale edu

i, ceer instabe edy

CEER

Rules of Thumb for Using Stiffness-Based Testing in Earthworks

In practice, specifications for earthwork are fixated on
Proctor compaction test results for QC/QA.

Taeget 1

i i
:lagetw:l'uu“

¢ limits ¢

Wi

Relationship between moisture content and density of geomatenial
(from White et al. 2010)

Center for Earthworks

IOWA STATE UNIVERSITY

Engingering Research

An important consideration for compacted materials is
the shear strength/stiffness of the material.
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Center for Earthworks
Engineering Research

IOWA STATE UNIVERSITY

Moisture control limits can
be set based on desired
volume change
characteristics as a
function of overburden
stresses.
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Center for Earthworks
Engineering Research

IOWA STATE UNIVERSITY

Compaction energy and moisture content change density about
10% and strength/stiffness 500%.

00 200000 —
= Mistars Contint (%)
ém‘ _ieoe] —e—53
I —o—0f
400 H 112
&l e —.— 129
§ 300
g Mesisnurn Content ()
Fm 53 T
g —o—-A08
e 112 Ao
| =0 e
[ o .,
100 1000 10000 - 100 1000 10000
Compaction Enargy (kiim®) Compaction Ensrgy (e’
FISURE B Semilogarithmis relstionstip batwsen undrained sheer  FEUFE 7 madutis and
strangth snd compaction anargy as & function of watee centant. S L L S

(White et al 2005)

Center for Earthworks
Engineering Research

IOWA STATE UNIVERSITY

Isobars overlain on M-D plots can show changes in strength and
stiffness.
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Rules of Thumb for Using Stiffness-Based Testing in Earthworks

Traditional density based specifications
indicate bias during QC testing.
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Maisture Content (%)

\White et al 2013

Center for Earthworks
Engineering Research

IOWA STATE UNIVERSITY

Dry Linit Weight {pef)

Traditional density based specifications
indicate bias during QC testing.
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Center for Earthworks
Engineering Research

OWA STATE UNIVERSITY

Traditional density based specifications
indicate bias during QC testing.
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Center for Earthworks
Engineering Research

IOWA STATE UNIVERSITY
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Engineering Research 10

— A long habit of not thinking a thing wrong, gives it a
superficial appearance of being right, and raises at first
a formidable outcry in defense of custom—

(Paine, 1776).

Center for Earth
Engingering Res

IOWA STATE UNIVERSITY

Center for Earthworks
Engineering Research
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Based Testing in Earthworks

Rules of Thumb for Using Stiffness-Based Testing in Earthworks

QC/QA nuclear testing shows lack of reproducibility.

T ] R s 0855 P [w=o0si )
x Standars Error = 2.4% o vae | Standard Error = 43 pet .
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: 2 2 ™ 10 ] n
O Mossum Content (%, dry weight basis) G Wl Uil Weaght [pef)
Seures Wiste, D (2013 “Esrtiwerk Parsrmance Speciication lstageating Pres! Magpineg
a0 Awmatas Inaits Testng A ot fom SHRE ROT

Center for Earthworks
Engineering Research

IOWA STATE UNIVERSITY

—MoDOT is looking for a technology that both MoDOT
and the construction industry can utilize during QC/QA
that can provide information with more uniform coverage
of compaction data than traditional methods with an
outcome being the elimination of nuclear density

testing.

(Stone, 2011)

Center for Earthworks
Enginggring Research

Keeping track of lift thickness and pass
coverage is almost impossible.
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Center for Earthworks
Engineering Research

IOWA STATE UNIVERSITY

QC/QA nuclear testing showed lack of
reproducibility and did not capture the wide range in
stiffness values measured.
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Center for Earthworks
Engineering Research

IOWA STATE UNIVERSITY

Acknowledgment of problems and mistakes
is difficult.

—they are an essential part of experimentation and a
prerequisite for innovation. So don't worry. —

(Harvard Business Review, 2014)

Center for Earthworks
Engineering Research

IOWA STATE UNIVERSITY

Proof rolling can be substituted with stiffness-
based assessment.

for Earthworks
Engineering Research

IOWA STATE
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Rules of Thumb for Using Stiffness-Based Testing in Earthworks

MOF

Proof rolling can be substituted with stiffness-
based assessment.
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Center for Earthworks

Engineering Research

IOWA STATE UNIVERSITY

For some materials, IC can be linked to both

density and stiffness. _
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Center for Earthworks
Engineering Research

IOWA STATE UNIVERSITY

However, traditional density
measurements normally do not properly
capture the “weak” spots.
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Center for Earthworks _
Engineering Research<

IOWA STATE UNIVERSITY

1 . JOWA STATE UNIVERSITY

—The primary problem is not so much to determine the average
conditions, as it is to make reasonably certain that possibly the
most unfavorable conditions are known over a given area that
may give rise fo soft spots—

Donald M. Burmister (1948).

Center for Earthworks
En ginggring Research

— The AASHTO design methodology requires the
mean k-value, not the lowest value measured or some
other conservative value —

— Exclude from the calculation of the mean k-
value...values that appear to be significantly out of line
with the rest of the values—

(MEPDG Design Guide from NCHRP 1-37A Part lll, March 2004)

Center for Earthworks
Enginggring Research

IOWA STATE UNIVERSITY

Cement stabilization process does not
necessarily provide uniform support conditions

Comart Siabied Subgrate
a

Z
Z

Center for Earthworl
Engineering Resear

IOWA STATE UNIVERSITY
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Based Testing in Earthworks

Rules of Thumb for Using Stiffness-Based Testing in Earthworks

“Weaker” subgrade soils have a large influence on composite
stiffness measurement.

250
IERM TIMATE STOERROR tRafe Pressi

. 2004 ntercept | 17048 3559 4740 <0000
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2 150 { {

o Ad. RE =085

E 100 :

3 >4 Gravel layer — 14% influence

@

Subgrade layer — 86% influence

! . ) } on FWD composite stiffness
0 50 100 150 200 250
Measured E,.., (MPa)

Source Veenapusa, P Whie D.J . Mier, DK (013} Wesbern lowa Mesaous Rt F — Gusirfmatructors Damage
Assassmant Repar and Mtgation Strateges, TR-613 Final R‘lwﬂ lowa Deganimant of Transponaton. Ames. lowa

Center for Earthwork:

IOWA STATE UNIVERSITY

Engineering Research <~

Foundation layer stiffness have a large influence on
stiffness measurements over asphalt layer.

25
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“Weaker” underlying layers contribute to
rutting on surface.
£ L-\\“‘**_-t.

Center for Earthworks __

Engineering Re search 2/

— Always make things as simple as possible, but
not simpler—

Albert Einstein

Center for Earthworks
Engineering Research

Stiffness-based IC spemf cations i mcrease
cost. E—

1.1%

Source: \Whte, 0.J. Vemapusa B
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Er i Comppoios
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Center for Earthworks
Engineering Research

IOWA STATE UNIVERSITY

It is important to let the soil rest between tests,
to avoid physical therapy.

Thank you!

Engineering Research
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Intelligent Compaction: The Initial PennDOT Experience

Technology Transfer

ga[):ii!"i't gITZ:!f; rE:tlEn PennDOT IC Intelligent Compaction
Hartisburg, PA 17110 Presentation Outline Consortium

September 3-4, 2014

Intelligent Compaction of Asphalt (Bituminous) Pavements

e Cover
¢  “Road Work” sign
e Authorization

The PennDOT IC Process

e District proposes a project

* NPlreviews the proposal

¢ NPIdrafts a spec and a cost estimate

¢ NPl attends the preconstruction meeting

e NPl attends the pre-pave meeting

s NPl attends the training

e NPl attends the construction start up

e NPl collects the data and reviews it

¢ Based on the review, NPl recommends payment

The PennDOT IC Process - Deviations
e The Districts do not always coordinate with NPl in accordance with the IC process.
IC Technical Challenges

s Multiple projects, limited staffing
e Overwhelming amount of data generated
o Difficulty of using VEDA software

IC Policy Challenges

e Changes needed by the contractors
o Personnel training
o Change operations as a result of the IC data
¢ Construction changes needed by PennDOT
o Existing mat acceptance criteria 408 Sec 409.3(j)
+ Non-movement —scratch/leveling, small patches
+  Optimum Rolling Pattern —small quantities (< one lot), unstable base, thick leveling courses,
non-critical areas, thin lifts
+ Pavement Cores — random locations, 6” cores ASAP, not later than the day following placement,
2500-ton lots, 500-ton sublots
o Proposed mat acceptance criteria
Include strategic sampling based on IC data
How many samples? As many as needed to explore all anomalies?
When take the samples? Need more time to review the data.
What actions are required if the IC samples fail?
Should we add the IC samples to regular acceptance samples to determining averages?
Or remove and replace (R/R) based on per sample basis? If R/R is required for 50%+, then R/R
the entire lot?

L 2R R R N R 2
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Intelligent Compaction: The Initial PennDOT Experience

. Technology Transfer
3?)::‘3!{}5&1::5;:5" PennDOT IC Intelligent Compaction
P 1y Presentation Outline Consortium

Phone: 717.787.3137

September 3-4, 2014

e Non-construction changes which could benefit PennDOT
o Pavement Design Unit
o Pavement Asset Management Section
e Do we want to keep the IC data for posterity?
e |If yes, then who is going to keep / review / archive the data?
e  Where is the data going to be kept?
e Who will have access to the data?
= Whoever accesses the data should be properly trained
o Should this task be added to existing responsibilities or should there be a new position for this
work?

IC Project Details

e SR 18, 3.2 miles, rural, small towns, 2-lane, mill & fill, many pavement sections

o |79, 4.8 miles of 6-lane interstate, shallow mill & fill, thin lift overlay, static compaction

e D-11 group project, mill & fill —SR 30, 4.3 miles, rural, 2-lane —SR 51, 2.5 miiles, urban, 2-lane — 3.9 miles
of bituminous pavement over old RCCP, layer thicknesses unknown — 0.4 miles of bituminous pavement
over native stone subbase, layer thicknesses unknown.

e SR 422, 3.7 miles, rural, 3-lane, high volume principal arterial NHS route, mill & fill

e |-180, 6.5 miles, 4-lane interstate, mill & fill, SMA

IC Implementation / Construction

e Non-ICissues
e |Clssues
o Specifications
o Contractor IC QC plan
» Test section data not available — therefore, no ICMV target value
» Presumes you can analyze the data in the field on-the-fly
o Contractor IC Workplan
» Photos of IC Equipment
Rollers
Accelerometer
Temperature Sensors
On-Board Computer
Display
GPS
Rover
Base Station
o Manufacturers classroom and field training
» Content
» Execution
v" Roller operator training (photos)
v" Roller operators ignoring IC display {photos)
e Construction Issues
o Tree shadowing

A N N NN
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Intelligent Compaction: The Initial PennDOT Experience

o Roller networking
o Processing the data in the field
o Having a rover is absolutely essential

IC Data Analysis

Existing pavement sections

o Markin field

o  Correlate with IC data obtained

Look for incompleteness & inconsistencies
Future uses of IC data

IC Software Commentary

HAMM Software

o Unique advantages

o Still working with the IC Technical Support to get all the required features running properly.

o Default datafile locations

HAMM & VEDA Software

o Common hard-to-use features — resolution and zoom features

VEDA software

o Default datafile locations - VEDA software saves data where it found it — this is a good feature.
o Nonetheless, the VEDA software is generally hard to use and not at all user friendly.

o It takes a long time to load, and shuts down without notice if you click a button too fast, etc.

o The VEDA software locates data points only by coordinates.

o Suggested improvements

Distance measuring tool

Higher resolution

Faster processing

Continuous zoom infout

Mapping activity indicator — hourglass

Input list of coordinates

Make sections by distances, boxes, computer generate its own coordinates. Make sections end-
to-end.

Y VYV VYVYYY

Conclusions

The contractual obligations went fairly smoothly.

The IC equipment performed as expected. A minor amount of GPS data was lost due to overhanging
trees. Some data was lost due to operator error.

The manufacturers training had mixed results depending on the location and the trainer.

o  Contractor attitude

o  Operator attitude

The HAMM data collection system worked well on most projects — the I-79 project has been a
problem from the start

The Sitech data collection system worked well on all projects - however, it has large data files, and
requires access to Sitech server.
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Technology Transfer

B\a[):i‘_ft!"i't Slna.-,:!; rl;tEn PennDOT IC Intelligent Compaction
Harisburg, PA 17110 Presentation Outline Consortium

Phone: 717.787.3137

September 3-4, 2014

e At this time, data analysis in the field is difficult at best.
IC Lessons Learned

e More cooperation required between Districts and NPI

¢ More cooperation required between contractor QC person and PennDOT Inspector

e PennDOT should supply thumbdrives

e Roller operators really need an attitude adjustment — work with Local Operating Engineers?

e Districts need to understand / embrace the purpose of the Research Cores

e “Realtime” data analysis may be possible with a high level of proficiency, but it is not hardly remotely
possible at this time.

® A high level of proficiency is required to minimize confusion, frustration and misleading results.

e Always safeguard the original data files.

e Good files names and storage locations are absolutely essential to good data management.

IC Issues to be Resolved

e AAR with the contractors are planned. We hope they will be mutually beneficial.

e PennDOT and contractor observations should be used to help shape the next draft of the IC
specification.

e Handling / processing / storage of data files —who, how, where, when, why, etc.
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INTELLIGENT COMPACTION:
The Initial PennDOT Experience

Technology Transfer Intelligent

Compaction Consortium
September 3-4, 2014

TIT.T8T.3137

pennsylvania

DEPARTMENT OF TRANSPORTATION

Intelligent Compaction: The Initial PennDOT Experience

Intelligent Com paction pf Asphalt Pavements

Intelligent Compaction of Asphalt Pavements The PennDOT IC Process

*« The FHWA, the Administration, and the Bureau of
Planning and Research are driving the implementation of
STIC Initiative F-2012-001, Intelligent Compaction (IC).

« Dan Clark, from the Central Office (NPI), and Bill
Kovach, ADE Construction from District 12-0, have been
charged to implement IC.

+ The Districts contact NPl with a proposed project. NPI
collects information about the location and size of the
project, the nature of the proposed improvements, the
existing pavement sections, and assesses the likelihood
of this project generating beneficial information. If the
project is considered to be a viable candidate, the project
is accepted for IC and moves forward.

+ NPI prepares a project specific special provision for use
on the project, and, based on contracts awarded to date,
a cost estimate for the District's information. The District
fills in the Item Numbers in the special provision and lets
NPI review it before it goes to contracting.

The PennDOT IC Process The PennDOT IC Process

+ After the contract is awarded, NPI attends the
preconstruction conference to meet the various parties
and responds to questions that may arise regarding the
IC specification.

+ The PennDOT Project Manager keeps NPI informed of
the construction schedule so NPl may participate in key
activities.

+ NPI attends the pre-pave conference to again confer
with the parties and to respond to questions that may
arise regarding the IC specification.

* NPI attends the manufacturer’s training program to
become more familiar with it, to ask questions, to
respond to questions that may arise regarding the IC
specification, and to discuss lessons learned.

+ NPI attends the start up of the intelligent compaction
paving work in the field to observe the implementation, to
meet with various parties, to note any items in the
specification which may need adjustment to improve the
work flow in the field, and to respond to questions that
may arise regarding the IC specification.

* NPI collects the IC data and reviews it for completeness.
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The Initial PennDOT Experience

+ Payment for IC is presently based on completeness.
The quality of the work as disclosed by the data is
expected to be worked into the payment formula at some
point in the future after the Department and a sufficient
number of contractors have developed some experience
with IC.

+ If the data is complete as required by the contract, NPI
recommends that the contractor be paid in full for this
item.

+ This concludes the construction portion of this IC project.

Intelligent Compaction: The Initial PennDOT Experience

The PennDOT IC Process The PennDOT IC Process - Deviations
i i

+ The Districts do not always contact NPI before an IC
project is awarded.

+ The Districts have been known to swap special
provisions without checking with NPI for the latest
version.

+ The Districts sometimes inform NPI about a project the
day before paving starts. Consequently, NPI has to
scramble to get to the site to observe the project start up,
which is when most of the things that can go wrong, do
go wrong.

IC Technical Challenges IC Technical Challenges

+ Sometimes, NP| works the day shift at one site and the
night shift at another because there are simply not
enough NPI staff to go around.

+ NPI collects the IC data and attempts to review it for
completeness.

+ Using the VEDA software is a formidable challenge.
NPI has been
struggling to learn this on-the-fly. The data is
coming in much faster than possible for one person to
review in addition to their other duties. Small
accomplishments, i.e., being able to get anything useful
out of the program, are recognized as milestones.

* NPl is grateful for our new friends at the IC Technical
Support Services in Texas!

However, this is
just
the beginning

IC Poalicy Challenges IC Policy Challenges

* NPl is collecting massive amounts of data. This data
has some immediate uses and some other on-going
uses.

+ Immediate uses to the contractor are to optimize the
paving operations — however, this requires the paving
foreman / superintendent to pay attention to the roller
operator and / or the IC data being generated by the
roller.

$ PROFIT $

= Current mat acceptance criteria is per 408 Section
409.3(j).

= Non-movement — scratch, leveling, small patches

= Optimum rolling pattern— small quantities (< one lot), unstable
base, thick leveling courses, non-critical area, thin lifts.

« Pavement cores — random locations, 6" cores ASAP, not later
than the day following placement, 2500-ton lots, 500-ton sublots,
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IC Poalicy Challenges

—’I * Immediate uses to the Department include monitoring
the number of passes and the temperature during
compaction. With this information, the Department can
consider revising Pub 408 Sec 409.3(j)3 "Optimum
Rolling Pattern” to allow more liberal use of this mat
acceptance method or to increase the lot size for mat
acceptance under Pub 408 Sec 409.3(j)4 “Pavement
Cores.”

QUALITY

Intelligent Compaction: The Initial PennDOT Experience

IC Policy Challenges

—’I * The bituminous mat
acceptance procedure
should be changed from
entirely random sampling
to allow for strategic
sampling of suspect areas
based on the IC data.

= The IC data must be analyzed
quickly so that cores can be
obtained at strategic locations
prior to opening to traffic— OR
- cores can be taken later,

with traffic control if necessary.

(RS —
Forexample: the above map
indicates the right side of the
road was compacted at 200°F
while a good portion of the left
side of the road was only 100°F.
Was the required density
achieved in the cold spots?

IC Poalicy Challenges

—’I « Proposed mat acceptance criteria:

.« Include strategic sampling based on IC data.

s How many samples are required? As
many as needed to explore all anomalies? Need to
define the size of an anomaly that warrants investigation.

When take the samples? Need time to review the data.

o

o

What actions are required if the IC samples fail?

= Should we add the IC samples to the regular acceptance
cores to determine averages?

IC Policy Challenges

+ Sidebar: Should we consider two modes of IC sampling
— one for when cores are taken within minutes of
completion, and another for when cores are taken later?
The IC sampling criteria will need to be indicated in the
contract documents in advance of construction.

@

IC Policy Challenges

—’I « Other on-going uses may include the pavement design
section and pavement maintenance forces.

» Forinstance, the Pavement Design Unit might be interested to
know if 17 pavement sections all provided the same stiffness
value. Perhaps some of these sections are more economical to
constructthan others. PennDOT might be able to save money
by using the more cost effective pavement section that provides
the desired stiffness value.

= The Pavement Asset Management Section might like to flag
areas that the IC reveals to be "soft”. Those areas could be put
on a watch list and repairs / mitigation could be scheduled
sooner than just waiting until failure occurs.

IC Policy Challenges

Low stiffness (0-20) is
indicated when underlain
by brick pavement.

Zones of higher stiffness
(40-100) are indicated when
underlain by PCC pavem't.
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The Initial PennDOT Experience

IC Poalicy Challenges

—’I + Referring to the massive amounts of data NPl is
collecting:

o

Does PennDOT want to keep the data?

Whois going to be the gatekeeper of the data?

o

= Whois going to be notified when data is available for
downloading and / or analysis?

How will that notification be done? By auto-generated email?

o

How will that data be identified / labelled?

a

= Whois going to review all the data generated?

Intelligent Compaction: The Initial PennDOT Experience

IC Policy Challenges

= What are we looking for in the data? Each unit may have its
own, and different, purposes. Should each unit review the data
for themselves or should there be one person reviewing the data
and disseminating it to the various interested parties as
warranted?

= Whois going to reformat the data when the Department moves
on to a newer computer system?

Should the data be keptin the Central Office or in the Districts?

o

= Whoneeds to have access to the data?

= Which servers should be used to store the data and what
permissions need to be granted for the appropriate people to
access the data?

IC Poalicy Challenges

—’I « Everyone involved with handling and/or reviewing the IC
data needs to understand the origin (theoretical basis) of
the data, the idiosyncrasies (limitations) of the data, and
the use of the proprietary software. This could get to be
a long list of people who will need training. We will not
likely know who all these people are initially — we will
need a way to train people on an as-needed basis.

+ Adding these responsibilities on top of existing
workloads will likely result in less than optimum benefit.
Where would we insert a person dedicated to IC? Who
would they answer to? What would that job description
look like? If they ever ran out of IC work, what would be
their back up assignment(s)?

IC Policy Challenges

From the above discussion, it seems that there needs to
be some guidance from the Administration with possible
modifications to a number of current PennDOT policies /
standards / protocols. Funding also needs to
accompany these changes.

IC Project Details

5 Current Projects

IC Project Details

LEGED) - * Beveach Posjects
- High Fromem Sust
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IC Project Details

12ECMS 75880 SR D-11 ECMS 91148 D-10 ECMS 100286
18 Sec 20R 45,130 SR 30 Sec A27 & SR 422 Sec 299
SY, 3.2 Miles SR 51 Sec AB9 112,364 SY, 3.7 Miles
Mill & Fill 1.5™ 137,493 SY, 10.4 Miles Mill & Fill 2.0
A. Folino Mill & Fill 2.0" Glenn O Hawbaker, Inc.
Construction, Inc. The Lane

D-11 ECMS 94806 D-3 ECMS 87577

SR 79 Sec A58 Construction Corp. SR 180 Sec 7T3M --

Intelligent Compaction: The Initial PennDOT Experience

IC Project Details

PennDOT District 12-0, Washington County
ECMS # 75880, SR 18 Sec 20R
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: - 12 ! md{;‘

1

9
reubenville
ALT

IC Project Details

PennDOT District 12-0, Washington County,
ECMS # 75880, SR 18 Sec 20R, Burgettstown to Atlasburg

SR 18 is 3.2 miles of a 2-lane road connecting one small
community with two villages to the south.

The project plans indicated 8 different pavement
sections along the length of the roadway.

« 4 sections consisted of 5.0 to 8.5 inches of HMA over concrete
pavement.

= 2 sections were |D-2 over brick.

= 1 sectionwas 6 inches of HMA over recycled BCBC.

» 1sectionwas 13.5 inches of HMA over 18 inches of subbase.

The proposed improvement was to mill & fill 1.5 inches.

IC Project Details

| s
| Ream:
798430,
|B76+18]

[882e12

lon | Length |Thickness Pavement Description
To | i) | im) |

876418 7788 145 [3.5710-2HMAcntopata (6 xE 6 b 3 HIMA wit &Rt
[consiting of 9" of 1D-2 HMA on top of 3° Bituminaus Concrate on top of 12° of Natural

imu Basa

882412 584 110 i!'nllD-! pola|E°x8"xE") an 11" HMA LRt

lconsisting of 8° of ID-2 on a 6° Slag Base

§38478] 4267 145 [5.5° 102 HMA ontop of & (67 8% 6°] concrate pavemant with 2 3' HMA widening Lt &
Rt conshting of 87 1D-2 HMA on top of a concrete pavement underain by 12° of Natural
Stone Base

321| 140 |8 of ID-2 HMA on top of a (6°x 8"x 67 witha 3 d &
" of ID-2 HMA on top of a 127 Natural Stone Base

800 9.5 &" of ID-2 HMA on top of 3.5 of Brick
| 1681 65 |37 of ID-2Z HMA ontop of 3.57 of Brick

131 | 160 4" of HMA SuperPave on top of 2” of ID-2 HMA on top of 10”x 24° Recycled Bituminous
Concrete Base

456 [ 315 r'dNMJ\.'uup-r'ntuntwdl.5"wfll}!Hle!nld?'ﬂhumlmnConmlllln
on top of 187 of Subbase

IC Project Details

PennDOT District11-0, Allegheny County
ECMS # 94806, SR 79 Sec A58
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IC Project Details

PennDOT District 11-0, Allegheny County,
ECMS # 94806, SR 79 Sec A58, Bridgeville to Carnegie

SR 79 is 4.8 miles of a 6-lane interstate highway.

The project plans indicated 2 different pavement
sections along the length of the roadway.

= Therampson SR 8005, SR 8007 and SR 8009 consistof 1.5"
SP WC over 2.5" Binder over 13" SP BC over 8" subbase.

» The mainline sections consistof 1.5" SP WC over 2.5" Binder
over 17" SP BC over 8" subbase.

The proposed improvement was to mill 0.5" and backfill
with 0.75" thin warm mix overlay. Static compaction only.
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IC Project Details

PennDOT District 11-0, Allegheny County
ECMS # 91146 SR 30 & SR 51
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IC Project Details

PennDOT District 11-0, Allegheny County,
ECMS # 91146, SR 0030 Sec A27 & SR 0051 Sec AB9

This project consists of 6.8 miles of 2-lane roadway:
2.5 miles in an urban setting and 4.3 miles in a country
setting.

The project plans indicated 2 different pavement
sections along the length of the roadways.

= 3.9 miles of SR 0030 and all of SR 0051 consists of existing
bituminous surface over parabolic RCCP. Layer thicknesses
unknown.

= 0.4 miles of SR 0030 consists of existing bituminous surface
over existing native stone subbase. Layer thicknessesunknown.

The proposed improvement was to mill & fill 2.0 inches.

IC Project Details

PennDOT District 10-0, Butler County

33

IC Project Details

PennDOT District 10-0, Butler County,
ECMS # 100286, SR 422 Sec 299

SR 422 is 3.7 miles of a 3-lane fairly high volume road
connecting Butler to Interstate 79 to the west.

The project plans indicated the pavement section along
the length of the roadway consisted of 1.0" ID-2 WC over
0.5" ID-2 scratch over 1.5" ID-2 WC over 2.0" ID-2
Binder over 4.0" BCBC over 9.0" RCP.

The proposed improvement was to mill & fill 2.0 inches.

IC Project Details

PennDOT District 3-0, Northumberland County
ECMS # 87577, SR 180 Sec 73M
Q;w -—-uw L=/ \_/.—-/ 207~ Hughesville
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IC Project Details

PennDOT District 3-0, Northumberland County,
ECMS # 87577, SR 180 Sec 73M

SR 180 is 6.5 miles of a 4-lane interstate highway
extending from Interstate 80 northwest to Williamsport.

The project plans indicated the pavement section along
the mainline roadway consisted primarily of 1.5" of SMA
over 4" Binder over a 90# WC scratch.

The proposed improvement was to mill & fill 2.25 inches.
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IC Implementation / Construction

Intelligent Compaction: The Initial PennDOT Experience

IC Implementation / Construction

+ Non-IC Issues: cold temperatures, long haul distances,
coordination of trucks, tack not breaking, rain delays,
traffic, inspector parking, working double shifts, etc.

= IC Issues include specifications, contractor IC QC plan,
contractor IC workplan, and manufacturers classroom
and field training.

+ Specifications

= These projects used three variations of the spec: adraftCT
Step 1 dated 08-02-2013, a draft CT Step 1 dated 8-28-2013,
and a draft CT Step 2 dated 02-18-2014. As each projectcame
up, we issued the latest version of the specification complete
with any modifications resulting from recent experiences.

+ The contractor IC QC Plan

» Theoretically, the data from the test section is used to develop a
density-ICMV correlation curve.

1. Data from the test section was generally not made available to us (if at all)
until well after the job was completed.

2, This presumes that you have the capability to process the data on-the-fly in
the field.

38

IC Implementation / Construction

IC Implementation / Construction

= The IC plan generally requires the contractor to pay attention to
the |C data coming off the roller. There has been no indication
that the roller data has been used by the contractorto guide the
rolling operations.

» The IC plan requires the roller GPS to be verified. We have
backed off this requirement because we are told that the HAMM
and Sitech systems are more or less “self-calibrating”. However,
one contractor had an independent rover that he could have
used to verify the roller GPS but no data was submitted to
confirm that this was done.

o

The Districts do not always ask us to review the contractors'IC
QC Plan and IC Workplan. Consequently, opportunities to catch
misconceptions, errors, or omissions are sometimes missed.

* The contractor IC Workplan

= The equipment to be supplied is supposed to be listed on the
contractor's IC workplan.

« However, the equipment supplied does not always match that
listed in the workplan — therefore, take pictures of the equipment
on-site to document what was used.

HAMM Roller

-
Ingersoll Rand Roller Bomag Roller

e Iy

Temperature Sensor

Temperature Sensor
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On-Board Computer

Display Unit ~ GPS Devices
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Intelligent Compaction: The Initial PennDOT Experience

Intelligent Compaction Equipmen

Intelligent Compaction Equipment

The Sitech
Base

'
o

IC Implementation / Construction
* Manufacturer’s Classroom and Field Training

= Content:

1. The first HAMM training class went very well with a good balance between
the thecretical and the practical aspects of IC.

2. The first Sitech training class went well but was more focused on the
theoretical.

3. Both manufacturers provided copies of their training materials for our future
use and reference,

4. The field training has been mixed, The first HAMM field training went wall

with a ion on gravel o the classroom. The first Sitech
field training was at the job site a couple of days after the classroom
training. Sitech made an ing and gl ation on bothd&

IC Implementation / Construction

= Execution:

1. The classroom training went relatively smoothly except that many of the
peocple attending had worked the night before and were tired.
Consideration needs to be given to scheduling the training at a time when
the contractor’s personnel report for work — i.e., meming for day-shift
pecple and evening for night-shift people.

2. The field demonstration on gravel was not the same as rolling HMA; but it

did d all the fi of the hine. The instructor
subsequently showed us how to process the field data to complete the
training.

3. The field demonstration at the job site, rolling a small quantity of preduction
material, best flustrated the features of the machine.

IC Implementation / Construction

4. It seems that over time, the quality of the instruction is diminishing - either
the instructor is f g that the audi has new faces, or a proxy
trainer is used who does not have the same presenting skills as the original
trainer. It is noted that everyone is having scheduling problems | and the
manufacturer is no exception.

5. Itis also realized that the trainers are working through the contracter; so
the has iderable over what, when, and where the
training occurs — all of which affect the ability of the trainer to communicate

on ial to und. the IC process.

&. Itis possible but not practical to process the raw (HAMM) data on the roller
and export it as VEDA compatible files, Therefore, the manufacturer has
provided us their software free of charge so we can independently view and
process the raw (HAMM) IC data.
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IC Implementation / Construction

. While the contractor is contractually obligated to provide us VEDA

a field expedient alternative.

8. The manufacturer also provided a user manual for the software and
continuing technical support.

9. While you can lead a horse to water, you cannot make him drink ..

compatible files, the raw data, together with the HAMM software, provides

48
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IC Roller Operator Training

IC Roller Operator Training

IC Implementation / Construction

The IC features generally performed as expected.

o

= There was some GPS shadowing due to trees with both the
HAMM system and the Sitech system.

= There were also some problems with the HAMM roller
“networking.” On the first night of the first project, the contractor
provided 2 HAMM IC rollers and ran them in “linked" or “network”™
mode where the data from both rollers was accumulated into one
file. This made it very confusing to review individual passes
because you couldn’t tell which roller did what, Moreover, the
number of passes grew to be very large. Subsequently, we
directed the contractor to “un-link” the rollers. Perhaps with more
experience in analyzing the data, roller networkingmay be a
desirable feature — but for now it just adds to the confusion.

IC Implementation / Construction

jo—)
ool
oa NO IC DATA RECORDED DUE
sl TO OVERHANGING TREES
om BLOCKING GPS SIGNALS
ol - - ~
P
’/‘
o % S > B

IC Implementation / Construction

Typical tree cover that interrupts the GPS signal.
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The Initial PennDOT Experience

IC Implementation / Construction

= On the |-79 project, there were some problems with processing
the raw HAMM data in the field; but with successeson other
projects, this 1-79 projectis not considered typical of the HAMM
capabilities.

= NPI having a laptop at the job site was handy to collect and view
the roller data during down times. While waiting on water, or
asphalt trucks, the raw data could be downloaded onto a
thumbdrive and reviewed on the spot. During the course of the
night, the HAMM data was transferred a couple of times and
passed on to the Department, The transfer of the data was
confirmed at the field office at the end of the shift when the data
was imported into the VEDA program.

Intelligent Compaction: The Initial PennDOT Experience

IC Implementation / Construction

= However, PennDOT inspectors do not necessarily have laptops
or other devices with the roller / VEDA software installed with
them in the field. Also, the field office is not necessarily near the
job site — it can be as much as 40+ miles away. Given the
distance and oftentimes multiple projects to monitor, the
inspectors may not return to the field office every day. Thus,
there may be a time lag between receiving the IC data and the
ability to review / confirm it.

IC Implementation / Construction

+ The importance of having a rover on-site at all times became
apparent after the first couple of projects were under contract,
The contractor needs to have a person with a rover on-site for
the entire shift to obtain the coordinates of the core locations and
any other locations of interest to the Department (such as
changes in the underlying pavement section if known in
advance). This worked well and is agbsolutely necessaryfor
entering the core (and pavement section)data into the VEDA
program. Contractors may not want to spend the money for the
surveyor, butit should be considered non-negotiable.

IC Data Analysis

The project plans generally indicate the various
pavement sections along the length of the roadway
located by Station and Offset. However, finding those
locations in the field requires converting the Station /
Offset to Segment / Offset. This requires the assistance
of the the District Chief of Surveys.

The sections tend to be variations on a theme, and the
stiffness values are expected to vary with the varying
thicknesses and types of materials: we were not
disappointed.

IC Data Analysis

+ On the District 12-0 project, the thinnest pavement
consisted of 3" to 6" of ID-2 over brick while most of the
pavement consisted of 8.5” of ID-2 over PCC. The HMV
over the brick pavements ranged from 78 to 93 while
HMV for the ID-2 over concrete ranged from 100 to 153.

+ Also, even in our early stages of learning how to use the
VEDA software, NPI has uncovered instances of
incompleteness and inconsistencies in some data files.
We consider these to be significant milestones.

IC Data Analysis

Future uses of the data may include the comparison of
various pavement designs based on the IC stiffness
values, and flagging soft spots to watching for indications
of premature failure. Preventative maintenance may be
able to mitigate a soft spot and buy additional time until
the entire roadway needs rehabilitation.

B0
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IC Software - Commentary

+ HAMM Software:

» The HAMM software has a distance measuring tool and a replay
tool that are helpful.

The final coverage data files from HAMM could not be properly
imported into VEDA. The IC Technical Support is aware of this
and is working with HAMM to develop a solution.

o

» The HAMM software stores the data on your computer in the
“public users" C Drive. This is not where | would look for
datafiles | am using; and you cannot share information from this
location with other users on a network. This default location can
be changed but | have not tried that yet. | do not know if you
need to reset the default location every time you boot up the
software.

o

Intelligent Compaction: The Initial PennDOT Experience

IC Software - Commentary

+ Itwould be good if the program asked you where you want to
store the data rather than just assign it to a default location,
Then you could assign the data to your local laptop or to a server
depending on where you are and what you are doing.

+ Both HAMM & VEDA software

= Both programs (HAMM / VEDA): The coler coding is a function
of the image size. From a distance the color looks uniform but
when you zoom in, more details appear, which can change your
conclusions about what you are looking at. Also, the zoom in/out
features are not the most user friendly; so it is not easy to check
this all the time.

IC Software - Commentary

IC Software - Commentary

+ VEDA Software:

= The VEDA software stores their results in the same file folder as
they get the data from. This is good and helps keep all the data
together.

Nonetheless, the VEDA software is generally hard to use and
not at all user friendly. It takes a long time to load, and shuts
down without notice if you click a button too fast, etc.

o

= The VEDA software locates data points by coordinates.
However, only surveyors use coordinates. The rest of us locate
information (pavement changes, etc.) on plans by Station and
Offset.

o
{1

= To look at the potential correlation of the ICMV with existing
pavement changes, you need to:

1. Review the project plans, find the typical sections, and make a list of the
] and end of each pi section,

2. Ask the District Chief of Surveys to convert this information to Segments
and Offsets,

3. Have someone(?) find these spots in the field and mark them so the
contractor can use the rover to get coordinates on them,

4. The contractor needs to give you the coordinates for the pavement section
changes along with the coordinates for the acceptance / research cores,
and any other paints of interest

@
5

IC Software - Commentary

IC Software - Commentary

o

Dividing the project into sections for analysis is also very difficult.
Again, VEDA uses coordinates while the rest of us use other
systems which are NOT readily converted into VEDA
coordinates.

If you have planned far enough ahead and pre-determined the
locations of sections for analysis, you can have the contractor
use the rover to get coordinates for your sections during
construction. However, this requires better than average
coordination with construction personnel.

o

= [f you have the coordinates, you can enter them into the VEDA
program — the easiest way | have found so far is to start at the
east or west end of the section | want to develop and then go
due north or south to frame out the box. You will end up with a
parallelogram encompassing that piece of the road. You can
adjust the extent north / south to capture the entire piece of
roadway in the box (especially if there is a curve in the road).
The VEDA analysis computes the averages of all the data points
it finds within the box.

@
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The Initial PennDOT Experience

IC Software - Commentary

= Ifduring your analysis you find that it might be helpful to add a
couple of sections, or break a section into pieces, then you are
stuck without coordinates and you literally have to eyeball the
sections or do the best you can working from the last known
coordinates. This is time consuming and does not seem to be
very accurate.

« Because there is no distance measuring tool in the VEDA
program, you have to eyeball the point you want based on
intersecting streets shown in common on the project plans and
on the VEDA map.

Intelligent Compaction: The Initial PennDOT Experience

IC Software - Commentary

= Entering the core test data is equally clumsy. You can write
down the coordinates and manually enter them one at a time, or
you can copy and paste them from an excel spreadsheetone
cellatatime However, you cannot copy and paste a list of
coordinates. This is frustrating and time consuming.

= VEDA also has another very annoying feature — when itis
generating a map, there is no indication that it is working — it
looks frozen - and you are tempted to click on the button again.
BUT the program will shut down without notice if you are
impatient and try to click on something else before it is ready.
So sorry — start over again!

B8

IC Software - Commentary

= There are many features of the VEDA program that | do not
understand— and | am looking forward to the ICDM training that
is coming to Pennsylvania this fall.

B3

The contractual obligations went fairly smoothly.

The IC equipment performed as expected. A minor
amount of GPS data was lost due to overhanging trees.
Some data was lost due to operator error.

The manufacturers training had mixed results depending
on the location and the trainer.

Some contractors are excited about using IC and want to
cooperate. Being our first IC projects, we are letting
things play out in the field somewhat even though we are
not getting 100% compliance with everything. We are
making notes of what to change in future editions of our
specification so we can get 100% compliance.

+ Most of the roller operators were not very concerned with

paying attention to the pretty colored display screens.
On-the-job training does not seem to convince the roller
operators to change the way they have always done it.
We are considering asking the local Operating Engineers
for their help in training roller operators in the use of IC.

It appears that some of the HAMM roller operators did
not adequately understand how to use the tablet.

Dat
a outages occurred, and getting the data out of the
tablet got to be more complicated than it needed to be.

The Sitech data transfer is entirely automatic so the
roller operators have minimal impact on the data transfer
— turn the IC box on and off — that's it.

Transferring the data from the Sitech equipped rallers to
the “cloud” went well. It took a couple of iterations to
figure out how to get the large datafiles to a place where
we could access them. But once we got that figured out,
it has been seamless ever since.
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+ It appears that some of the HAMM roller operators did
not adequately understand how to use the tablet. Data
outages occurred, and getting the data out of the tablet
got to be more complicated than it needed to be.

+ While transferring the data generally went smoothly,
finding “down time” to actually download the data from
the HAMM rollers was not so easy. The end of the shift
is the only guaranteed “down time”, and you need to be
paying attention or you will have to chase down the
roller. | discovered that the shift may end early for a
variety of reasons, and you can be waiting for the paving
train to come around the curve and it never shows up!

73

Intelligent Compaction: The Initial PennDOT Experience

+ Analyzing the data in the field is not easy — the field
office is not always near the site; the laptop is not always
reliable or convenient to set up in your vehicle; you need
the reference manuals to adequately review the data.
The software training provided by the manufacturer only
gives you an introduction — everyone who needs to look
at the data needs comprehensive hands-on training to
become proficient. Perhaps we need to rethink the type
and intensity of the training we want the manufacturers
to provide.

IC Lessons Learned

* The relationship between the contractor QC person and
the PennDOT inspector needs to be upgraded to
achieve a smooth understanding of the IC features being
added into a normal asphalt paving job. For example,
test strip data, pass counts, and HMV data need to be
coordinated and passed on to appropriate parties
immediately during construction, not hours, days, or
weeks later.

IC Lessons Learned

+ PennDOT should provide 2 thumbdrives for the
collection of the data (check with the IT section) — the
inspector should be the keeper of the thumbdrives.
When requested, the contractor should download the
data onto both of them and give them back to us. (The
second thumbdrive is for backup in case the firstone
suffers some sort of electrical or mechanical damage.)

IC Lessons Learned

+ The inspector should download the data onto the field
office computer at such intervals as may be reasonably
convenient. The inspector-in-charge should upload the
raw data into a NPI project folder on the P-Drive so both
Central Office and District personnel can access /
process the data.

+ Itis important to get the roller operators on-board with
this new technology. The superintendent may be on-
board, but if the roller operator does not feel comfortable
with it, then the potential benefit to the contractor may
not be realized.

IC Lessons Learned

* The idea behind taking research cores is to be able to
assess the variance in the ICMV data. We have the
ICMV at the acceptance core locations but that does not
tell us about the densities of places that have low
stiffness, or low temperature, or any other anomaly. If
the acceptance cores are taken immediately after
completion of the mat, there is not likely to be sufficient
time to collect and review the roller data for determining
where we want to take the research cores. Under such
conditions, we are allowing the research cores to be
taken at additional pre-determined random locations.
Highways that are closed for a relatively long period of
time would be better candidates for obtaining research
cores at locations of interest.
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The Initial PennDOT Experience

IC Lessons Learned

Some Districts want to minimize the number of cores
taken in the new pavement and are reluctant to take any
research cores. Or, they want to take the acceptance
cores and research cores in close proximity to minimize
the number of locations that might need to be patched in
the future - however, research cores taken in close
proximity to the acceptance cores are less likely to give
us different information from that obtained from the
acceptance cores, and this defeats the purpose.

While the IC people say that the data can be reviewed in
‘real-time”, the practical matter is that PennDOT has
NOT found this to be the case. Perhaps with a very high
level of proficiency, it may be possible; but that is a long

way off from where we are right now.
8
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IC Lessons Learned

* Working with a laptop on-site in a vehicle is not an ideal
place to conduct sophisticated data analysis. Add night
work to that package and lighting / vision issues as well
as tiredness to further impede the analysis. Why not
include dampness, humidity, fog, and light rain to the mix
just to make it more fun?

+ Working in a field office typically provides a satisfactory
work environment with adequate lighting; however, it can
be somewhat remote from the site — 30 to 60 minutes
away is not unusual for a PennDOT project. The
inspector can accomplish nothing else if they make 2
roundtrips to the field office to review the data collected
during the course of the shift.

IC Lessons Learned

People who will be working with the software must be
trained to a high level of proficiency. Inexperience
results in confusion, frustration, and misleading results.

It is important to safeguard the original data set. Always
work with a copy to prevent accidental corruption or loss
of the original data.

Give some thought to naming data files — File 1, 2, 3
does not cut it. ECMS #, SR #, Lane #, Roller #, Date,
Time, etc. are all valuable components to a good name
for a datafile.

IC Issues To Be Resolved

* We need to continue our analyses of the data and have
AAR meetings with the contractors to share what we
each have learned regarding the field application of IC,
and how to improve the process / specification.

+ We need to incorporate the contractor's input and our
construction observation notes for the next round of
revisions to the draft specification.

+ We need to confirm who will be supplying the
thumbdrives and mention that fact in the specification.

* Do we need to keep interim data sets once we have the
end-of-day or final set?

o
ra

IC Issues To Be Resolved

Who will be collecting the data and posting it to the P-
Drive?

Who is to be notified, and how, when data has been
posted?

Who is going to review the data for payment purposes?

Who is going to review the data for scientific inquiry?

IC Issues To Be Resolved

+ How is this data to be archived? Storage needs to be
compatible with future use. Corruption of electronic files
could result in a lot of lost files. Printing out paper copies
takes a lot of paper and shelf space.

+ Who is going to keep the archival records compatible
with the current computer system? VEDA 1.0 files
cannot be read by the VEDA 2.0 software. The VEDA
3.0 software due out later this year is supposed to be
able to read VEDA 2.0 files.
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Appendix D: Workshop Products

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

1.
2.
3.

TTICC Problem Statement

Update on CEER-TTICC webpage and IC 101 video viewing statistics on YouTube.

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

. Report of the 2nd Workshop for Technology Transfer for Intelligent Compaction Consortium

(available for download from www.ceer.iastate.edu/tticc)

. List of Potential Intelligent Compaction Briefs, by Pavana Vennapusa and David White
. Intelligent Compaction Briefs:

a. Indiana SR 25, Granular and Non-Granular Embankment Subgrade Fill, August 2010 [Draft]

b. Minnesota TH 60, Non-Granular Embankment Subgrade Fill, August-October 2007 [Draft]

c. Florida SR 9B, Granular Layered Embankment and Geosynthetic Reinforcement, May 2011
[Draft]

d. Evaluating Benefits and Limitations of Intelligent Compaction, Wisconsin DOT

. GeoCongress 2014 Article, A Road Map for Implementation of Intelligent Compaction Tech-

nology, by David ]. White, Pavana K. R. Vennapusa, and Mark Dunn, presented at GeoCongress
2014 held in Atlanta, GA.

. Geostrata 2014 Article, Geotechnical IT Revolution: Intelligent Compaction and Beyond, by

David J. White.

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

a. FHWA Asphalt IC Specification 2014

b. FHWA Soils IC Specification 2014

c. MnDOT Soils-Asphalt IC Specification 2014

d. SHRP2 R07 Performance Specifications for Earthwork/Pavement Foundation 2014
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Technology Transfer Intelligent Compaction Consortium (TTICC)
TPF-5(233)

PROJECT OBJECTIVE

Establishment of a Technology Transfer Intelligent Compaction Consortium {TTICC) to identify. support,
and facilitate research and technology transfer for intelligent compaction technologies.

PROBLEM STATEMENT

Increasingly. state departments of transportation (DOTs) are challenged to design and build longer life
pavements that result in a higher level of user satisfaction for the public. One of the strategies for
achieving longer life pavements is to use innovative technologies and practices. In order to foster new
technologies and practices, experts from state DOT4, Federal Highway Administration (FHWA),
academia and industry must collaborate to identify and examine new and emerging technologies and
systems, The purpose of this pooled fund project is to identify, support, facilitate and fund intelligent
compaction research and technology transfer initiatives.

FROJECT GOALS

The goal of the TTICC is to:
*  [dentify needed research projects
s Develop pooled fund initiatives
Plan and conduct an annual workshop on intelligent compaction for soils and HMA.
Provide a forum for technology exchange between participants
Develop and fund technology transfer materials
Provide on-going communication of research needs faced by state agencies to the FHW A, states,
and industry

This consortium will be the national forum for state involvement in the technical exchange needed for
collaboration and new initiatives, and be a forum for advancing the application and benefit of intelligent
compaction technologies for soils, bases, and asphalt pavement uses.

State participation in this process will be through the pooled fund. FHWA, industry and others may be
invited to participate in the project discussions and activities.

BACKGROUND

In 2008 and 2009, the lowa DOT and EERC (now CEER) hosted an annual workshop on Intelligent
Compaction for Soils and HMA. As part of the workshop, a road map for addressing the research and
educational needs for integrating intelligent compaction technologies into practice was developed. An
ongoing forum is needed to provide broad national leadership that can rapidly address the needs and
challenges facing state transportation agencies (STAs) with the adoption of intelligent compaction
technologies. The vision for the road map was to identify and prioritize action items that accelerate and
effectively implement IC technologies into earthwork and HMA construction practices. Coupled with the
IC technologies are advancements with in situ testing technologies, data analysis and analytical models to
better understand performance of geotechnical systems supported by compacted fill, software and

1

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

Transportation Pooled Fund Study Number TPF-5(233)

D
O



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

Transportation Pooled Fund Study Number TPF-5(233)

(7]
o

wireless data transfer, GPS and 3D digital plan integration, new specification development, and risk
assessment. What follows in Table 1 is the road map with the 2008 and 2009 priority rankings. For
information on the first two workshops please refer to the reports on the CEER website:
http://www.ceer.iastate.edu/publications.cfim

RESEARCH PLAN AND DELIVERABLES

The proposed project is for the establishment of a pooled fund for state representatives to continue this
collaborative effort regarding intelligent compaction. The TTICC will be open to any state desiring to be
a part of new developments in intelligent compaction leading to the implementation of new technologies
which will lead to longer life pavements through the use of an integrated system of emerging innovative
technologies. Two workshop meetings will be conducted each year. One of the mestings will be in
person and is anticipated to occur during the fall. The location of the in-person workshop meetings will be
determined by the Executive Committee and moved regionally each year to participating states. The
second meeting will be a webinar and occur in early spring hosted by CEER.

All efforts by the TTICC will be focused towards these project activitics and deliverables:

*  Identify and guide the development and funding of technology transfer materials such as tech
brief summaries and training materials from research results

*  Review the IC Road Map as updated annually and provide feedback to the FHWA, industry,
states, and the CEER on those initiatives

*  Be a forum for states and researchers to share their experience with IC technologies

*  Provide research ideas to funding agencies

+  Identify and instigate needed rescarch projects

* Include current activities and deliverables of the pooled fund on the TTICC website

+  Maintain pooled fund project website with current activities and deliverables

+  Develop pooled fund research projects for solutions to intelligent compaction issues

*  Actas a technology exchange forum for the participating entities

«  Contribute to a technology transfer newsletter on intelligent compaction research activities every
six months in cooperation with the CEER

+  Post minutes to the website following web meetings

*  Post a report following each in-person workshop to the website

EXECUTIVE COMMITTEE

An Executive Committee will be formed from the TTICC to review and approve the pooled fund
activities and budget. The Executive Committee will meet at a schedule to be determined by the
Executive Committee via conference calls.

RESEARCH TEAM

The project managers for the TTICC will be the CEER; lead by Dr. David White.

Dr. White is the director of the Center for Earthworks Engineering Research (CEER) at lowa State
University. Dr. White’s MLS. and Ph.D. research involved large-scale field testing to evaluate
embankment construction methods and development of design and construction guidelines for stabilized
subgrade. Since Dr. White’s start as an assistant professor at ISU in August 2001 he has been successtul
in directing research from a diverse group of organizations for a total of aggregate dollar total of over $10
million. Dr. White has ten years of experience with earthwork and pavement foundation layer
improvement, ground systems, QC/QA testing, specification development, and six years of experience
evaluating intelligent compaction systems. Dr. Pavana Vennapusa and Mr. Heath Gieselman will also
contribute to the project and have extensive experience with intelligent compaction technologies.
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TTICC Problem Statement

This project will be conducted through the CEER. CEER works with partners to bring about rapid
advancements in quality, ecconomy, and performance of the geotechnical aspects of civil infrastructure
through a fundamental understanding of earth mechanics, and by providing enabling technologies and

supportive public policies.

ESTIMATED PROJECT DURATION and COST

The pooled fund project duration is for five years. The annual cost of participation for one person is
$7,000; which includes travel expenses and registration for the annual workshop and web-based meetings.
Additional participants can be added for $2000/year.

SUMMARY OF PROJECT SPONSOR REQUIREMENTS

¢ Financial support

e Meecting participation twice a year, in person and via a webinar

e Active collaboration with each other and others to identify, support, facilitate and fund intelligent

compaction research and technology transfer initiatives.

e  Championing within their state the deliverables from the pooled fund, such as technical material
to key staff, and facilitate implementation of new technologies and practices.

CONTACT FOR FURTHER INFORMATION

Lead State

Technical Contact

Steve Megivern, P.E.

Soils Design Section

Towa DOT

800 Lincoln Way

Ames, Iowa 50010
515-239-1936
stephen.megiverni@dot.iowa.gov

CEER/ISU Contact

David J. White, Ph.D.

Assoc Professor and holder of
Richard L. Handy Professorship

Director, CEER

Department of CCEE, ISU

2711 S. Loop Dr, Ste 4700

Ames, Iowa 50010

515-294-1463

djwhite@iastate.edu

Lead State

Administrative Contact

Sandra Q. Larson, P.E.

Director, Research & Technology Bureau
Towa DOT

800 Lincoln Way

Ames, Iowa 50010

515-239-1205
sandra.larson(@dot.iowa.gov
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Table 1. Intelligent Compaction Road Map for Research and Training

IC Road Map Research and Educational Elements

1.

10.

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

Intelligent Compaction and In-Situ Correlations (2*), This research element will develop field investigation prolocols
for conducting detalled correlation studies between |C measurement values and various in sifu tesling techn|gues for
earth materials and HMA, Standard protocols will ensure complete and reliable data collection and analysis. Machine
operations (speed, freguency, vibration amplitude) and defailed measurements of greund condiicns will be required for
a wide range of conditions. A database and methods for establishing 1C target values will be the cutcome of this study.
Information generated from this research element will confribute to research elements 1, 9, and 10.

In-Situ Testing Advancements and New Mechanistic Based QC/QA (8*). This research element will result in new in
situ testing equipment and testing plans that target measurement of performance related parameter values including
strength and modulus. This approach lays the groundwork for better understanding the relationships between the
characteristics of the geo-matenals used in construction and the long-term perdformance of the system,

Understanding Impact of Non-Uniformity of Performance (10%). This track will investigate relationships between
compachion non-unifarmity and perfarmancefservice life of infrastruciure 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 resulis of the research element should be linked to MEFPDG input parameters. Much needs to
be leamed about spatial vanability fer earth matenals and HMA and the impact on system performance. This element is
ross cutting with research elements 1, 5 and 8,

Data management and Analysis (9%). The dala generated from |C compaction operations is 100+ times more than
traditional compaction GCHOA operations and presents new challenges, The research element should focus on data
analysis, visualization, management, and be based on a statistically reliable framewaork thal provides useful information
to assist with the consiruction 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 element will be documented
experiences and resulis from selected project level case histories for a range of matenals, site conditions, and |ocations
across the United States. Input from contractor and stete agencies should further address mplementation strategies and
needed educationaltechnology 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 efement 1, 8, and 10

Understanding Roller Measurement Influence Depth (6%). Fotential products of this research element include
Impreved understanding of roller operations. roller selection, Interpretation of roller measurement values, better field
compaction problem diagnostics, selection of in situ QA testing methods, and development of analytical models that
relate to mechanistic performance parameter values. This element represents a major hurdle for linking IC measurement
values te traditional in sitd test measurements

Intelligent Compaction Technology Advancements and Innovations (7). Peotentizl cutcomes of this research
element include development of improved 1C measurement systemns, 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 snvisioned that much of this research will be incremental and several sub-elements
will need to be developed.

Education Program/Certification Program (5). This educaticnal element will be the driver behind IC technology and
specification implementation. Matenals generated for this element should include & broadly accepted and integrated
cerification program than can be delivered through short courses and via the web for rapid training needs.
Operatorinspector guidebook and troubleshooting manuals should be developed. The sducational programs need to
provide clear and concise information to contractors and state DOT field personnel and engineers. & potential outcome
of this element would be materials for MHI training courses.

Intelligent Compaction Research Database (1*). This research element would define | project database input
parameters and generate web-based input protocols with commaon format and data mining capabilities. This slement
creates the vehicle for state DOTs to inpul and share data and an archival element. In addition to data
management/sharing, results should provide an option for assessment of effectiveness of project results. Over the long
term the database should be supplemented with pavement performance information. |t is important for the contractor
and state agencies to have standard guidelines and a single source for the most recent information. Infermation
generated from this research slement will contribute to research elements 1, 2,6, 9

* 2008 Workshop Ranking

TTICC Problem Statement
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Technology Transfer Intelligent Compaction Consortium
Intelligent Compaction 101 Video Statistics

CEER YouTube Channel
Date Published: 1/31/2014

Statistics as of 8/27/14*
Number of Views: 1,552
Minutes Watched: 8,152
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*Source YouTube
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Report of the 1st Workshop for TTICC

Executive Summary

On December 14--15, 2010, the lowa Department of Transportation {Iowa DOT) and Iowa
State University co-hosted a workshop for the Technology Transfer for Intelligent Compaction
Consortium (TTICC), a Transportation Pooled Fund (TPF-5(233)) initiative designed o
identify, support, facilitate, and fund intelligent compaction (IC) research and technology
transfer inidiatives. The objective of the 2010 workshop was to generate a focused discussion
to identify the research, education, and implementation goals necessary for advancing IC for
earthworks and asphalt.

Ta develap these goals, the workshop’s 20 artendees—representing the Federal Highway
Administration (FHWA), lowa State University and the University of Kentucky, and the 11
state DOTs participating in the study—reviewed previous workshops, attended rechnical
presentations, discussed specifications, voted and brain-stormed about IC research, and
discussed future meetings.

A key outcome of the workshop was the evaluation and update of the IC Road Map, a
prioritized list of IC technology research/implementation needs initally created ina 2008
IC workshop meeting and developed in 2009 and 2010 workshops. Though a new element
was added and descriptions of exiting elements were modified, the top two IC research needs
remained (1) developing and providing evidence of correlations berween IC or continuous
compaction control (CCC) measurements and in situ test measurements and (2} developing
IC/CCC specifications and guidance. The revised IC road map is presented in Table 1.

Table 1. Prioritized IC road map of technology research/implementation needs

Prioritized IC/CCC Technology Research/Implementation Needs
il

Intelligent Compaction and In situ Correlations {24*)
Intelligent Compaction Specifications/Guidance (19%)

Data Management and analysis (8%)

Project Scale Demonstrations and Case Histories (7%)
Education/Certifications Programs (4%)

Understanding Impact of Non-Uniformity on Performance (4%)
Standardization of Roller Outputs and Format Files (4%}

IC Compaction Research Database (3%)

o @ N ;o R W N

In Situ Testing Advancements and New Mechanistic Based QC/QA (2¥)

=
(=]

. Understanding Roller Measurement Influence Depth (1%}

iy

. ICTechnology Advancements and Innovations (1¥)
12. Sustainabllity** (1*)
13. Standardization of Roller Sensor Calibration Protacols (0%)

*rotal votes are provided in parenthesis
“newly added roadmap element

Report of the 15t Workshop for Technology Transfer for Intelligent Compaction Consortium (TTHCC)
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Other important outcomes from the 2010 TTICC workshop included providing a forum ta
facilitate information exchange and collaboration, developing a list of key products that need o
be developed as part of the TTICC project, and developing plans for further TTICC meetings
and other events.

Table 2 presents a list of products/items to be developed as part of the TTICC study, and Table
3 presents an action plan that the TTICC team can use to help advance IC/CCC technologies
into carthworks and hot-mix asphalt (HMA) construction practice.

Table 2. List of products/items to be developed for the TTICC project

List of Products/ltems to be developed for TTICC project

Develop at least 20 IC briefs based on existing field demonstration projectsfresearch reports
in the US. Develop one IC brief a month.

Update EERC's TTICC website reqularly and include all IC briefs with videos, and updated infor-
mation related to TTICC project activities and workshop findings.

Develop a Technology Overview Presentation for executive level officials in DOT.

Explore funding epportunities for writing synthesis documents explaining IC technologies,
QC/QA carrelations, etc.

Table 3. Action plan for advancing IC technologies into earthwork and HMA practices

Action Plan for Advancing IC/CCC Technologies into Earthwork and HMA

Develop case study information on different QC devices/correlations/ methods and strategies
of data analysis.

Compile a data base to evaluate correlations of in situ measurements to IC measurement
values and evaluate in situ measurement tools.

Develop Technology Independent Guide Specifications (FHWA/industry/ manufacturer/con-
tractors/stage agencies review)

Develop data analysis software by involving computer programmers.

Conduct demonstration projects and open houses, Work with interested contractorsin the
state to get their buy-in and implement IC on pilot projects.

Conduct a survey among different states in the US and European countries to learn from their
experiences.

Work toward development of NHI course and certification for operators, inspectors and
engineers,

Submit problem statements to TRB/NCHRP to create funding opportunities.
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Report of the 2nd Workshop for TTICC

Executive Summary

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

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

« Review TTICC IC case history summaries

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

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

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

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

Table 1. Prioritized IC technology researchfimplementation needs - 2012 TTICC workshop

Prioritized IC/CCC Technology Research/Implementation Needs

1. Datamanagement and Analysis (18%) 8. Understanding Roller Measurement Influence Depth
7*)
2. Intelligent Compaction Specifications/Guidance (14%)
9. Project Scale Demonstration and Case Histories (6%)
3. Intelligent Compaction and In-Situ Correlations (13%)
10. In-Situ Testing Advancements and New Mechanistic

4. Understanding Impact of Non-Uniformity of Based QC/OA (3%)
Performance {11%)
11. Intelligent Compaction Technelogy Advancements
5. Standardization of Roller Outputs and Format Files and Innovations (2%}
(11%)

12. Intelligent Compaction Research Database (2¥)
6. Standardization of Roller Sensor Calibration Protocols
(10%) 13. Sustainability (1%}

7. Education Program/Certification Program (8%)

feport of the Znd Workshoep for Technology Transter for Intelligent Compaction Consortium {TTICC)

Transportation Pooled Fund Study Number TPF-5(233)
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Other important cutcomes from the 2012 TTICC workshop included: (a) providing a forum to facilitate
information exchange and collaboration and developing a list of action items to advance and accelerate
implementation of IC technelogy into earthwork and asphalt construction practice, (b) developing an
ottline of content for an IC 101 video, and (c) developing a short list of items that the TTICC team can
use to help advance the IC road map research/implementation priorities as shown in Table 5.

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

High Priority Focus Areas ‘

Develop new data management, analysis, and visualization tools

2. Define and establish new standards for quality in read building {performance based
specifications)

3. Explore alternative contract delivery modes for construction projects that support
innowvation
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List of Potential Intelligent Compaction

Technology Transfer Intelligent Compaction Consortium (TTICC) — TPF-5(233)

List of Intelligent Compaction (IC) Briefs
Updated 827714 By Pavana Vennapusa and David White
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MATERIALS i DRUM MANUFACTURER
[a] [u] 9
E B
i 4 E é [+ :
= c ES33F 3 « 3
3 %, 5235 & 2 < =
E =z R D= g < 0O =1
£ 23932859 ol 220 .
S5 83 uUf = = = Ei 8l ez T o_gg
= = T o el < w o< =T D %
£ = 2 8= 0 < = 0 a g E B 2 S =3
E QO T E T O W O 5 <L o) =] > 6 E O
# | ProJECT LOCATION B2 0002 = I ol o O O 0O [ =1
1 | lowa — 129, Monona County* ® e XX
2 | lowa — US218, Coralville® X | x x
3 | Minnesota — THS4, Akeley** * x
4 | Mississippl — USB4, Waynesboro* x X X X x
5 | lowa —US30, Colo* X X X
6 | Minnesota — TH14, Janesville* X X
7 | Minnesota — Rt4, Kandiyehi County* x| X X
8 | Texas —FM156, Roanoke™ XX * X X%
9 | Morth Dakota — US12, Marmarth* XX X X X
10 | lowa — LIS30, Harrison County** x| X *
11 | Kansas — US69* * X X X *
12 | New York — US218, Springville* X X X%
13 | Australia — JRAC, Northern Territory* X X X X
14 | Indiana — SR25, West Lafayette* ¥ oH ! X | % P
15 | Minnesota — THE0, Bigelow** X ® X
16 | Minnesota — TH36, North St. Paul** X X X
17 | Minnesota — US10, Staples** X x| P
18 | Minnesota — Clmstead County** X X
19 | Minnesota — MnROAD, Albertville® XX % XXX
20 | Colaorado — 129, Longmont* %K x| Xixo K
21 | Maryland — 170, Frederick® XX XX | x XX
22 | North Carolina — High Point* XX X X
23 | Florida = 110, Jacksonville® X X X
24 | Missouri — Hwy141, Chesterfield*™ X X X
25 | lowa — Boone County Test Sections* X X X X
26 | Florida — Hwy 9, Jacksonville* X X
27 | Wisconsin — Multiple Sites XX X| % x| XX *

*RESEARCH/DEMONSTRATION PROJECTS

** PROJECTS WITH |C SPECIFICATIONS

IC BRIEFS COMPLETED AND POSTED ON CEER WEBSITE
IC BRIEFS - DRAFT
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Technology Transfer Intelligent Compaction Consortium (TTICC) — TPF-5(233)

List of Intelligent Compaction (IC) Briefs
Updated 827114 By Pavana Vennapusa and David White

Dear TTICC Participant,

If you are aware of a project that you would like to include in the list for potential
intelligent compaction briefs, please provide the following information and return

this sheet to Denise Wagner (dfwagner@iastate. edu).
Thank You,

CEER Research Team

Project Location:

Source of Information/Report:

Lead Researcher/Project Engineer Contact:

List of Potential Intelligent Compaction

o
=
=
8
>
©
o
©
c
S
4]
wv
=}
o
©
c
&
>
©
c
©
>
©
o
>
o]
)
3}
=
o)




2
2
=
[
c
ke
=
9}
S
Q
S
o
O
e
=

Intelligent Compaction Briefs

I INTELLIGENT COMPACTION BRIEF

DRAFT

Indiana SR 25 - Granular and Non-Granular Embankment
Subgrade Fill - August 2010

PROJECT DATE
August 16 1o 18, 2010

RESEARCH PROJECTTITLE

Accelerated Implemantation of Intelligent
Compaction Technaloqy for Embankment
Subgrade Soils, Aggregate Base, and
Asphalt Pavement Matarials (FHWA
DTFHE1-07-C-R0032)

SPONSOR
Faderal Highway Administration

PRINCIPAL INVESTIGATOR
George Chang, PhD, PE, Project Manager,
The Transtec Group, Inc., 512-461-6233

RESEARCHTEAM

David J. White, PhD, PE; Favana K. R.
Vennapusa, PhD, PE; Barry Christopher,
PhD, PE; Heath Gieselman, MS

AUTHORS

David .. White, PhD, PE; Pavana

K. R.Vennapusa, PhD, PE; Center for
Earthworks Engineering Research,
Institute for Transportation, 2711 South
Loop Drive, Suite 4700, Ames, IA
50010-8664

MORE INFORMATION
http:/fwww.ceer. iastate.edu/research/
project/project.cfm?project| D=-373342403

Thes document was developad as part of the Federal
Higimweay Admerestration FHWAS transportation posked
Tund study TRFEE23 - Ted o ogy Transler for Intelligent
Conmpaction Consortiom (TTICCH

Tha sponsons of this rasearch ars not reaponsible for
the accuraey of the information presented hersin

The condusions expressed in this puldicati oo are nol
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Figure 1. Caterpillar C556 smooth drum wilh padfoot shell kit (left) and Caterpillar CS563E smooth
drum roller {right) (from White et al. 2011)

Project Description

This demonstration was conducted on
State Route (SR) 25 in West Lafayeree,
Indiana. The machine configurations and
roller-integrated compaction measurement
(RICM) systems used on this project
included a Caterpillar C556 smooth

drum roller with a padfoor shell kir (here
after referted o as padfoor roller) and

a Caterpillar CS363E smooth drum
vibratory reller (Figure 1), Both were
equipped with machine drive power
{MDP} technology (reported as MDT* and
see White et al. 2011 for description of
MDT*). Both machines were also equipped
with a real-time kinematic (RTK) global
positioning system (GPS) and on-board

display and decumentation systems.

The project involved construction and
testing of six test beds consisting of
cohesive and granular embankment

fill materials. The MDP* values were
cvaluated by conducting ficld testing in
conjunction with in situ dry density (yd)
and meisture content (w) determined from
nuclear gange (NG), California bearing
ratio (CBR) determined from dynamic
cone penetrometer (DCP), and dynamic
modulus determined from light weight
deflectomerer (INFD),

Field Study Goals

* Document machine vibration amplitude
influence on compaction efficiency

# Develop correlations between MDD
measurement values to in sitn point
measurements {point-MYs)

Compare roller-integrated compaction
menitoring (RICM) resules to traditional
compaction operations

-

Srady RICM measurement values in
production compaction operations

-

Evaluate RICM measurement values in
terms of alternative specification options

An open house was conducted near the end
of the field investigation to disseminate
results from current and previous 1C
projects.

Materials

The cohesive embankment fill material on
the project was classified as sandy lean clay
(CL) or A-7-6 (13} soil and the granular
embankment fill material was classified as
poady graded sand wich sile (SP-5M) or
A-3 soil.

Field Test Results and
Observations

Six test beds (TBs) were cvaluated as pare
of this study. TBs 1 and 2 consisted of
granular embankment fill calibration test
areas, TBs 3 and 6 consisted of granular
embankment fll production areas, and TBs
4 and 5 consisted of cohesive embankment
fill calibration areas. Resulis from selected
test beds { TBS cohesive embankment fill
and TBs 3 and 6 granular fill) are presented
in this Tech Brief.

In addition, a contractor representative
was trained on-site to perform compaction
operations on TBG and his interview
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responses from after the mller operations are also summarized in
this Tech Brief.

TBS Cohesive Embankment Fill Test Strip

This test bed consisted of 2 48 m long test strip with compacted Low Amp':;lnugf ﬁa= 0.90 mm)
cohesive fill and visually showed rutting or sinkage under pe
construccion traffic loading (Figure 2). The test bed area was Pass 1 Pass 2
mapped using one roller pass in the low amplicude serting, The
MDP* values varied from about 65 to 145 along the test strip. 01 MDP*
WD modulus (E ) measurements were obrained at 72
locations along the test strip ar relarive dense point-point spacing 20 . >145
(-0.65 m). MDP* values in comparison with E .y values are .140
presented in Figure 3. Both MDP* and E - measurements . 135
tracked well on this test serip. 40 - [ 130
[]12s
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Figure 2 TB5 cohesive embankment fill test strip (from White et al. 260 -
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Figure 3. Comparison between MOP® and E . on TBS test strip (from Figure 4. MD'P* maps from hwo passes on TB3 granilar embankment fill
White etal 2071) production area (from White et al. 2011)
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TBs 3 and 6 Granular Embankment Fill Production
Areas

TBs 3 and 6 consisted of two lifts in a production arca with
granular embankment fill (Lift 1 for TB3 and Lifi 2 for TBa).
Lift 1 was mapped using two roller passes and WD tests were
performed in a selected arca with high, medium, and low MDP*
values using the on-board display. Tests were performed at 20
locations with relatively high MDP* values, 16 locations with
medium range MDT* values, and 28 test locations with relatively
low MDP* values. DCP tests were also performed at 7 selecred
locations. After compaction and testing on Lift 1 (TB3), Lift 2
(TB6) was placed and compacted using four roller passes in low
amplitude mode by the contractor,

The roller operator was trained on-site to malke use of the on-board
display unic and was instruceed w perform four roller passes over
the production area. After the final pass, WD tests were performed
at 42 test locations across the production area. Test locations were
selected based on the 1C display w caprure high, medinm, and

low values. In addicion, DCP and NG tests were performed ac 7
selected locations.

Spatial MDP* maps from TB3 (Lift 1) for the two passes are
presented in Figure 4. MDP™ plots with distance along each

roller [ane in comparison with IWD modulus measurements are
presented in Figure 5. Sparial MDP* and roller pass coverage maps
from TB6 (Lift 2) for the four passes are presented in Figure 6. The
WD values penerally tracked well with variations in the MDP*
values on borh Lift 1 and Lift 2, except at some locations on lanes 2

and & on TB3 (Lift 1).

150 =) an
ane -
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Figure 5. Comparison betwean MDP* and LWD medufus measurements
from multiple lanes on TB3 (from White et al. 2001)

‘The moisture content of the fill material varied from abour 3.5% to
5.1%%, which was abour -9 to -11% of standard Procror optimum
moisture content., and the relative compaction of the fill material
varied from abour 95% to 110% with an average of abour 97% of
standard Proctor maximum density.

Regression Analysis
Relationships berween MDP* obtained from the smooth drum

roller in low amplitude secdings and in sicn poinc-MVs from TBs
1. 3. and 6 are presented in Figure 7. All relationships showed
significant scarcer wich R? values < 0.4, Comparatively, correlation
between MDP* and E . o, showed a better relationship with R* =
(.38 compared to dry density {y) and CBR.

Relationships berween MDF* obrained from the padfoot roller in
static mode and in situ point-MVs from TBs 4 and 5 are presented
in Figure 8. Courelation berween MDP* and E . ., showed a
power relationship wich R* = 0.75, while correlations with y, and
CBR point measurements did not show a statistically significant
relationship, Nore that measurements were obrained over a wide
range of MDP* measusements (75 to 140} in correlation with
EL"!’D;-)’ while the MDP* measurements ranged only within a

narrow range in correlation with Y4 and CBR (80 to 110).

Fass 2 Pass 3 Pass 4

Dristance {(m)

Figure 6. MDP* maps from four passes and pass count map on TH6
granalar embankment il production area (from White et al. 2011)
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Figure 7. Correlations between MDP® and in sith test measuremenls
from TBs 1, 3, and 6 granular embankment filf compacted in fow
amplitude settings (from White et al. 2011)

Contractor Interview

A contractor representative was trained on-site to make usc of

the on-board compurer display during compaction operations

on TB6 using the CS563 roller. After the roller operations, the
rescarch team interviewed him with the following questions and his
responses are summarized below.

Question: What to do you think about how the process worked
and whart information from the display was valuable and not
wvaluable?

Response: The on-board display monitor was helpful to keep
rrack of the number of wller passes. Also, by experience, |
lenow thar there would be areas that are relatively softer than
other areas just because there was no construction traffic on it.

Question: Did the [C values you see on the monitor confirm whar
you would expect from experience?
Response: Yes. [f you hit a thidk lift spot, the 1C values went
down and if you hit a relaively thin lift spot, the [C values

WENL up.
Question: What did you think about the display? Did you use the
display much during compaction operations?

Response: The display worked well. Bur when you do your
fisst pass, it's all red, so you cannot see the roller icon very
well. It's a bit distracting as che screen moves when the station
passes.
Question: Would you give a thumbs up or a thumps down for the
technology?

Respomse: | would give thumbs up and it would be good for

118 [o se it more,

140 1
120 120
. .
100 - .
& 100 . 2
an -] L
MOP = 522 {E onl™ R a00 a7 s T
50 RP=0.rh, =54 | 5
0 st 100 150 @ 5 1|8 T 1’ 18 20
Bz IMFa) 7 (RN
1401 -
FsobnsT L T
R'=012,n=7
120 120
3 - -
a - - o
R . 100 -
1] - 80 .
" TE4
@ @
0w W W a0 50 6 & 10 12 4 16 B 2
CBR %) w )

Figure 8. Correlations between MDP* and in siti les! measurements
from TBs 4 and 5 cohesive embankment fill compacted in static mode
(frony White &t al. 2071)
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Figure 1. Caterpillar CP563 padfoot roller with MOP* measurement system on TH 60 project (from
White et al. 2009)

Project Overview

This project involved construction of the
new four-lane Trunk Highway (TH) 60
bypass around Bigelow, Minnesora, The
highway construction extended from just
north of 120ch Street in lowa to about

1.6 km north of Nobles County Road
{(CR} 4 in Minnesota for a total length

of abour 8 km. Construction involved
embankment fill sections varying from 1 m
to 10 m in height. The embankment fill
material on the project mostly consisted of
non-granular materials derived from glacial
deposirs (lean clay to sandy lean clays).

The project implemented the MaDOT
intelligent compaction (I1C) pilor
specification titled 2106 — Excavation
and Embankmens — (QANGC) IC Guality
Compaction (Pilor Specificasion) for
Gramsdar and Non-Granselar embanloment
grading materials, Some key clements of
the specification are discussed below,

CP563 (Figure 1) and CP663 padfoot

rollers equipped with machine drive
power (MDFP) measurement rechnology
{measurements reported as MDP* and

see White et al. 2009 for descriprion),
real-time kinemaric global positioning
system (GPS). and AcculGrade compaction
mapping system were used on this project,

Thiree test areas were constructed and tested
as part of a field study on this project by
lowa State University (ISU) researchers.
One test arca consisted of a productien
area and two test areas consisted of
calibration test strips. Results from these
test areas are presented in this Tech Brief
along with MoDOT quality assurance
(A test resulrs.

Materials

The embankment fill marerial in che test
arcas was classified as lean day (CL or
A-6(6), A-7-6(14), and A-6(11)) soll. The
liquid limir of the material varied from
about 30 to 43 and the plasticity index
varied from about 14 to 19.
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Overview of Project Specifications

The key artributes of the MnDOT 2106 pilot specification
included the following: Equipment Specifications, Compaction
Process and Acceptance Specifications, Location Specifications
{including size, depth, and crack overlap) for Production and
Calibration Areas for Testing, and Documenration and Reporting
Requirements.

As part of the compaction process and acceprance goidelines, the
conrracror was required to construct a control strip o develop a
quality contrel {CHZ) procedure including proper [C equipment
and procedures, collecting and repardng [C compaction results,
ensuring uniformity; confirming acceptable moisture limits and
compaction partern and speed of roller passes, ctc. The contrctor
was required to construct one control strip for each different
typefsource of grading material used on the construction site to
determine the Inrelligent Compaction — Targer Value (IC-TV)
and Light Weight Deflectometer Targer Value (WD-TV). IC-TV
was defined as the optimum compaction value determined by

the Engineer when optimum compaction was reached (ie., when
additional compaction passes do not result in a significant increase
in stiffness).

Three LD tests were performed by the Engineer on each layer
of control strip to determine the average and use as DWD-TV.
Moisture was controlled to be within 65% to 95% of standard
Procror optimum moisture content. To derermine the moisture
sensitivity correction for 1C-TV and DWD-TV. the control strip
was constructed at or near cach extreme of 65% and 95% of
optimum meisture content and the dara were urilized to produce
a correction trend line using a linear relarionship. As pare of QC,
the contractor was required to perform moisture content tests ata
minimum of 1 per 3,000 cubic meter for compliance.

QA was accomplished by constructing proof layers in production
areas. All sepments of proof layers were required o be compacted
so thar at least 90% of the IC measurements were at least 90% of
the IC-TV prior to placing the nexr lift. In arcas < 80% of IC-TV.
the contracror was required to bring the areas to ar least 90% of
IC-TV prior to placing the next lift. If a significant portion of the
grade was more than 20% in cxcess of the [C-TV, the Engincer
re-evaluated the IC-TV, QA tests were required with one IWD
and moisture test per proof layer per 300 m in length for the entire
width of the embankment. The IND value must be ar least 90%
but not more than 120% of the corrected TWD-TV. Areas chat did
not meet these requirements were required to be re-compacted (and
dried or added moisture as needed).

MaDOT performed molsture tests using “speedy” molsture tester
and DWW tests using a Zorn IWD serup with 2 200 mm diameeer
plare.

Selection of Target Values and QA
Test Results

Field observations indicated dhat the embanliment material from
the borrow areas was generally wet due to prolonged min cvents

ar the time of ISU field testing. Compaction of All marerials was
achieved using the padfoor roller and also by scraper rraffic, The
rescarch team interviewed both MnDOT and contractor personnel
to gain insights on challenges with respect to understanding the
technology and implementing [C-TVs and IWD-TVs. Some of the
findings are summarized below. Further, IWD. moisture content,
and average IC values obralned from QA testing are provided.

Selection of IC-TVs

Prior to the beginning of the project, MaDOT field personnel
and the contractor/roller operator had limited experience with the
MDT* technology. For this project, minimum threshold values as
opposed to rarget values were agreed o by the inspecrors and the
contractor. In general, the inspectors and contractors displayed

a sense of goodwill roward developing the IC threshold values.
This provided the flexibility required ro develop acceprance values
for the IC rollers on the fly to supplement information garhered
from control strips, At the time of ISU field testing, a minimum
threshold value of MDP* = 138 was being used at the project sie.

Selection of LWD-TVs

MaoDOT personnel indicated that similar ro [C-TVs, there was
limired information on whar are reasonable target values for WD
measurements. Therefore, for this project, some common sense
and practicality contributed o developing DWD-TVs, Observing
pad foor indentations and roller walkout was one of the elements
used in developing IWD-TVs, Marerials difficulr to trim with a
moter grader produced IWD moduli {E ;) values = 60 to 70

&0 . 0
n=156 n=12
500 p=ta23 B p=131%
=47 6=33%
T4 coveaw F 1 cov=25%
3 30 g 15
2 [
- = 10
o H 5 I
ol FNUL] | R " 1
100 110 120 130 140 150 160 005 W 15 20 25 30
Average MOP® per prooficalibration area w (%)
50 50
n =186 n=186
a0 §u=208MPa
=132 MPa
T 30 COV = 64%
5 20
“
10
[

0 20 40 60 B0 100
Ey s MPa) Az (1)

Figire 2. Histogram plots of moisture content, LWD, and MDP*
measirements (from White et al. 2009)

2
g
o
=
o
S
v
©
ey
£
o
o
=
=
(]
ke
(]
<
=




2
2
=
[
c
ke
=
9}
S
Q
S
o
O
e
=

Intelligent Compaction Briefs

I INTELLIGENT COMPACTION BRIEF

MPa, and materials with meisture conrents that complied with the
specifications produced E . = 20 to 30 MPa. For relatively wet
soils, E = 15 MPa was observed. When the inspectors released
the drop-weight. they also looked for “hard recoil” as an indicator
of compaction quality. At the time of ISU field testing, a minimum
acceptable threshold value of E = 18 MPa was used for
acceprance. When the moduli values were less than the threshold
value, the ficld inspectors gencrally found that the in-place
molsture content was relatively high. When the measurements
were equal to or greater than the minimum thresheld value,

bur the embankment layers appeared ro show pumping under
construction taffic or roller, an additdonal WD reading was taken
at a depth of about 100 to 150 mm below the surface. When
additional compaction effort did not improve the WD values, the
embankment was disked, aerared, and re-compacted.

QA Tese Resules by MnDOT

The QA rest results of moisture content (w), ELWD‘ WD deflection
values (d ). and MDP* values are summarized as histograms in
Figure 2. Simple lincar regression analysis was performed between
these measurements to assess the influence of molsture content on
E,yp, and MDP*, and the relationship berween MDP* and E .
The results are summarized in White et al. 2009, which indicated
thar the WD and MDTP* values were influenced by changes in
moisture content {increasing moisture decreases E,yp, and MDT"),
MDP* values are empirically correlated with E ., measurements,
and B values are affecred by wet/soft layers below the resting
surface. Significant scatter was observed in those relationships with
R* values ranging from 0.1 to 0.2, Regression relationships between
these parameter values are further explored through concrolled test

trip construction and testing and the results are summarized below.

Results from Research Test Strips

Test strips 2 and 3 involved calibration test arcas, Test strip 2
consisted of a 36 m long one-dimensional test strip. Motor scrapers
were used to place the fill marerial and a bulldozer was used to level
the material in the test strip area (Figure 3). The uncompacted lift
thickness of the fill was in the range of 0.3 to 0.5 m. The test suip
was compacted with 15 roller passes with two nominal vibration
amplitude (a) scttings: Pass 1 through 8 at a = 1.87 mm and Pass

9 through 15 ar a = 0.85 mm. In sita poine measurements were
obtained using nucear gauge (NG), dynamic cone penetrometer
{DCP); and Zorn LWD test devices at 0, 4, 8, and 15 roller passes.
DCP cest results ate reported as dynamic penetration index values

for top 300 mm (DPL,,).
Figure 4 presents MDP™ data plots along cest strip 2 and

corresponding poine measurement values after 1, 4, & and 15
roller passes. Point measurements showed variations that generally
coincided well wich variations in MDP* along che cest scrip. The
target minimum E . and MDT* values used for QA arc also

shown in Figure 4, for reference.

To assess influence of vibration amplitude on MDP* values, tests
strip 3 was evaluated with three 45 m long lanes compacted vsing
different amplitude serrings as follows: (3a) staric, (3b) a = 0.85

mm, and {3c) a = 1.87 mm. IWD teses were conducted after 1, 2,
4, 8, and 12 roller passes, and NG tests were conducted after 12
passes at five test locations across each lane, MDP* compaction
growth curves for each lane are presented in Figure 5.

The compaction curves for all lanes followed the same path of
increasing average MDP* from pass 1 through 7, some decrease

in MDP* after passes & and 9, and chen a slight increase in MDP*
and/or relatively constant MDP* after pass 10 Low MDP* values
were recorded for pass 9 on lane 3b, which is a result of 2 low
throttle setting during roller operation. The results did nor show
any evidence of the influence of vibration amplitude on MDT* on
this test strip, However, the material was generally wer of optimum

moisture content and variable on this test strip.

Figure 3, Test strip Z construction and testing (from White et al, 2009)
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Figare 5. Infi of amplitude on MDP* compaction curves en test strip 3 lanes Ja, 3b, and 3¢ {from White et al. 2009)
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Figure 6. Linear regression relationships b MDP* and LWD, nuelear gauge, and DCP test measurements from tes! sirips 1, 2, and 3 (from
White et al. 2009)
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Figare 7. Multiple linear regression relationships incarparating moisture content in predicting MOFP* values from DCP and LWD test resuolis (from

White et al. 2009)

Repression relationships based on dara obrained from research

test arcas are summarized in Figure 6. MDP* data obtained from
test strips 1 and 2 and cest strip 3 showed different erends in the
relarionships with WD measurement values, MDP* values tended
to reach an asympiotic value of 150. The MDP* versus E .
relarionships showed improved correlations for the trends observed
with MDP* values less than 138 (R = 0.4) and greater chan 138
(R*=0.3).

MDP*and dry densiry () relationships showed poor correlations
with R? values berween 0.0 and 0.3,

Similar to correlations between MDP* and E . measurements,
at MD I values greater than 138, MDP* and DPI, | relationships

300
showed relatively poor correlarions with R? of aboue 0.3,

Multiple regression analysis was performed on the dara ro assess
the influence of moisture content and amplitude on relarionships
between MDP* and E . MDP and . and MDP-DPL, . The
analysis indicated that vibration amplitde was not statistically
significant. Molsture content was statistically significant in

predicring MDP* fiom E___and DPL_ measurements and
improved the B? values from (.37 to 0.48 and (130 to 0.45,
respectively (Figure 7). Moisture content was not seatistically
significant in predicting MDP* from ¥ measurements for chis
dataset.

Summary of Key Findings

* MDP* measurements showed positive correlations with surface
E,pp, and compaction layer DP1 measurements. The regression
relationships, however, showed varying degrees of uncerrainey
with B* values varying from about 0.3 to 0.8, Relationships
berween MDP* and v, generally showed poor correlations
(R = 0.3). Soft ar uncompacted zones at depths below about
0.25 m on tests strips 1 and 2 did not affect the MDP*

measurements,

s T iy S e g
Regression relationships improve in predicting MDP* from E_
and [Pl when moisture content Is indluded in dhe regression

analysis. This illustrates the sensiriviry of soil molsture content in

interpreting MDT™ values.

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

Transportation Pooled Fund Study Number TPF-5(233)

N
w



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

Transportation Pooled Fund Study Number TPF-5(233)

N
»

Intelligent Compaction Briefs

INTELLIGENT COMPACTION BRIEF I

¢ Separate trends were observed in MDP* correlations wich E
which present a challenge in implementing the QA requirement
of a production area meeting 90% to 120% of IC-TV as the
limits are applicable only with one linear trend in the dara wich
increasing compaction.

-

The wrong throttle and gear sercings used during roller
operations invalidated 1C measurement values for some sections,
The roller manufacturer recommendation is thar the roller
should be operated at 2 high throttle and low gear setting during
compaction operations.

Mo evidence of influence in vibration amplicude on MDP* was
found for the material tested on tests strips 2 and 3. On est strip
3, the average MDIP™* achieved on all lanes was almost the same
as on pass 8, The marerial in the test strips was either close to or
wet and of optimum moeisture content,

Reference

White, [». |., Vennapusa, B, Zhang, ].. Gieselman, H., and Morris,
M. 2009, Tuplemenrasion of Intelligent Compacion Perfornance
Based Specifications in Minnesota, Final Report, MN/RC 2009-
14, Minnesorta Deparcment of Transportation, St. Paul, MN.
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Project Description

This field demonstration project was
conducted on the Florida Stare Road (SR)
9B construction project in Jacksonville,
Florida from May 16 through May 19,
2011. A Carerpillar C§74 vibratory
smooth drum self-propelled roller was
used on the project. The machine was sec
up with a reller-integrated compaction
monitoring (RICM) system.

Four test beds (TBs) were evaluated

using the on-site granular embankment

fill material. TBs 1 and 2 involved
construcring and testing sections

with different types of geosynthetic
reinforcement materials, TBs 3 and 4
involved mapping project production areas
and selecting test locations based on the
color-coded on-board computer display in
the roller for in situ testing.

Field testing involved obtaining RICM
measurements during the compaction and
mapping process and point tests induding
the following: dynamic cone penetrometer
(DCP), static cone penetrometer test
(CI'T). staric plate load tese (PLT), falling

weight deflectomerer (FWD), light weight
deflectometer (DWD). nuclear gauge (NG).
and sand cone density. In addition, all test
sections of TB1 were instrumented with
piczoclectric earth pressure cells {(EPCs)

to monitor in-ground total vertical and
horizontal scresses before, during, and after
compaction.

Project Objectives

Evaluate the use of RICM technology
with an-board computer display for
compacted fill quality control (QC) and
quality assurance ((QJA) testing

Evaluate compaction influence depth
under the RICM roller

Fraluate differences in engineering
propersties berween different types of
geosynthetic and geocell reinforced fill
test sections aleng with unreinforced
fill cest secdon using different QCIQA
resting methods

Evaluate differences in the in-ground
dynamic stresses under the roller
between different test sections
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* Provide researchers and practiioners with hands-on experience
using RICM technology and various QUCIQA testing
technologies and geosynthetic/geocell reinforcement products

This tech brief presents results of some key findings from the TB1

test area and TBs 3 and 4 production areas. (Detailed results are

available in White et al. 2012 and Vennapusa and White 2014).

RICM System Overview

The Caterpillar CS74 roller was equipped with compaction meter
value (CMV) and machine drive power (MDI) measurement

systems.

CMV is an index parameter (measure of non-linearity) computed
as the ratio of drum acceleration amplirade of the first harmonic

divided by the acceleration amplitude at the fundamental {eccentric

excitation} frequency. This value requires only the measurement of
vertical drum acceleration,

MDP relates to the soil properties controlling drum sinkage and
uses the concepts of rolling resistance and sinkage to determine the
stresses acting on the drum and the energy necessary to overcome
the resistance to motion. MDT is a relarive value referencing the

fe
Figare 1. Geosynthetic reinforcement used an TB1: (a) BX geogrid, (b) GC100/150, (c) €30, and (d) PPWF

material properties of a calibration surface, Posicive MDP values
indicate marerial that is softer than the calibration surface, while
negative MDT values indicate material that is stiffer than the
calibration surface.

The MDP walues obrained from the €574 machine used in this
study were scaled by the manufacturer to range between 1 (high
machine resistance) and 150 (low machine resistance) and these
re-scaled values are noted as MDT* in this bricf.

More information about CMV and MDP* measurements is
provided in White er al. 2012,

Test Beds and Material Properties

TE1 invalved constrocting a test area abour 6.2 m wide by 75 m
long with six test sections incorporating one control section and
several different geosynthetic reinforcement marerials into one

or twa layers of poody praded sand (A-3 or SP) embankment fill

material as fallows (Figure 1): hiadal geogrid (BX), nonwoven
geotextile geocomposite (C30), polypropylene woven fabric
(PPWEF), 100 mm geocell (GC100), and 150 mm geocell (GC150)
materials.
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Figure 2 TB3 with RAP surfacing (top) and TB4 with embankment
sand fill (bottom)

TE3 involved resting a production area with 30 to 120 mm
thick reeycled asphalt pavement (RAT) surfacing over natural
(uncompacted) sand subgrade, which was construcred o serve

as a havl road for construction traffic ar che sive (Figure 2). Plan
dimensions of the test area were abour 10 m wide by 95 m

long. The area was mapped in four roller lanes in low amplitude
(a = 0.90 mm), high amplirede (2 = 1.80 mm), and static modes.
The vibration frequency was set ar 30 Hz and the machine was
operated at a nominal speed of 4.5 km/h. TWD and DCP tests
wete conducted at 11 to 12 test locations in the area thar were
sclected using CMV and MDP* color-coded maps on the screen.
Test locations were then selected at three to four locations in the
low, medium, and high CMV or MDP* values, The RAP material
was visually classified as well-graded sand with gravel.

TB4 consisted of a production embankment fill asea with A-3 or
SP marerial (Figure 2). Pull-behind scrapers were used for hauling
fill material in this area. Compaction occurring under scraper
tires and other construction craffic was considered acceprable on
this project (ie.. no compactors were used). Plan dimensions of
the TB4 area was abour 12.5 m wide by 65 m long, The area was
mapped in four roller lanes in low amplitude, high amplitude,
and staric modes. TWD and DCP tests were conducted ar 10 rest
locations in the area.

Field Test Results

Test Bed 1 - Geosynthetic Reinforced Test
Sections

On TB1, MDP* and CMV measurements were obtained for
multiple passes by operating the machine in opposite travel
directions. Results from two passes are shown in Figure 3 for

MDP* and Figure 4 for CMV.
These results indicared that both MDP* and CMV RICM

measurements are influenced by the roller directon of tavel. The
MDP* data are reported at the center of the drum. Howewver, the
measurements represent the mechanical performance of the whole
roller, which are affected by che roller-soil interaction ar the front
drum and the rear tires.

To assess the amount of influence that the front drum versus the
rear tire has on the MDP* measurements, the dara obrained from
the two passes were repositioned to match the sharp trnsitions or
peaks observed along the TB (Figure 3).

The offser discance for repositioning was observed to be abour

2.60 m behind the drum center, Note that this offser caleulation
inherendy assumes thac the subsurface conditions under che full
length of the roller are the same in both directions of travel when
the dram is positioned at a point, which is not true given that
each section along this TB has distincdy different reinforcement
systems. For cxample, if the roller is traveling from left to right (0
m to 75 m) and the dram center is posidoned ar 30 m (BX/GC150
transition), the rear tite is in the BX section. In contrary, if the
roller is eraveling from right to left (75 m to (0 m). the rear tirc is in
the GC150 section.

Further research is warranted o cleady identify and characterize the
relative influence of the front drum versus the rear tires on MDP*®
measurements and this is an important aspect to furcher evaluare,
because it directly affects how QU/QA test measurements should
be obrained to condnce calibration tests and establish targer valies
for acceprance.

Using a similar procedure explained above for MDT*
measurements, the offset distance for CMV measurements was
obrained as 0.9 m. Unlike MDP* measurements, the CMV
measurements are based purely on drum/soil interaction with
minimal influcnce of rear tires. However, the offserting occurs
becanse the CMV ar a given point indicates an average value over
a roller travel length of abour (1.5 sec (Geodynamile ALFA-030
undated). The roller cravel speed for passes 4 and 7 was abour 5.0
km/h, Therefore, the travel distance in 0.5 sec was about 0.7 m,
which is very close to the caleulated (.9 m offset distance.

Comparison of RICM measurements berween different rest
sections revealed that the average MDI* was about 1.07 times
higher in the geacell sections compared to the control section. The
BX section average MDP* was abour che same, while the C30 and
PPWT section average MDP™s were about 0.90 to (.95 times the
control section average MDP*.

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

Transportation Pooled Fund Study Number TPF-5(233)

N
N



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

Transportation Pooled Fund Study Number TPF-5(233)

N
0

Intelligent Compaction Briefs

INTELLIGENT COMPACTION BRIEF I

BX GC150 GC100  C30 PPWF Control
1-1(50) 1-2450) 1-3(50)  1-4{12) 1-4(38)  1-5(50h

5 /--\
——— Pasmd(a= 0% mm) I/ o __/
——— PasT@=0%mm) | = O B

a
a0 MOP" dats rapored s the center of the dum
] 15 30 45 60 75
BX GC150 GC100  C20  PPWF Control
130 180 1-2(50) 1:3(50)  1-4(12) 1-4(38) 15 (50)
120 R
1a- \hv\“ﬁf\
: / ; ~
= 100 - \-\ /‘/
Pas d (8 = 000 mim) _._f/
80 - Pass 7 (@ = 0.90 mm)
8 MDP* data re-positioned by applying an offset "8” from the centar of e dum
o 15 30 a5 60 75
Destance (m)
.
 P—
|

Cross-Sechional View

A= 280 m = Length between wheel bases
B =260 = Ofsed lenglh used 1o adjust MOP® posilion dependng an e diresbion of travel

Figure 3. MDP* measurements for two passes in opposite directions
before and after offsetting measurement positions and roller schematic
showing measurement offset

MDP*  MDP* MDP* CcMvV Ccmv
Pass1 Pass2 Pass3 Pass1 Pass2
{a=0.90)(a = 1.80) (Static) (a=0.90)(a=1.80)

95 m

Figure 5. MDP* and CMV maps at different amplitude settings on TB3

BX GC150 BC0D Can  PPWE Conlrol
1-1{54) 1-3{500) 13500 1-4012) 14 (38)  1-5 (50}
x Clw)y
g LR S T
15 .'/\ oy LL
27 N AV
TR i/

gl Pass 4 (a = 093 m) i 1
Pags ¥ lm= 090 mm) | = ¢ 3

CMY data reparled st he cenler of e drum

Q
a 15 30 45 11} 75
BX GC150 GC100  CIp PPWF Cantral
25 1-1(80% 1-2(50) A-350p  1-4012) 1-4 {38)  1-5(50)

eyl

= L :
Y0 A :
Paes 4 {2 = 090 mm)
5 Pamss 7 {2 = 080 mm)
CIMV dala re-gosiioned By applying an 0.9m offsel frarm the camer of the drum.

Q 15 a0 45 i) 75
Distance (m)

- A ¥ * R
Crose-Sactional View

A =280 = Length between wheel bases
B = D.90 m = Ofisat langth Lsed 1o adjust CMY pesiian depending on the draction of kel

Figure 4. CMV measurements for two passes in opposite directions
before and alter offselting measurement positions and roller schematic
showing the measurement offsel

MDP*  MDP* MDP* cmMy cmv
Pass1 Pass2 Pasg 3 Pass1 Pass2
(a=0,90)(a=1.80) (Static) (a=10,90) (a=1.80)

Figure 6. MDP* and CMV maps at different amplitnde settings on TB4
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In contrary to the MDP* measurements, CMY measurements
were generally lower in the reinforced sections than in the control
section with the exception of measurements in the GC100 section.
The BX section showed the lowest valnes compared to all other
reinforeed sections.

Test Beds 3 and 4 - Production Areas
CMV and MDT color-coded maps from TBs 3 and 4 are presented

in Figures 5 and 6, respectvely.

On average, MDP* values were higher in TB3 than in TB4. CMV
measurements were higher in TB4, These differences berween
CMV and MDP* measurements on the two test sections are
attributed to the differences between their measurement influence
depths (MIDs). MID is furcher explained through correlacion
analysis below.

Representadive DCP-CBR and cumulative blows profiles from
each tesc section are shown in Figure 7. The DCP profile from TB3
shows a thin stiff cruse at the surface (CBR > 40) with the RAP
material and a relatively uniform CBR with depdy (CBR-10) in
the underlying narral sand subgrade. The DCP profile from TB4
shows increasing CBR with depth. This trend is due to increasing
confinement with depth.

Weighted average CBR up to a depth of 300 mm (CBR__) and
800 mm (CBR_ ) below the surface were calenlared from each
test location for correlation analysis. On TB4. these measurements
were calculated by excluding dara from the firse drop (considering
the drop as the seating drop over loose surface material), as well as

including dara from the first drop.
Correlations berween WD modulus (E ) and CBR

e
measurements and roller CMV and MDP* measurements are

presented in Figure 8.

Regression relationships and the corresponding statistics (ic..
coefficient of determination {R%) value, standard error, and number
of measurements (n)) are also presented in che fipure. The statistical
relarionship between CMV and E - yielded a linear regression
model with R? = 0.66 for TB3 (Figure #a},

CER (%) Cumulative Blows
0.1 1 w10 0 20 40 ED B0 100
0.0 i ; E 4 | 00 + s
: RaP éase at
02l [ |surtace - Ta3| 0.2
Loosa sand at i
surface - TB4 3
E. 04 J 04 4N
E
(=8 3
2 g | og e
; : | Y-
o8 783
TB4
10 i 10

Figure 7. Sample DCP-CBR profiles from TB3 and TB4

The TB4 dara did not follow the same trend as the TB3 dara.
Similarly, the relationship between CMV and CBR_ | showed

that the TB4 data did not follow the same trend as the TB3 data.
CMV versus CERM for TB3 data yielded a non-linear relationship
with B = 0.77 (Figure 8c). There was no statistically significant
relationship for the TB4 E - and CBR,| dara with CMV.

The relationship between CMV and CBR, | yiclded a non-linear
exponential model with R* = 0.77, induding data from both

test beds (Figure 8e). The CBR | dara caleulated excluding
first-blow DCP data, correlared better with CMVs than data
caleulated including first-blow DCT daca. This supgests that CMV
measurements are not particulardy sensitive to loose sand at the
surface.

MDP* versus E . and MDP* versus CBR, relationships (Figures
Bh and 8d) yiclded a non-lincar hyperbolic model with R* = 0.65
and 0.86, respectively, including data from both rest beds, The
CBR,, data calculated, including first-blow DCP daa, correlated
better with MDP* than data calculared excluding firse-blow DCP
data. This suggests thar MDP* values are sensicive o loose marerial

at d'.lf Slll'f&l(f—

The hyperbolic relationship berween CBR, | and MDIP™* sugpests
that the MDP* values arc more sensitive to changes in CBR, up
to about 7 than at values less than 7. The relarionship between
MDP* and CBR_ yielded a linear regression model with R* = 0.83
for TB4 (Figure 8f). TB3 data did not follow the same trend as
TBa data.

Summary of Key Findings

* Color-coded display with 100% coverage of compaction area was
effective in selecting “soft” and "stiff” areas for spot resting,

* RICM measurements generally were better correlated with TWD
and DCP-CBR spot test measurements than with NG density

measurements {see White er al. 2017 for resules).

* MDP* measurements were influenced by the direction of
cravel, This is becanse the MDP* measurements represent the
mechanical perfarmance of the whole wller. which are affected
by the roller-soil interaction at the front drum and the rear tires,
and the results are only reported at the center of the drum. The
offset distance for MDP* measurements Is observed to be about
2.60 m behind the drum center. This is an important aspect
to further evaluate because it directy affects how QCIQA est
measurements should be obtained to conduct calibration tests
and establish targer values for acceprance.

¢ CMV measurements were also influenced by che direction
of travel. The offsetting occurs because the CMV at a given
point indicares an average value over a roller travel lenpth
corresponding to a measurement interval of abour 1.5 sec.

CMV has a decper measurement influence deph {(up to 1 m)
than MDP* (= 0.5 m). The stiff surface layer of RAT material
on TB3 influenced MDP* measurements more than CMV
measurcments.
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Figure 8. Regression relationships between (a) CMVand E,,,, (b) MOF* and £, (c) CMV and CBR, (d) MOP* and CBR,, (e} CMV and CBR,, and {f}

MDP* and CBR,,,

* When daca from TBs 3 and 4 are combined, MDP* correlated
well with E . and CBR, , (which represents the material
properties in the top 300 mm). The dara did nor follow the

same trend when MDP* data was correlared with CBR_&” {which

represents the material properties in the top 800 mm).

® When daca from TBs 3 and 4 are combined, CMV correlated

well with CBR_ . The data did not follow the same trend when

CMV was correlated with B, and CBR,, .

CBR,, correlated berter with CMV measurements when the

first DCP drop was excluded (considering it as a scating drop)

for TB4 data, where the material was loose at the surface due to

no confinement, than when the first DCP drop was included.
O the other hand, CBR,, data correlared better with MDT

H00
measurements when che fitsst DCP drop was included for TB4

data. This suggests that the MDP* measurements are influenced

by the loose sand at the surface, while CMV is not.
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PUTTING RESEARCH TO WORK
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vy
“Intelligent
compaction is an
effective
technology for
impraving the
compaction of

unbound materials
aiil ¢an be vsed
By contracters to
more efficiently
meet WisDaT's
compaction
requirements.”

—Harold L. ¥on
Quintus

Wisconsin Highway Research Program e wwwwhrp.org November 2010

Evaluating Benefits and Limitations of
Intelligent Compaction

( j onstruction of high-quality pavements is dependent on achieving adequate density or compac-
tion throughout the supporting soil, base and pavement layers. The objective of achieving a
specified density is to ensure a minimum layer stiffness and strength of the upper layers and to

reduce the likelihood of detrimental, long-term changes in the properties of the supporting materials.

Currently, density is evaluated by either visual inspection (typical for embankments in Wisconsin) or

in-place density measurements with nuclear density gauges or other devices.

What's the Problem?

Because of soil variability and other factors, it can be difficult to achieve and measure the desired
density during compaction. A technology called intelligent compaction shows promise for improv-
ing this process on unbound soil and aggregate materials as well as on in-place asphalt mixtures. [C
is called “intelligent” because the compaction rollers are equipped with sensors that measure density
on a continuous basis; and an on-board computer collects and displays density measurements for each
small section of the site as determined by a Global Poesitioning System unit. The operator is then able
to monitor layer stiffess and adjust compactive effort in real time to achieve uniform and acceptable
density across the entire site.

Research Dbjectives

The goals of this project were to help WisDOT evaluate the advantages and limitations of IC for
achieving density, and to determine the material types and conditions that might cause inaccuracies in
IC roller output concerning layer stiffness and other properties.

Methodology

Researchers evaluated IC technologies on three projects in Wisconsin, including two for unbound
materials and one for HMA. IC rollers were used to evaluate the densification of unbound subgrade,
subbase and base materials on WIS 18 west of Jefferson, WIS 80 north of Highland and US 45 near
Eden. Specifically, material types included:

* Subgrade: Low (WIS 18) and high (WIS 80) plasticity clays

* Subbase: One lift of silty sand (WIS 18)

* Base layers: Crushed aggregate base course (WIS 18/WIS 80) and recycled asphalt (WIS 80)
* HMA overlay (US 45)

To evaluate the accuracy of IC measurements, researchers compared IC output to the results of various
field tests. For the WIS 18 and WIS 80 unbound materials projects, researchers used a dynarnic cone
penetrometer to measure stiffhess and strength, a nuclear gauge to measure density and water con-
tent, and a geogauge to measure elasticity. On the US 45 HMA project, researchers evaluated in-place
density using a non-nuclear density gauge and portable seismic pavernent analy zer. As a measure of
uniformity, an infrared camera was used to monitor surface temperatures, variations in which can indi-
cate potential differences in air void content and gradation. Samples were collected from each project
for laboratory characterization of physical and mechanical properties to compare to the data output
from the IC rollers.

Results

For unbound materials, demonstration projects indicate that IC is an effective technology for contrac-
tors to map the stiffness of layers and identify weak areas prior to the placement of subsequent layers.
IC rollers can also be used to determine the best rolling patterns and number of passes to achieve a
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Project Managers

‘.
“Intelligent
compaction
technology has the
potential to provide
instantaneous
fesdback on the
uniformity and
degree of
compactive effort
on both subgrades
and HMA
pavements over the
entire surface. This
would be valuable
information for
hoth contractors
and WisDor."

~Len Makowski
t

Intelligent compaction rollers are equipped with a speed sensor, an accelerometer to measure
drum vibration, and a processor that analyzes this data and sends it to a unit that displays a
color-coded map of stiffness in the area being compacted.

specific stiffness level in unbound lavers, identify when aggregates arc being damaged by over-roll-
ing, compact deeper lifts by optimizing compactive effort, and identify locations for point measure-
ments with field devices during construction quality assurance.

However, interpretation of IC data is not a simple process, and IC rollers produce a composite stiff-
ness value that is influenced by both the layer being compacted and its supporting layers. The research
recommends that these challenges be addressed through use of control strips and field-test devices in
conjunction with IC to develop adjustment factors and to define rolling patterns and roller settings.

Researchers cautioned against the immediate use of IC for HMA because at this point, IC rollers are
only used as the breakdown roller; thus further densification of the HMA layer due to compaction by
intermediate and finish rollers cannot be captured through use of IC technology. Furthermore, roller
response for HMA layers is heavily influenced by supporting layers; as a result, stiffness measure-
ments by IC rollers differ significantly from laboratory tests.

Benefits and Implementation

With further research, IC has the potential to lower construction costs, improve the uniformity of com-
paction, and increase pavement performance and service life. However, researchers cautioned against
requiring contractors to use 1C until this technology is more established and uniform equipment output
values are established. Rather. IC provides an additional tool that some contractors may utilize to meet
WisDOT’s compaction requirements in a cost-effective manner. Researchers presented the details

of their findings in a Webinar, available at hitp://www.whrp.org/rescarch-arcas flex/flex_0092-08-

07 closeout_webinarhtml.

Further Research

More research is needed on the reliability and accuracy of the IC measures, confirmation of improve-
ment in the uniformity of compaction, and quantification of IC’s economic benefits. Research is also
needed to investigate the effect of lift thickness on IC output and to correlate the IC output from dif-
ferent manufacturers” reporting systems to standard measures of acceptance. WisDOT has no plans in
the near future for additional IC pilot projects, but will follow national research on IC as the technol-
ogy is developed.

This brief summarizes Project 0092-08-07, “ Evaluation of Intelligent Compaction Technology
Jfor Densification of Roadway Subgrades and Structural Layers,” produced through the Wisconsin
Highway Research Program for the Wisconsin Deparmment of Transportation Research Progran,
PO Box 7915, Madison, WI 53707

Daniel Yeh, WisDOT Researcl and Communication Services

http:/fon.dot.wi.goviwisdotresearchfindex.htm * research@dot.wi.gov
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A Road Map for Implementation of Intelligent Compaction Technology

David J. White', M. ASCE, P.E.. Pavana Vennapusa®, A.M. ASCE, and
Mark Du1m3_. P.E.

! Associate Professor, Dept. of Civil Construction and Environmental Engineering,
Director, Center for Earthworks Engineering Research (CEER), Iowa State
University, Ames, Iowa, diwhiteid@iastate.edu
? Research Assistant Professor, Dept. of Civil Construction and Environmental
Engineering, Assistant Director. Center for Earthworks Engineering Research
(CEER), lowa State University, Ames, lowa, pavanviaiastate.edu

Towa Department of Transportation, Operations Research Engineer, Office of
Research & Analytics, Ames, Towa, mark dunn@dot.iowa gov

ABSTRACT: Over the past few vears, intelligent compaction (IC) has been a focus
of research, demonstration projects, and specification development in the U.S, Federal
Highway Administration (FHWA) has recently moved IC to national level
implementation. Equipment manufacturers, individual state DOTs and the
Technology Transfer for Intelligent Compaction Consortium (TTICC), a
Transportation Pooled Fund, TPF-5(233) initiative, are also focusing on
implementation efforts. What this paper does i1s describe the results of a series of
workshops attended by more than 400 attendees—representing several state DOTs,
FHWA, equipment manufacturers and researchers—that contributed to a detailed
roadmap identifying implementation needs and action items. A key outcome of these
workshops was the development of a prioritized list initially created in a 2008 and
updated annually through 2012. This paper describes in greater details how this list
was developed and prioritized and how it has changed since being initiated in 2008.
Accompanying this list is a set of action items to overcome the various barriers
identified. (Words = 162)

INTRODUCTION

Downloaded from ascelibrary.org by lowa State University on 08/21/14, Copyright ASCE. For personal use only, all rights reserved.

Increasingly. state departments of transportation (DOTs) are challenged to design
and build longer life pavements that result in a higher level of user satisfaction for the
public. One of the strategies for achieving longer life pavements is to use innovative
technologies and practices. In order to foster new technologies and practices, experts
from state DOTSs, Federal Highway Administration (FHWA), academia and industry
must collaborate to identify and examine new and emerging technologies and
systems. As a part of this effort, the Iowa DOT and the Center for Earthworks
Engineering Research (CEER) have been hosting workshops on Intelligent

Geo-Congress 2014 Technical Papers

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

Transportation Pooled Fund Study Number TPF-5(233)

[+ ]
w



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

Transportation Pooled Fund Study Number TPF-5(233)

0
H

—— GeoCongress 2014 Article — A Road Map for Implementation of Intelligent Compaction
Technology by White, Vennapusa, and Dunn

Implementation of Intelligent Compaction

Geo-Congress 2014 Technical Papers, GSP 234 © ASCE 2014 2011

Technology by White, Vennapusa, and Dunn

-
e
o
©
=
e
©
o
o«
<<
]
o
[
=
£
<<
<
o
~
wv
wv
I
<
[S)
c
S
)
o
L
()

Compaction since 2008, and developed a roadmap to address the research,
implementation, and educational needs to integrate IC into practice. Realizing that a
national forum is needed to provide broad leadership that can rapidly address the
needs and challenges facing DOTs with the adoption of IC technologies, the Iowa
DOT initiated the TTICC project under the Transportation Pooled Fund Program
(TPF Study Number 5(233)). The purpose of this pooled fund project is to identify,
support, facilitate and fund intelligent compaction (IC) research and technology
transfer initiatives. The following state highway agencies participated in this study:
California, Georgia, Iowa, Kentucky, Missouri, Mississippi, Ohio, Pennsylvania,
Utah, Virginia, and Wisconsin. In addition to the partner states, the of workshops
have had input from more than 400 attendees—representing several additional state
DOTs, FHWA, equipment manufacturers and researchers—that contributed to a
detailed roadmap identifying implementation needs and possible action items.
The goals of the TTICC are as follows:

e Identify needed research projects

e Develop pooled fund initiatives

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

e Provide a forum for technology exchange between participants

e Develop and fund technology transfer materials

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

This paper presents the details and summary of findings from the various
workshops. Additional details of the workshops and outcomes are reported in White
et al. 2008, White et al., 2009, White et al., 2010, White et al, 2011 and White et al.,
2012.

RESEARCH/IMPLEMENTATION NEEDS

A key outcome of the workshops was the development of a prioritized list initially
created in a 2008 and updated in 2009, 2010, 2011, and 2012. The top IC research
needs currently include:

Data management and analysis

Specifications/Guidance

In-Situ Correlations

Understanding impact of non-uniformity of performance
Standardization of roller outputs and format files
Standardization of roller sensor calibration protocols

Education program/certification Program

Understanding roller measurement influence depth

Project scale demonstration and case histories

In-situ testing advancements and new mechanistic based QC/QA
Intelligent compaction technology advancements and innovations

Downloaded from ascelibrary.org by Iowa State University on 08/21/14. Copyright ASCE. For personal use only; all rights reserved.
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12.  Intelligent compaction research database
13.  Impact on sustainability

Table 1 provides a detailed description of each of the roadmap elements. Table 2
presents the change in the ratings of different roadmap elements since 2008,
highlighting the transition of the top three elements. The intelligent compaction
specifications and in situ correlations road map elements have remained in the top
two between 2009 and 2011, The data management road map element was rated as
the top one this year. Progress with pilot IC specifications recently implemented by
the DOTs and first-hand experience on challenges associated with real-time data
transfer and analvsis has shaped the prioritized rankings. Table 3 presents the action
items identified for the TTTIC group, industry, and FHWA, on each of the roadmap
elements.

Table 1. IC road map research, implementation, and educational elements

IC Road Map Research, Implementation, and Educational Elements

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

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

3. Intelligent Compaction and In Situ Correlations. This research element will develop field

investigation protocols for conducting detailed correlation studies between IC measurement values and

various in situ testing technigues for earth materials and HMA. Standard protecols will ensure complete
and reliable data collection and analysis. Machine operations (speed, frequency, vibration amplituce)
and detailed measurements of ground conditions will be required for a wide range of conditions.

Relationships between HMA and WMA mix temperature. roller measurement values, and performance

should be developed. A comprehensive research database and methods for establishing |C target

wvalues will be the outcome of this study. Information generated from this research element will
contribute to elements 2, 7, 8, 10, and 12. There is a need to define "gold" standard QC/QA in-situ test
measurement for correlations depending on the material type (i.e., soils, base, or asphalt)

4. Understanding Impact of Non-Uniformity on Performance. This track will investigate relationships
between compaction nen-uniformity and performancefservice life of infrastructure systems—specifically
pavement systems. Design of pavements is primarily based on average values, whereas failure
conditions are affectad by extrems values and spatial variations. The rasults of the research alement
should be linked to MEPDG input parameters. Much needs to be learned about spatial variability for
earth matenals and HMA and the impact on system performance. This element is cross cutting with
elements 1, 2, and 7.

Downloaded from ascelibrary.org by lowa State University on 08/21/14, Copyright ASCE. For personal use only, all rights reserved.

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

6. Standardization of Roller Sensor Calibration Protocols. IC rollers are equi d with measurament
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sensors (e.g., accelerometers in the case of vibratory-based technologies), GPS, data logging systems,
and many on-board electronics. These sensors and electronics need perodic maintenance and
calibration to ensure good repeatability in the measurement systems. This research element will involve
dewveloping a highly mobile mechanical system that could simulate a range of soil conditions and be
deployed to a project site to periodically verify the roller cutput values. Further, establishment of a
localized calibration center (similar to a falling weight deflectometer calibration center) by a state
agency can help state agencies periodically verify the repeatability and reproducibility of the
measuremants fram their sensors and other electranics

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

Understanding Roller Measurement Influence Depth. Potential products of this research element
include improved understanding of roller operations, reller selection, interpretation of roller
measuremsnt values, better fisld compaction problem diagnostics, selection of in situ QA testing
methads, and development of analytical models that relate to mechanistic performance parameter
values This element represents a major hurdle for linking I1C measurement values to traditional in situ
test measurements.

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

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

. Intelligent Compaction Technology Advancements and Innovations. Potential cutcomes of this

research element include development of improved 1C measuremeant systems, addition of new sensar
systems such as maisture content and mat core temperature, new onboard data analysis and
visualization tools, and integrated wireless data transfer and archival analysis. Further, this research
element will also explore retrofitting capabilities of IC measurement systemns on existing rellers. It is
envisionad that much of this research will be incremental and several sub-slements will need o be
developed.

. Intelligent Compaction Research Database. This research element would define IC project database

input parameters and generate web-based input protocols with common format and data mining
capabilities. This element creates the vehicle for state DOTs to input and share data and an archival
element. In addition to data management/sharing, results should provide an option for assessment of
effectiveness of project results. Over the long term the database should be supplermented with
pavement performance information. It is imporiant for the contractor and state agencies to have
standard guidelines and a single source for the most recent informatien. Information generated from
this element will contribute to elements 2, 2,7, 9, and 10

Sustainability. This research element involves evaluating benefits of IC in terms of sustainability
aspects such as the potential for use of less fuel during construction, reduced life-cycle and
infrastructure maintenance costs, etc.
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Table 2. IC Research, Implementation, and Educational Elements — Ratings

DATA VISUALIZATION AND MANAGEMENT

On the topic of data visualization and management, IC technology provides the
opportunity to collect and evaluate information for 100 percent of the project area, but
it can also produce large data files that create analysis, visualization, transfer, and
archival challenges. Thus, approaches for managing the data need to be developed. IC
measurement values referenced to GPS coordinates are spatially referenced. which
can be useful for targeting QA testing and signaling to the contractor where additional
rolling or rework is needed. Figure 1 shows an example data set for visualization and
analysis for CMV data overlaid with in situ measurement values. This approach has
the advantage of linking IC and in situ test measurements with electronic plans.

IC data output files have various formats that include *.xls, *.1xt, *.csv, and *.dbf file
types. Memory required for data storage will vary with the file type. For a section
with plan dimensions of approximately 250 meters by 10 meters with compaction
performed in five roller lanes, the memory required for single point data (assigned to
one location across the drum) is approximately one to two megabytes for *.xls, *.txt,
csv, and * dbf file formats.

from 2008 to 2012
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Table 3. Possible Action Items for the TTICC Project Team, Industry, and

FHWA
List of Action ltems TTICC  Industry  FHWA
1. Data Management and Analysis
a. Define requirements b
b. Discuss with other state DOTs X
c.  Enhance Capabilities of Software's X
d.  Meed Real Time Data Processing/Delivery Capabilities *
€. MNeed Improvements in Position Accuracy (vertical) *
- f.___Data Analysis Software X
£ 2.IC Specifications/Guidance
] a,  Post Examples and Current Specifications Online {Use CEER Website) b
j§ b.  Establish a Review Committes X
2 c. Develop a Standard Outline x
S d. Create On-Line Mechanism to Track Document Updates (versions) x
= e. BeInformed of TTICC Activities (CEER Website) x ®
= . Review Specifications X X
E] g. Share TTICC Wision X
2 3.IC and In Situ Correlations
; a. Develop a Standard Calibration Procedure (Non-Nuclear Gauge) X
E b.  Problem Statement to Better Assess Influence of Maisture Content x
z ¢.  Problem Statement for Reller Measurement Value Relationships with Resilient
= Modulus for Pavement Layers and Shear Strength Measurements for x
= Embankments
8‘ Support Research Efforts X
S 4, Unﬂerstandng Impact of Non-Uniformity on Performance
= a,  Develop problem statement for ACC/PCC pavements — Accelerated Testing X
) b, Support Research — In-Kind Contributions E
o . Support Research Efforts X
éL 5. Standardize Roller Outputs and Format
- a, Define and Establish Criteria b
= b. Refine Soﬂware Based on TTICC Recommendations X
& %
E andardize Roller Sensor Calibration Protocols
g a. Researchto Develop a Standard Calibration Device x
B b. Discuss at TRE Rock/nstrumentation Committee b
Z c.  “Golden" Accelerometer for Sensor Calibration *
3 d.  Calibration Protecols (How Often?) X
o] e, Support Research Efforts X
g . Education and Certification Programs
@ 2.  Develop Videos (1IC101, 201, 202) X
z b.  Operator Training Programs X
= 8. Und fing M Influence Depth
= 4, Produce Technology Transfer Documents X
= b.  Use 2-Layer Elastic Theory to Describe Behavior (new research) X
;} 8, Demonstration Projects and Case Histories
= 2, Continue Developing |C Briefs ¥ * X
E b.  Share |C Briefs to Wider Audience through TRB E-News Letter X
g c.  Address Equipment Availability/Serviceability Issues X
£ d. _Demonstrate Repeatability of Measurement Values X
2 10. In Situ QC/QA Testing Advancements
B a. Link to #3 Correlaticns and #2 Specifications x
El 11, 1C Technology Advancements/Innovations
E a.  Describe Need b
E b.  Moisture Content Measurements en Raoller for Soils b4
c.  Enhancements of Temperature Measurements for HMA [Mat Temperature] x
12.IC Research Database
1. Continue Developing |C Briefs X X ¥
13. Sustainability
2. Develop a Green \Value Proposition X
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FIG. 1. Example of IC data visualization and management using GIS platform.

Figure 2 shows and example of showing the IC data in a multi-dimensional
simulation. The data represents the field measured values while the background is
based on the #-D geometry of the projects. Materials are represented by colors.
Additional data can be posted to these simulated environments and is an area of on-
going research.
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FIG. 2. Example of IC data visualization and multi- dimensional simulation
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CONCLUSIONS
Some of the key outcomes from this workshop were as follows:

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

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

3. Developed an outline of content for an IC 101 video

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

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

e Develop new data management, analysis, and visualization tools

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

e Explore alternative contract delivery modes for construction projects that
support innovation
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LIST OF IC SPECIFICATIONS FOR SoILS AND HMA IN UNITED STATES
UpPpATED_8/21/2014

Developed By HMA (Year) Soils (Year)
Alaska DOT Yes (2013) No
California DOT Yes (2014) Ne
Georgia DOT Yes (2012) Yes (2012)
Towa DOT Yes (2013) Yes (2010)
Indiana DOT Yes (2014) No
Massachusetts DOT Yes (2013) No
Minnesota DOT Yes (2014) Yes (2014)
Missouri DOT No Yes (2009)
North Carolina DOT Yes (2013) Yes (2012)
Nevada DOT Yes (2012) No
Oklahoma DOT Yes (2014) No
Pennsylvania DOT Yes (2014) No
Rhode Island DOT Yes (2013) No
Tennessee DOT Yes (2013) No
Texas DOT No Yes (2013)
Utah DOT Yes (2013) No
Vermont DOT Yes (?) Yes (7)
SHRP2 RO7 No Yes (2014)
FHWA (Generic Specs) Yes (2014) Yes (2014)
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Geostrata 2014 Article, Geotechnical IT Revolution:
Intelligent Compaction and Beyond, by David J. White

Geotechnical IT Revolution:
INTELLIGENT COMPACTION and Beyond

By David J. White, FhD., PE, M ASCE

he explosion of innovative developments in the IT industry is
making many of us geotechnical en gineers green with ey,
Wi want somenew technology, too! Duckily, advancesin
sensors and wireless cornrnunicati on capabiliti es areTnaking
possiblemanynnovati onsin geotedhnical engineering and
construction fust as finite el ernent an alyses transformed our
industry starting in the 19705, intelligent compaction (IC)

is slowly tuming traditional earthwork observations upside
dowm, 3ounds great, doesot it, bt what exactly iz IC?

Althoughits origin datesto thelate 1970z and early 1980s, IChasbecome
an inoeasingly popular foous of research, demonstration projects and
updated specifications in the 1.5, and elsewher e Most cornpactor manufac-
turer s nows offer an integrated version of IC capability with new machines, and
a fewtechnology provider sretrofit ex sting machin es. Importantly forus, a
firm grasp of ICtechn dlogywill bevaluable a swe transform our industry

O digital revolution doesnot stop with [Ctechn ology, Becent advances
in IC technology parallel adwances in measuring in situmodulus of com-
pacted materials as abetter link to mechanistic pavernent desdzn, #iznificant
imnprovernents to instrumentation with wireless communication, and
geospatial visualization and mapping of data, Accomnpanyin g this trend are
the conceptsof uzing IC in the public sectaor for performance specifications
and testing for earthwork construdion, Performance specifications arebeing
written that focus on controlling the field process and guiding the selection of
geomaterials to meet stiffness-based design requirernents.

Driving sorne of the motivation to rnowe toward performnan o agsessmentis
that rany agencies are trying to move away frorn what has been the badkbone
of compaction inspection—themidear density gauge, Taken together azainst
the backdrop of new IT capabilities, a lotishappeningin the areas of corpac-
tion equipment andin situ testing,
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Intelligent Compaction and Beyond, by David J. White

Figur=2. Gaaspatially raferancad 1 C color map.

What Is Intelllgent Compaction?

The wiords intellizent corpaction” mean different thin gsto
sormeindustries or agencies IC was ariginally called “contin -
uous cornpaction control” (CCC) ag defined in Burop e where
IC was reserved for CCC compactors with integrated control
alg arithros that autornatically adju st vibration amplitude
and/ or wibration frequency The automaticfeedback was the
“intelligent” aspect and was primarilyusedto prevent chaotic
rnotion while wibrating on hard ground, Howewer, CCC was
lirnited becau sethe “control” aspect did not exactly reflect
control of the actual compaction, Further, CCC and IC defind-
tions were limited onlyto compactors that vibrated, whereas
new technologies provide measuremnentsin thenon -wbratory
mode Congequently, the word "intellizent” became trendy as
shorthand used atmeetings and conferences, which contrib-
uted tothe confusion,

Nowr ICTepresents a catch-all category of cormpactors with
integrated sensorsthat measuremachine-ground interaction
prop erties and various machine operational (e.g, p ass count)
and positionmeasurements Hgure 1 provides the operator
perspective of thereal-time [Cmonitoring screen. Currently,
three approachesrelate machine-integrated measurements
to ground properties: 1) vibration frequency domain analysis;
2) vibration analysis coupled with dynamicmodeling and 3)
non-wibratory machine drive power measurermnent, Therewill
probably be new approaches developed in the future aswell,
With out going into the equations, the goal of the different
approachesisthe same: to output IC wahies that can be linked

44 GEOSTRATA SEPTEMBERIOCTOEER 2014

Calibration

to engineering measuremnents that contractors can use to
rnonitor compaction productivity andinsgpection personnel
can use to maintain an effective QC/ Q& process. That said, IC
values aremnachine-specific andr equire site calibration with
independent testing,

Figure 2 shows how IC measurement data can be
presented as a color-coded, GPS-referenced spatial map,
The color scale can be calibrated using stiffness-based in
situtesting, such asplateload tests, In general, density
isnot used to calibrate IC values for earthworks, but has
beenreportedly used with some succes: on azgphalt, Many
reports and papers desaibe the limnits of IC correl ations for
earthwork operations (e.g, MCHRP Report 676, Infellizent
Soil Compaction Systems),

The data generated from IC measurements includea
rneasurernent value, machine p ogition, speed, direction,
vibration settings and time of ea surernent, Figure 3 shows
an exarnple of IC data frorm a project inwaolvin @ compaction
of coal combustion waste, The color scalewas set sothat the
ereen and blue areas met the minirnim compaction critera
based on calibration with & dynamic cone penetrometer. In
general, areas colored yellow or red hawve low strength dueto
high moi sture content or inadequate compaction, Presenting
the results in this fashion allowrs op erators to spatiallyidentify
areas of non-cornpliance,

Flots of the cornpactor coverage and pass count can also
be produced, This approach can be usefulto contractors
that have a method specification (eg., one pass per inch of
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Figurs 2, |G datafrom study on compadction of
CICPs showing waak arsas.

loose lift thickness) and to document compaction effort and
lift thidmess Thisreal-timeinformnation bring svalueto the
contractor durin gthe construdi on process, but should also
have walue longer termwhen things zo bad and the attomeys
start calling, Using the IC records as part of a defense has yet
tobe tested, In general, however, the method process of pass
countin gislosing favor to end-result acceptance aiteria, What
has been dizcoveredisthat the number of roller passes does
not guarantee quality of compaction and can be inefficient and
expensve for the contractor dueto wasted rolling effort and
fuel consurnption,

Where |5 Intelligent Compaction Belng Used?
Fecent data compiled by the Center for Earthworks Engin-
eering Research at Jowa State University (CEER) shows

that IChasbeen used on more than 120 public-sector
projects in the U1 8, and that the anmial number of projects
igtrending upward, These projects include construction of
emnbankrments, pavernent subgrades and granular bases,
chemically stabilized soils, hot-miz asphalt, earth-retaining
stmictures, mechanically reinforced soils, and backfill corn-
paction around box culverts, IC compactors used for asphalt
compaction are additionally cutfitt ed with sensors to rep ort
surface ternperature, Additional details with case histories
for nany of these projects can be viewed at wwuew ceer iastate,
edw, Additional details about uses for IC can be found at
e geofeckto ol.org and v dndelligentoo mpaction.co
The Federal Highway Adrninistration is currently helping to
implement ICtechnology nationwid e, with a primary focus
on asphalt (wuee flave. dof.gower erpdayconnis),

The 115 Amny Corps of Engin esrs used ICin 2007 to build
amnwayin aremote location in Anstralia, Military projects
are partly motivated by rapid construction requir ernents
and lirniting “boots on the ground.” In shert, it appearsthat
IC-equipped compactors can be used anywhere that compac-
tors are used,

46 GEOQSTRATA :EPTEMBEROCTORER 2014

Figurz 4. Using | C as pragision constructiontool toidantify
andtraat localizad unstablz arzas.

Driving some of the motivation
to move toward performance

assessment is that many agencies
are trying to move away from
what has been the backbone

of compaction inspection—the
nuclear density gauge.

What Are Some of the Challenges In
Implementing 1C?

Mot unlike adoption of other innovativetechnologies, IChas
suffered from slow implementation over the past 10 years,
Barriers to impl emnentation were cornpiled fromworkshops
with more than 400 partidpants (primarily public agency
engineers) through 2013 The barders indude:

® Meed for improved data management and analytical software
tools

B Lackof proper specifications

B Mo un derstan ding of calibration andin situ correlation
testing

B Mo guidance on dealing with non-uniformity of commpacted
materials

® Litnited training andno certification

® Meed for additional project scale demonstrations and case
histories
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Today, intelligent compaction represents a catch-all
category of compactors with integrated sensors that measure
machine-ground interaction properties and various machine
operational (e.g., pass count) and position measurements.

m Need for better in sinn testing capabilities linked to
mechanistic design
m Diesire for additional IC featires and innovations

To address some of these implementation challenges, a
group of state departments of transportation developed the
Technology Transfer for Intelligent Compaction Consortium
(TTICC), a Transportation Pooled Fund, TPF-5(233) to study
implementation efforts, The Consortinm created a video,
“Intelligent Compaction 101," which can be viewed at
youtube combhvatehfr=621cBx21 Tos. The video describes
current challenges in earthwork operations and applications
of IC to overcome limitations in testing, A downtrend in field
inspection staff was identified in the video as a motivation for
implementing IC technology. The video highlights featires of
IC and uses animations to explain the technology.

Figure 4 llustmtes the concept of an 1C map with colors that
show an area with low stiffness. A geogrid is used to fix a “bad
spot” before the next layer is placed. This simple illustration
represents the powerful idea that local areas of non-compliance
can be identified and fixed before they become more costly
performance problems, When using traditional sampling
techniques, which do not provide continous coverage, these
kinds of localzed problem areas often go undetected.

In terms of data management and analytical software tools,
IC technology provides the opporiunity to collect and evaluate
information for 100 percent of a project area, but it also produces
very large data sets that create analysis, visualization, transfer,
and archival challenges. Also, contractors and field inspection
personnel generally are not interested in, nor do they have the
time to be mvolved with, intensive data management and plot-
ting. This major challenge to widely spread IC implementation
calls for new approaches for managing 1C data. As a resulr,
technology providers have ramped up the development and
production of new data analvsis wols and processes, such as
sending data to the cloud, using local mesh networking for data
sharing, and viewing data via hand-held technology. Thisis a
very exciting time to be involved with 1C compaction work!

As a reference for data management, IC data can be output
in several formats (e.g., * xls, *.xt, *.csv, and *.dbf). The mem-
ory required for data storage will vary with the file type and
information collected, For example, IC data for a section with
plan dimensions of approximately 1000 ft by 50 ft is normally
less than one megabyte,

48 GEOSTRATA SEFTEMBER/OCTOBER 2014

What Does IC Hold In the Future for Geotechs?
Given the significant investment an the part of equipment
manufacturers and 1.5, government agencies, the fume is
bright for continued adoption of IC technologies. There are a
few early adaptor agencies such as the Minnesota Department
of Transportation, and many other state agencies are in the
process of adoption. Given the rapid advancement of tech-
nology over the past 10 vears, it's exciting to think about what
the next decade will hold. It's worth noting that the technology
used in today’s matire precision agriculture industry and
supporting agribusinesses represents a parallel revolution for
the fumre of geo-construction, where instrumented constric-
tion machines providing geotechnical information can be
supported by new geo -businesses,

Is it possible that IC compactors will be providing real-time
analysis 1o your smart phone for projects anywhere in the
world? Yes, Is it possible that the compaction process will
become more automated/ robotic? Yes. Is it possible that IC
technology will contribute to longer lasting infrastructure? Yes,
Will new business oppormnities be created for contractors and
engineers? Yes, definitely!

But some important questions remain. What roles will
geotechnical engineers play in the process of IC adoption? What
might happen if a new technology with less safety oversight
requirements were to replace nuclear density gauge testingas
the standard? Like all new things in life, acceptance will diverge.
Some folks will hang on to long-established methods, while
others will assert a new role for geotechnical engineers. One
immediate opporumity will e the linkage between 10 measute-
ments and geotechnical engineering properties. This process
should involve geotechnical professionals and will likely lead to
new business opportinities for field calibration and inspection.

Overall, adoption of new technologies may seem slow now,
but technology advancements are arriving at an accelerated
rate. Forward-thinking geotechnical professionals should be
increasingly ready to take the lead in integrating new technolo-
gies. IC is one such technology that is ready now. Geotechnical
IT innovation Is upon us—what role will vou play? [

+ DAVID J. WHITE, PhD, PE, M.ASCE, = the R L. Handy Profassar
inthe Departrmant of Civil, Construction, and Ermvironmantal
Ergineanrg and direckor of the Carter for Earthworks Engingering
Rasearch ([ZEER) at lowa State Univarsity of Scienca and Tec hnology
inAmes, |A Contact him at diwhite @iastate edu
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Specifications

Generic - IC Specifications for Asphalt Materials 2014
DOT to modify as applicable to meet State Specifications

Intelligent Compaction Technology for Asphalt Applications

DESCRIPTION

This work shall consist of the compaction of the asphalt mixtures utilizing Intelligent
Compaction (IC) rollers within the limits of the work as described in the plans. IC is defined as a
process that uses vibratory rollers equipped with a measurement/documentation system that
automatically records various critical compaction parameters correlated to agency standard
testing protocols in real time during the compaction process. IC uses roller vibration
measurements to assess the mechanistic properties of the underlying compacted materials to
ensure optimum compaction is achieved through continuous monitoring of the operations.

The Contractor shall supply sufficient numbers of rollers and other associated equipment
necessary to complete the compaction requirements for the specific materials. The Contractor
will determine the number of IC rollers to use depending on the scope of the project. The
primary position for the IC roller is in the initial phase (breakdown) in the paving sequence. IC
rollers can also be used in the intermediate phase as long as the mat temperatures are sufficient
for compaction. The use of IC rollers in the finish phase is not recommended.

EQUIPMENT
IC Roller - The IC roller(s) shall meet the following specific requirements:

1. IC rollers shall be self-propelled double-drum vibratory rollers equipped with
accelerometers mounted in or about the drum to measure the interactions between the
rollers and compacted materials in order to evaluate the applied compaction effort. IC
rollers shall also be equipped with non-contact temperature sensors for measuring
pavement surface temperatures.

2. The output from the roller is designated as the Intelligent Compaction Measurement
Value (IC-MV) which represents the stiffness of the materials based on the vibration of
the roller drums and the resulting response from the underlying materials.

3. GPS radio and receiver units shall be mounted on each IC roller to monitor the drum
locations and track the number of passes of the rollers.

4. The IC rollers shall include an integrated on-board documentation system that is capable
of displaying real-time color-coded maps of IC measurement values including the
stiffness response values, location of the roller, number of roller passes, pavement surface
temperatures, roller speeds, vibration frequencies and amplitudes of roller drums.

5. The display unit shall be capable of transferring the data by means of a USB port.

6. An on-board printer capable of printing the identity of the roller, the date of
measurements, construction area being mapped, percentage of the construction area
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Specifications

Generic - IC Specifications for Asphalt Materials
DOT to modify as applicable to meet State Specifications

2014

mapped, target IC-MV, and areas not meeting the IC-MV target values. (Printer option
to be selected by the xxDOT)

200 Kentville Road
Kewanee, Il. 61443

Vendor Bomag Caterpillar

Model Agphalt Manager AccuGrade

Model No. BWI190AD-4AM CD34B, CB54 XW
IC-MV Evib CMV

IC-MYV Units MN/m* Unitless

Documentation BCM 05 Office VisionLink

Company Address Bomag Americas, Inc. Caterpillar Corporate HQ

100 North East Adams Street
Peoria, lllinois USA 61629

Contact Information

Dave Dennison
(309) 853-7862

dave.dennison(@bomag.com

Bryan Downing
(763) 493-7533
Downing_Bryan J@cat.com

(800)-323-0535

E-conlin{@sakaiamerica.com

Vendor Sakai Wirtgen/Hamm

Model CIS HCQ

Model No. SWE80/SW890 HD+ 90 / HD+ 110

HD+ 120 / HD+ 140

IC-MV CCV HMV

IC-MV Units Unitless Unitless

Documentation AithonMT-A HMV

Company Address Sakai America, Inc. Wirtgen America, Inc.
90 International Parkway 6030 Dana Way
Adairsville, Ga. 30103 Antioch, TN 37013

Contact Information Ed Conlin Tim Kowalski

(615) 501-0600

tkowalski(@W irtgenamerica.com

Notes:

CCV: Compaction Control Value

CIS: Sakai Compaction Information System
CMV: Compaction Meter Value

Evib: Vibration modulus

HCQ: HAMM Compaction Quality

HMYV: HAMM Measurement Value

Global Positioning System (GPS). The Contractor shall provide a GPS system that
meets the following requirements. The goal of GPS requirements is to achieve accurate and
consistent GPS measurements among all GPS devices on the same project. Conversions of GPS
data need to be minimized to avoid errors introduced during the process.

GPS-Related Definitions -
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Specifications

Generic - IC Specifications for Asphalt Materials 2014
DOT to modify as applicable to meet State Specifications

e GPS: A space-based satellite navigation system that provides location and time
information in all weather, anywhere on or near the Earth to determine the location in
geodetic coordinates. In this specification, GPS is referred to all GPS-related signals
including US GPS, and other Global Navigation Satellite Systems (GNSS).

e Hand-Held GPS rover: A portable GPS radio/receiver for in-situ point measurements.

e GPS Base Station: A single ground-based system that consists of a GPS receiver, GPS
antenna, radio and radio antenna to provide L1/L2 differential GPS correction signals to
other GPS receivers within a range limited by radio, typically 3 miles (4.8 Km) in radius
without repeaters.

e Network RTK: Network RTK is a system that use multiple bases in real-time to provide
high-accuracy GPS positioning within the coverage area that is generally larger than that
covered by a ground-based GPS base station; e.g., VRS.

e GPS Correction Service Subscription: A service that can be subscribed to receive VRS
signals in order to achieve higher accuracy GPS positioning normally via cellular
wireless data services; i.e., without the need for a ground-based base station. Examples of
GPS Correction Service subscriptions are: Trimble VRS™, Trimble VRS NOW™,
OmniSTAR, etc.

¢ RTK-GPS: Real Time Kinematic Global Positioning Systems based on the use of carrier
phase measurements of the available GPS signals where a single reference station or a
reference station network provides the real-time corrections in order to achieve
centimeter-level accuracy.

¢ UTM Coordinates: Universal Transverse Mercator (UTM) is a 2-dimentional Cartesian
coordinates system that divides the surface of Earth between 80°S and 84°N latitude into
60 zones, each 6° of longitude in width and centered over a meridian of longitude. Zone 1
is bounded by longitude 180° to 174° W and is centered on the 177th West meridian. The
UTM system uses projection techniques to transform an ellipsoidal surface to a flat map

the can be printed on paper or displayed on a computer screen. Note that UTM is metric-
based.

e Geodetic Coordinates: A non-earth-centric coordinate system to describe a position in
longitude, latitude, and altitude above the imaginary ellipsoid surface based on a specific
geodetic datum. WGS-84 and NADS3 datum are required for use with UTM and State
Plans, respectively.

e ECEF XYZ: Earth-Centered, Earth-Fixed Cartesian X, Y, Z coordinates.

e Grid: Referred to ECEF XYZ in this specification.

e GUI Display: Graphical User Interface Display
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Specifications

Generic - IC Specifications for Asphalt Materials 2014
DOT to modify as applicable to meet State Specifications

» State Plane Coordinate: A set of 124 geographic zones or coordinate systems designed
for specific regions of the United States. Each state contains one or more state plane
zones, the boundaries of which usually follow county lines. The current State Plane
coordinate is based on NADR3. Issues may arise when a project crosses state plane
boundaries.

o UTC: Coordinated Universal Time (UTC) is commonly referred to as Greenwich Mean
Time (GMT) and is based on a 24 hours” time scale from the mean solar time at the
Earth's prime meridian (zero degrees longitude) located near Greenwich, England.

All GPS devices for this project shall be set to the same consistent coordinate datum/system no
matter whether GPS or Grid data are originally recorded. UTM is the preference and shall be set
to zone no. (xx) N for this project. (xDOT 1o fill in the appropriate zone number) Zones outside
of the continental United States can be acquired on the web at www.dmap.co.uk/utmworld.htm.
The records shall be in meters. Use of UTM will facilitate GPS data checks onsite.

126 120 114 108 102 96 90 B4 78 72 &6

It UTM coordinates are not available, the State Plane Coordinate system can be used and set as
(xx) for this project. (xxDOT to fill in the appropriate State Plane designation) Ad-hoc local
coordinate systems should not be allowed.

Construction Requirements. Contractor shall provide the GPS system (including GPS
receivers on IC rollers and hand-held GPS receivers (Rovers)) that makes use of the same
reference system that can be a ground-based base station or network-RTK, to achieve RTK-GPS
accuracy. Examples of combinations are:

1. GPS receivers on IC rollers and hand-held GPS rovers referenced to the same on-ground
base station.

2. GPS receiver on [C rollers and hand-held GPS receivers referenced to the same network
RTK.
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GPS Data Records and Formats. The recorded GPS data, whether from the IC rollers
or hand-held GPS rovers, shall be in the following formats:

1. Time: The time stamp shall be in military format, hhmmss.ss in either UTC or local time
zone. (.01 second is required to differentiate sequence of [C data points during post
process.

2. GPS: Latitudes and longitude shall in ddmm.mmmmmmmm or decimal degrees,
dd.dddddddd. . Longitudes are negative values when measuring westward from the Prime
Meridian.

3. Grid: Coordinates shall be in meters with at least 3 digits of significance (0.001 m or 1
mm).

When importing IC-MV data into the data analysis management program, the GPS data and
associated IC measurements shall be stored with minimum data conversions and minimum loss
of precisions. Users can then select unit of preference to allow real time unit conversion for the
GUIT display.

Post-Process GPS Check. Follow the vendor-specific instructions to export IC-MV data
to Veda-compatible formats. The Contractor shall import the IC roller data in to Veda and enter
GPS point measurements from the rover and visually inspect the IC map and point measurements
on the Veda display screen for consistency.

Data Analysis Software. Standardized data analysis software (Veda) is available on the
website www.intelligentcompaction. com or will be provided by xxDOT. The software program
will utilize the IC-MV data from the IC roller for analysis of coverage. uniformity, and stiffness
values during construction operations. As a minimum, the following Essential IC Data
Information and IC Data Elements shall be available for post processing.

e FEssential IC Data Header Information for FEach Data File or Section:

Item Description
No.

Section Title

Machine Manufacture

Machine Type

Machine Model

Drum Width (m)

Drum Diameter (m)

Machine Weight (metric ton)

Name index of intelligent compaction measurement values (IC-
MV)

Unit index for IC-MV

fad | bed [ =

= B ] F=) KW BN
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10 Reporting resolution for independent IC-MVs — 90 degrees to
the roller moving direction (mm)

11 Reporting resolution for independent IC-MVs — in the roller
moving direction (mm)

12 UTM Zone

13 Offset to UTC (hrs)

14 Number of IC data points

e Essential IC Data Elements for Each Data Point:
Item Date Field Name Example of Data
No.

1 Date Stamp (YYY YMMDD) e.g. 20080701

2 Time Stamp (HHMMSS.SS -military | e.g. 090504.00 (9 hr 5
format) min. 4.00 s.)

3 Longitude (decimal degrees) e.g. 94.85920403

4 Latitude (decimal degrees) e.g. 45.22777333

5 Easting (m) e.g. 354048.300

6 Northing (m) e.g. 5009934.900

7 Height (m) ¢.g. 339.9450

8 Roller pass number e.g. 2

9 Direction index e.g., 1 forward, 2 reverse

10 Roller speed (kph) e.g. 40

11 Vibration on e.g., 1 for yes, 2 for no

12 Frequency (vpm) e.g. 3500.0

13 Amplitude (mm) e.g 0.6

14 Surface temperature (°C) - e.g. 120

15 Intelligent compaction measurement | e.g. 20.0
values

Items 3 and 4 can be exclusive with items 5 and 6, and vice versa. Item 14 is only
required for asphalt application. The size of data mesh after post-processing shall be less than 18
inches (450 mm) by 18 inches (450 mm) in the X and Y directions.

QUALITY CONTROL PLAN

The Contractor shall prepare and submit a written Quality Control Plan (QCP) for the
project. As a minimum, the QCP shall contain the following information:

General Requirements.

1. QCP shall be contract-specific, stating how the contractor proposes to control the
materials, equipment, and construction operations including subcontractors and suppliers
as well as production facilities and transportation modes to the project for the asphalt
mixture operations.
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2. The QCP shall include an organizational chart showing all quality control personnel and
how these personnel integrate with other management/production and construction
functions and personnel.

3. The QCP shall be signed and dated by the Contractor’s representative at the time the
QCP is submitted to the Engineer. The QCP shall be submitted no later than 15 days
prior to commencing the paving operations.

4. The xxDOT will review, sign, and date the QCP if the contents of the QCP are in
compliance with the requirements as stated herein.

5. The QCP shall be maintained to reflect the current status of the operations, and revisions
shall be provided in writing prior to initiating the change. The QCP revision shall not be
implemented until the revision has been accepted.

6. The QCP shall contain the name, telephone number, duties, and employer of all quality
control personnel necessary to implement the QCP. The minimum qualifications of
quality control personnel shall be as follows:

a. QCP Field Manager or Plan Administrator. The person responsible for the execution
of the QCP and liaison with the Engineer. Additionally the QCP Field Manager
requirements include:

1. Full-time employee of the Contractor or an independent consultant not involved
with the Quality Assurance (acceptance) activities on the project.

2. Minimum (x) years experience (as determined by the xxDOT) in quality control
activities in construction operations

3. Full authority to institute actions necessary for successful implementation of the
QCP.

b. Quality Control Technician (QCT). The person(s) responsible for conducting quality
control and inspection activities to implement the QCP. There may be more than one
QCT on a project.

1. Full-time employee of the Contractor or an independent consultant with a
minimum (x) years experience (as determined by the xxDOT) in quality control
activities in construction operations.

2. Completed the xxDOT requirements for the applicable testing.

3. Full authority to institute actions necessary for successful implementation of the
QCP.
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c. IC Roller Operator(s). The person responsible for operating the IC roller(s) and
attached IC equipment. Sufficient training for the roller operator(s) shall be supplied

by a representative of the manufacturer of the equipment.

7. IC Equipment. The roller supplier, make, roller model, number of IC rollers to be
provided, and the GPS system supplier to be utilized.

8. Temperature Controls: The Contractor shall provide details on their plans to achieve
minimum mat temperatures during compaction. IC roller compaction process needs to
be completed (final IC roller pass) before the mat temperature fall below a minimum of
240° F (115° C) for the initial phase (breakdown) and 200° F (93° C) for the
intermediate phase.

9. Asphalt pavement operations shall not begin before the QCP has been accepted.

10. The Engineer may require the replacement of ineffective or unqualified equipment or
Quality Control personnel. Construction operations may be required to stop until Quality
Control corrective actions are taken.

References. (xxDOT to modified/expanded as applicable)
1. AASHTO Standards.

AASHTO R 42 Standard Practice for Developing a Quality
Assurance Plan for Hot Mix Asphalt (HMA)

2. ASTM Standards.

XXX XXX
3. xxDOT Standards.

XXX XXX

Quality Control Technician. The QCT shall be responsible for the following minimum
functions:

1. Daily GPS check testing for the IC roller(s) and rover(s).
2. Test section construction to establish target compaction pass counts and target values for
the strength of the materials using the standard testing devices; i.e., Nondestructive

density gauges, pavement cores, and IC roller(s).

3. Monitoring of the construction operations and the IC roller(s) during production and final
evaluation operations.
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<. Quality control testing to monitor the pavement temperature and the required level of
compactiol.

5. Daily download and analysis of the IC data from the roller(s).
6. Daily set-up, take down and secure storage of GPS and IC roller components

Testing Facility. The location of the testing facility and a list of test equipment shall be
included. The testing facility shall be located so the Quality Control tests results are provided to
the Engineer in a timely manner, and be sufficient size to conduct the Quality Control tests. A
statement of accessibility of the testing facility shall be included that allows xxDOT personnel to
witness Quality Control activities and to review Quality Control tests.

A list of the testing equipment proposed for Quality Control testing and the test methods
and frequency of calibration or verification of the equipment shall be included. The Contractor
shall maintain a record of all equipment calibration or verification results at the testing facility.
The minimum frequency and procedures shall be as follows:

*10 be filled in by the xxDOT

Materials Sampling and Testing. The procedures for sampling and testing of the
pavement shall be identified and include as a minimum the following: (xxDOT to
modify/expanded as applicable)

1. Temperature. The procedure for monitoring the temperature of the materials during
production, transportation, laydown and compaction operations. A minimum frequency
shall be one test for two hours of placement and shall include all steps in the process.

2. Density/Compaction. Identification of the standard testing device(s) and frequency for
measuring the in-place density of the asphalt mixture. The minimum frequency of tests
shall be one test for each 2530 tons of asphalt mixture placed.

3. IC Roller Data. The procedure for obtaining the IC roller data. The minimum frequency
of obtaining the data from the roller shall be two (2) times per day of asphalt compaction
operations. The data is date/time stamped which permits for external evaluation at a later
time. Data from the on-board printer if required shall be given to the Engineer when
requested.

The IC roller raw data and results from the analysis software shall be made available to
the Engineer within 24 hours of obtaining the roller data and test results.
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GPS Check Testing. Prior to the start of production, the Contractor and representatives
of the GPS and IC roller manufacturer shall conduct the following to check the proper setup of
the GPS, IC roller(s) and the rover(s) using the same datum:

1. On alocation nearby or within the project limits, the GPS base station (if required by the
GPS) shall be established and the IC roller and the GPS rover tied into the same base
station.

2. Verification that the roller and rover are working properly and that there is a connection
with the base station.

3. Production shall not begin until proper GPS verification has been obtained. IC vendors’
recommended verification process can be used to augment the following procedure.

Move the IC roller around until the GPS header computation is initialized. Move the IC
roller and park at a selected location. Record the GPS measurements from the IC roller
ensuring the distance offsets are applied so that the GPS coordinate is at the center or at
left/right edges of the front drum. Mark two locations on the ground adjacent to the right
and left edges of the front drum contact patch. Move the IC roller from the marked
locations. Use a hand-held rover to measure at the marked locations. Average the rover
GPS measurements if the roller GPS measurement is at the center of the front drum. The
differences between the roller GPS and rover measurements shall be within 12 inches
(300 mm) for northing and easting,

4. The project plan file provided by xxDOT shall be uploaded into the IC Data analysis
software and depending on the roller manufacture, the on-board IC computer.

5. GPS check testing shall be conducted daily during production operations to ensure
consistency and accuracy of GPS measurements for all GPS devices prior to the paving
and compaction operations.

Test Sections. Test section evaluations are intended to verify the mixture volumetric of
mixtures and determine a compaction curve of the asphalt mixtures in relationship to number of
roller passes and to the stiffness of mixture while meeting the xxDOT in-place compaction
requirements. (7est section details to be modified/expanded as applicable by the xxDOT)

The evaluations shall be conducted every lift and be approximately 300 tons of mainline
mixtures. The IC roller in the initial phase shall use low vibration amplitude and the same
settings (speed, frequency) throughout the section. After each roller pass, a nondestructive
density device shall be used to estimate the density of the asphalt mixture at five (5) locations
uniformly spaced throughout the test section. The density readings and the number of roller
passes that takes to achieve the desired compaction will be recorded.

The estimated target density will be the peak of the nondestructive readings within the

desired compaction temperature range for the mixture. The IC roller data using the IC data
analysis software will create an IC compaction curve for the mixture. The target [C-MV is the

10
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point when the increase in the IC-MV of the material between passes is less than 5 percent on the
compaction curve. The IC compaction curve is defined as the relationship between the IC-MV
and the roller passes. A compaction curve example is as follows:

21 % Target Density
18
15 - ADensity<5%
8
= 12 4
5
a 23
6 -
37 Optimal|pass
0 T T T 1
0 1 2 3 4 =
Pass

Linear regression relationships between the point test results and the IC-MV results will
be used to establish the production target IC-MV as the target density (% Gum) meets the xxDOT
in-place compaction requirements. A linear regression curve example is as follows.
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Pre-Mapping. Pre-paving mapping (pre-mapping) with an IC roller of the existing
support materials 1s recommended prior to tacking operations, if applicable, in order to identify
weak areas. The pre-mapping may be part of the test section evaluation of the project. Pre-
mapping is recommended on underl ying materials such as soils subgrade, aggregate bases, or
similar. Mapping is not recommended on stabilized base, milled/non-milled existing asphalt
pavements, concrete pavements, or similar underlying hard surfaces.

Response to Test Results. The response to quality control tests for the test sections and
during production compaction shall include as a minimum the following:

11
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1. Temperature. The procedure for corrective action when the QC or IC temperature
readings are not within the recommended laydown values for the mixtures.

2. Density/Compaction. The procedure for corrective action when the maximum specific
density (Gmm) results fall below the xxDOT specification limits or 92.0% whichever is
greater.

3. IC Coverage Area and Uniformity Criteria. The procedures to be taken when the IC
criteria for coverage or the minimum IC-MV targets criteria are not being met.

Documentation. A statement that the test results for quality control and documentation
of equipment and IC roller data shall be given to the Department at the completion of the
contract. The documentation shall include the following.

1. Quality Control Tests. The results from the temperature and density testing. All quality
control test results shall be signed by the QCT and submitted to the Engineer within 24
hours of testing.

2. Equipment. Documentation of the manufacture, model, type of paver, and rollers used
each day of asphalt materials operations. The positioning of the IC roller(s) in the paving
operations shall be noted.

3. IC Roller Data. At a minimum, the electronic data from IC roller(s) and the data analysis
software shall be provided to the Engineer upon the completion of the Test Section,
Mapping and individual IC Construction Area operations.

4. IC Roller Analysis. The Contractor will analyze the IC roller data for conformance to the
requirements for coverage area and uniformity and will submit the results to the Engineer
at the completion of the individual IC Construction Area operations.

IC data shall be exported from the vendor’s software in both all passes data and proofing
data files. All passes data includes the data from all of the passes and proofing data is the
data from just the last pass within a given area.

5. Construction Area. The limits of and total tons of the asphalt mixtures within each
construction area.

IC CONSTRUCTION

Technical Assistance. The Contractor shall coordinate for on-site technical assistance
from the IC roller representatives during the initial seven (7) days of production and then as
needed during the remaining operations. As a minimum, the roller representative shall be
present during the initial setup and verification testing of the IC roller(s). The roller
representative shall also assist the Contractor with data management using the data analysis
software including IC data input and processing.

12
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On-Site Training. The Contractor shall coordinate and provide for on-site training for
Contractors and Agency project personnel related to operation of the IC technology.
Contractor’s personnel shall include the paving superintendent, QC technician(s), and roller
operator(s). Agency’s personnel shall include the project engineer and field inspector(s).
(Appropriate personnel to attend the training to be modified/expanded as applicable by the
xxDOT) Arrangements shall be provided that includes an enclosed facility with electrical
availability and a projector for presentations and should be 4-8 hours in duration.

Minimum training topics shall include:
1. Background information for the specific IC system(s) to be used
2. Setup and checks for IC system(s), GPS receiver, base-station and hand held rovers

3. Operation of the IC system(s) on the roller; i.e., setup data collection, start/stop of data
recording, and on-board display options

4. Transferring raw IC data from the rollers(s); 1.e., via USB connections

5. Operation of vendor’s software to open and view raw IC data files and exporting all-
passes and proofing data files in Veda-compatible format

6. Operation of Veda software to import the above exported all-passes and proofing data
files, inspection of IC maps, input point test data, perform statistics analysis, and produce
reports for project requirements

7. Coverage and uniformity requirements

IC Construction Area. IC Construction areas are defined as subsections of the project
being worked continuously by the Contractor. The procedure for determining and documenting
the limits of the construction area shall be provided to the Engineer. The magnitude of the
evaluation areas may vary with production but they need to be at least 1000 tons per mixture for
evaluation. Partial construction areas of 500 tons or less will be included in the previous area
evaluation. Partial construction areas of greater than 500 tons will constitute a full area to close
out the construction area. Construction areas may extend over multiple days depending on the
operations.

IC Construction Operations Criteria. A minimum coverage of 90% of the individual
construction area shall meet or exceed the optimal number of roller passes and 70% of the
individual construction area shall meet or exceed target IC-MV values determined from the test
section. Construction areas not meeting the IC criteria (coverage and/or uniformity) shall be
investigated by the xxDOT prior to continuing with the paving operations. The IC Construction
Operations Criteria does not affect the standard xxDOT acceptance processes for the materials or
construction operations.

13
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METHOD OF MEASUREMENT

This item will not be measured as it will be paid as a lump sum for providing for the
Intelligent Compaction for Asphalt Mixtures on the project.

BASIS OF PAYMENT

The incorporating of the Intelligent Compaction process will be paid at the contract lump
sum price for Intelligent Compaction for Asphalt Mixtures.

Payment will be made under:

Pay Item Unit

Intelligent Compaction for Asphalt Mixtures............ccoccovveeiiieneinccnnn. LS

This item includes all costs related to providing the IC roller(s) including the fuel, roller
operator, GPS system, or any other equipment required for the IC process. All quality control

procedures including IC rollers and GPS systems representatives support, on-site training and
testing facility shall be included in the contract lump sum price.
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Intelligent Compaction Technology for Soils Applications

DESCRIPTION

This work shall consist of the construction of the roadway fill embankment utilizing
Intelligent Compaction (IC) rollers within the limits of the work as described in the plans. IC is
defined as a process that uses vibratory rollers equipped with a measurement/documentation
system that automatically records various critical compaction parameters correlated to agency
standard testing protocols in real time during the compaction process. IC uses roller vibration
measurements to assess the mechanistic soils properties and to ensure optimum compaction is
achieved through continuous monitoring of the operations. .

The Contractor shall supply sufficient numbers of rollers and other associated equipment
necessary to complete the compaction requirements for the specific materials. The Contractor
will determine the number of IC rollers to use depending on the scope of the project. The IC
roller(s) may be utilized during production with other standard compaction equipment and shall
be used for the evaluation of the compaction operations.

EQUIPMENT
The IC rollers shall meet the following specific requirements:

1. IC rollers shall be self-propelled single-drum vibratory rollers equipped with
accelerometers mounted in or about the drum to measure the interactions between the
rollers and compacted materials in order to evaluate the applied compaction effort. IC
rollers may be smooth or pad footed drums.

2. The output from the roller is designated as the Intelligent Compaction Measurement
Value (IC-MV) which represents the stiffness of the materials based on the vibration of
the roller drums and the resulting response from the underlying materials.

3. GPS radio and receiver units shall be mounted on each IC roller to monitor the drum
locations and track the number of passes of the rollers.

4. The IC rollers shall include an integrated on-board documentation system that is capable
of displaying real-time color-coded maps of IC measurement values including the
stiffness response values, location of the roller, number of roller passes, roller speeds,
together with the vibration frequency and amplitude of roller drums.

5. The display unit shall be capable of transferring the data by means of a USB port.

6. An on-board printer capable of printing the identity of the roller, the date of
measurements, construction area being mapped, percentage of the construction area
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2014

mapped, target IC-MV, and areas not meeting the IC-MV target values. (Printer option
to be selected by the xxDOT)

Vendor Bomag Caterpillar

Model VarioControl AccuGrade

Model No. BW213-4BVC CS-44-CS78, Cp54-CP74
IC-MV Evib CMV

IC-MYV Units MN/m® Unitless

Documentation BCM 05 Office VisionLink

Company Address Bomag Americas, Inc. Caterpillar Corporate HQ

200 Kentville Road
Kewanee, Il. 61443

100 North East Adams Street
Peoria, Illinois USA 61629

Contact Information

Dave Dennison
(309) 853-7862

dave.dennison(@bomag.com

Todd Mansell
763-315-5518
Mansell Todd W@cat.com

Vendor Sakai Wirtgen/Hamm

Model CIS HCQ

Model No. SV610 All 3000 series rollers

All new H series rollers

IC-MV cev HMV

IC-MV Units Unitless Unitless

Documentation AithonMT-A HMV

Company Address Sakai America, Inc. Wirtgen America, Inc.
90 International Parkway 6030 Dana Way

Adairsville, Ga. 30103

Antioch, TN 37013

Contact Information

Ed Conlin
(800)-323-0535
E-conlini@sakaiamerica.com

Tim Kowalski
(615) 501-0600
tkowalski@Wirtgenamerica.com

Notes:

*  CCV: Compaction Control Value
* CIS: Sakai Compaction Information SystemCMYV: Compaction Meter Value

*  Evib: Vibration modulus

+  HCQ: HAMM Compaction Quality
«  HMV: HAMM Measurement Value

Global Positioning System (GPS). The Contractor shall provide a GPS system that
meets the following requirements. The goal of GPS requirements is to achieve accurate and
consistent GPS measurements among all GPS devices on the same project. Conversions of GPS
data need to be minimized to avoid errors introduced during the process.

GPS-Related Definitions -

s  GPS: A space-based satellite navigation system that provides location and time
information in all weather, anywhere on or near the Earth to determine the location in
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geodetic coordinates. In this specification, GPS is referred to all GPS-related signals
including US GPS, and other Global Navigation Satellite Systems (GNSS).

e Hand-Held GPS rover: A portable GPS radio/receiver for in-situ point measurements.

e GPS Base Station: A single ground-based system that consists of a GPS receiver, GPS
antenna, radio and radio antenna to provide L1/L2 differential GPS correction signals to
other GPS receivers within a range limited by radio, typically 3 miles (4.8 Km) in radius
without repeaters.

e Network RTK: Network RTK is a system that use multiple bases in real-time to provide
high-accuracy GPS positioning within the coverage area that is generally larger than that
covered by a ground-based GPS base station; e.g., VRS.

e GPS Correction Service Subscription: A service that can be subscribed to receive VRS
signals in order to achieve higher accuracy GPS positioning normally via cellular
wireless data services; i.e., without the need for a ground-based base station. Examples of
GPS Correction Service subscriptions are: Trimble VRS™. Trimble VRS NOW™,
OmniSTAR, etc.

¢ RTK-GPS: Real Time Kinematic Global Positioning Systems based on the use of carrier
phase measurements of the available GPS signals where a single reference station or a
reference station network provides the real-time corrections in order to achieve
centimeter-level accuracy.

¢ UTM Coordinates: Universal Transverse Mercator (UTM) is a 2-dimentional Cartesian
coordinates system that divides the surface of Earth between 80°S and 84°N latitude into
60 zones, each 6° of longitude in width and centered over a meridian of longitude. Zone 1
is bounded by longitude 180° to 174° W and is centered on the 177th West meridian. The
UTM system uses projection techniques to transform an ellipsoidal surface to a flat map

the can be printed on paper or displayed on a computer screen. Note that UTM is metric-
based.

e Geodetic Coordinates: A non-carth-centric coordinate system to describe a position in
longitude, latitude, and altitude above the imaginary ellipsoid surface based on a specific
geodetic datum. WGS-84 and NADS3 datum are required for use with UTM and State
Plans, respectively.

e ECEF XYZ: Earth-Centered, Earth-Fixed Cartesian X, Y, Z coordinates.

e Grid: Referred to ECEF XYZ in this specification.

e GUI Display: Graphical User Interface Display
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e State Plane Coordinate: A set of 124 geographic zones or coordinate systems designed
for specific regions of the United States. Each state contains one of more state plane
zones, the boundanies of which usually follow county lines. The current State Flane
cootdinate 15 based on MADEZ Issues may arise when a project crosses state plane
boundaries.

o TITC: Coordinated Universal Time (UTC) is commenly referred to as Greenwich Iean
Time (GWT) and 15 based on a 24 hours’ time scale from the mean solar ime at the
Earth's prime mendian (zero degrees longitude) located near Greenwich, England.

All GPE devices for this project shall be setto the same consistent coordinate datum/system no
matter whether GPS or Grid data are onginally recorded. UTI 15 the preference and shall be set
to zone no. (xx) N for thiz project. (xxD OT to fill in the appropriate zone number) Zones outside
of the continental United States can be acquired on the web at www_dmap. couk/utmworl d. htm .
The records shall be in meters. Use of TTTI will facilitate GPZ data checks onsite.

126 120 114 108 102 96 0 B4 TH T2 66

If T'TM coordinates are not available, the State Plane Coordinate system can be used and set as
(zs) for this project. (xxDOTta fll in the apprapriate State Plane designation) Ad-hoc local
coordinate systems should not be allowed.

Construction Requirements. Contractor shall provide the GPS system (including GPS
receivers on IC rollers and hand-held GPS receivers (Fovers)) that makes use of the same
reference system that can be a ground-based base station or network-ETE, to achieve RTE-GP3
accuracy. Examples of combinations are:

1. GPEreceivers on IC rollers and hand-held GPS rovers referenced to the same on-ground
base station.

2. 3PS receiver on IC rollers and hand-held 3PS receivers referencedto the same network
RTE.
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GPS Data Records and Formats. The recorded GPS data, whether from the IC rollers
or hand-held GPS rovers, shall be in the following formats:

1. Time: The time stamp shall be in military format, hhmmss.ss in either UTC or local time
zone. (.01 second is required to differentiate sequence of [C data points during post
process.

2. GPS: Latitudes and longitude shall in ddmm mmmmmmmm or decimal degrees,
dd.dddddddd. . Longitudes are negative values when measuring westward from the Prime
Meridian.

3. Grid: Coordinates shall be in meters with at least 3 digits of significance (0.001 m or 1
mm).

When importing IC-MV data into the data analysis management program, the GPS data and
associated [C measurements shall be stored with minimum data conversions and minimum loss
of precisions. Users can then select unit of preference to allow real time unit conversion for the
GUI display.

Post-Process GPS Check. Follow the vendor-specific instructions to export IC-MV data
to Veda-compatible formats. The Contractor shall import the IC roller data in to Veda and enter
GPS point measurements from the rover and visually inspect the IC map and point measurements
on the Veda display screen for consistency.

Data Analysis Software. Standardized data analysis software (Veda) is available on the
website www.intelligentcompaction. com or will be provided by xxDOT. The software program
will utilize the IC-MV data from the IC roller for analysis of coverage, uniformity, and stiffness
values during construction operations. As a minimum, the following Essential IC Data
Information and IC Data Elements shall be available for post processing,

e [Essential IC Data Header Information for Each Data File or Section:

Item Description
No.

Section Title

Machine Manufacture

Machine Type

Machine Model

Drum Width (m)

Drum Diameter {(m)

Machine Weight (metric ton)

Name index of intelligent compaction measurement values (IC-
MV)

9 Unit index for IC-MV

10 Reporting resolution for independent IC-MVs — 90 degrees to

o0 | =1 || e b | =
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the roller moving direction (mm)

11 Reporting resolution for independent IC-MVs — in the roller
moving direction (mm)

12 UTM Zone

13 Offset to UTC (hrs)

14 Number of IC data points

e Essential IC Data Elements for Each Data Point:
Item Date Field Name Example of Data
No.

1 Date Stamp (YYYYMMDD) ¢.g. 20080701

2 Time Stamp (HHMMSS.S -military | e.g. 090504.0 (9 hr 5
format) min. 4.0s.)

3 Longitude (decimal degrees) e.g. 94.85920403

4 Latitude (decimal degrees) e.g. 45.22777335

5 Easting (m) e.g. 3540483

6 Northing (m) e.g. 5009934.9

7 Height (m) e.g. 339.9450

8 Roller pass number e.g. 2

9 Direction index e.g., 1 forward, 2 reverse

10 Roller speed (kph) e.g. 4.0

11 Vibration on e.g., 1 for yes, 2 for no

12 Frequency (vpm) e.g. 3500.0

13 Amplitude (mm) e.g 0.6

14 Surface temperature (°C) - HMA e.g. 120

15 Intelligent compaction measurement | e.g. 20.0
values

Items 3 and 4 can be exclusive with items 5 and 6, and vice versa. Item 14 is only
required for asphalt application. The size of data mesh after post-processing shall be less than 18
inches (450 mm) by 18 inches (450 mm) in the X and Y directions.

QUALITY CONTROL PLAN

The Contractor shall prepare and submit a written Quality Control Plan (QCP) for the
project. As a minimum, the QCP shall contain the following information:

General Requirements.

1. QCP shall be contract specific, stating how the contractor proposes to control the
materials, equipment, and construction operations including subcontractors and
suppliers as well as production facilities and transportation modes to the project
for the embankment operations.
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2. The QCP shall include an organizational chart showing all quality control
personnel and how these personnel integrate with other management/production
and construction functions and personnel.

3. The QCP shall be signed and dated by the Contractor’s representative at the time
the QCP is submitted to the Engineer. The QCP shall be submitted no later than
15 days prior to commencing the embankment operations.

4. The xxDOT will review, sign, and date the QCP if the contents of the QCP are in
compliance with the requirements as stated herein.

5. The QCP shall be maintained to reflect the current status of the operations, and
revisions shall be provided in writing prior to initiating the change. The QCP
revision shall not be implemented until the revision has been accepted.

6. The QCP shall contain the name, telephone number, duties, and employer of all
quality control personnel necessary to implement the QCP. The minimum
qualifications of quality control personnel shall be as follows:

a. QCP Field Manager or Plan Administrator. The person responsible for the
execution of the QCP and liaison with the Engineer. Additionally the QCP
Field Manager requirements include:

1. Full-time employee of the Contractor or an independent consultant not
involved with the Quality Assurance (acceptance) activities on the
project.

2. Minimum (x) vears’ experience (as determined by the DOT) in quality
control activities in construction operations

3. Full authority to institute actions necessary for successful
implementation of the QCP.

b. Quality Control Technician (QCT). The person(s) responsible for
conducting quality control and inspection activities to implement the QCP.
There may be more than one QCT on a project.

1. Full-time employee of the Contractor or an independent consultant
with a minimum (x) years” experience (as determined by the DOT) in
quality control activities in construction operations.

2. Completed the xxDOT requirements for the applicable testing.

3. Full authority to institute actions necessary for successful
implementation of the QCP.
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c. IC Roller Operator. The person responsible for operating the IC roller and
attached IC equipment. Sufficient training for the roller operator shall be

supplied by a representative of the manufacturer of the equipment.

7. IC Equipment. The Roller supplier, make, roller model, number of IC rollers to
be provided, and the GPS system supplier to be utilized.

8. Embankment operations shall not begin before the QCP has been accepted.
9. The Engineer may require the replacement of ineffective or unqualified
equipment or Quality Control personnel. Construction operations may be
required to stop until Quality Control corrective actions are taken.
References. (to be modified/expanded as applicable by the DOT)
1. AASHTO Standards.

AASHTO T 99 Moisture-Density Relations of Soils Using a 2.5-kg
(5.5-1b) Rammer and a 305-mm (12-in.) Drop

AASHTO T 272 Family of Curves — One-Point Method

2. ASTM Standards.

ASTM D 2383 Measuring Deflections with a Light Weight
Deflectometer (LWD)
ASTM D 6951 Dynamic Cone Penetrometer in Shallow Pavement

Applications (17.6-1b (8-kg) hammer)

3. xxDOT Standards.

XXX Field Determination of Moisture Content of Soils
XXX Field Determination of Deflection Using Light
Weight Deflectometer

Quality Control Technician. The QCT shall be responsible for the following minimum
functions:

1. GPS check testing for the IC roller(s) and rover(s).
2. Test section construction and establishing target values for the maximum dry
density, optimum moisture content, production moisture content, strength of the

materials using the dynamic cone penetrometer (DCP), light weight deflectometer
(LWD), nuclear gauge, and the IC-roller(s).

8
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3. Monitoring of the construction operations and the IC roller(s) during production
and final proofing operations.

4. Quality control testing for the maximum dry density and moisture content.
5. Downloading and analysis of the IC-data from the roller(s).
6. Daily set-up. take down and secure storage of GPS and IC roller components

Testing Facility. The location of the testing facility and a list of test equipment shall be
included. The testing facility shall be sufficient size to conduct the Quality Control tests, and a
satisfactory base on which compaction of the soil can be achieved in accordance with AASHTO
T 99 Method A (or as otherwise defined by the DOT) shall be provided. A statement of
accessibility of the testing facility shall be included that allows xxDOT personnel to witness
Quality Control activities and to review Quality Control tests.

A list of the testing equipment proposed for Quality Control testing and the test methods
and frequency of calibration or verification of the equipment shall be included. The Contractor
shall maintain a record of all equipment calibration or verification results at the testing facility.
The minimum frequency and procedures shall be as follows:

Balances Verification 12 months KNX
Sieves Check Physical Condition 12 months KNX
Etc.* * *

*to be filled in by the DOT

Materials Sampling and Testing. The procedures for sampling and testing of the soil
embankment and the frequency of tests shall be identified and include as a minimum the
following: (details to be modified’expanded as applicable by the DOT)

1. Moisture. The procedure for measuring the moisture content of the soil during
production compaction. The minimum frequency of tests per lift of material shall
be one test for each construction area.

2. Strength. The procedure for measuring the in-place strength of the soil. The
minimum frequency of tests shall be a minimum of one test for each construction
area.

3. Maximum Dry Density and Optimum Moisture Content. The procedure for
measuring the maximum dry density and optimum moisture content of the soil for
the test sections and when there is a change in the soil type.

4, IC Roller Data. The procedure for obtaining the IC roller data. The frequency of
obtaining the data shall be a minimum of two times each day of soil compaction.

9
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The data is date/time stamped which permits for external evaluation at a later
time.

GPS Check Testing. Prior to the start of production, the Contractor, GPS representative
and IC roller manufacturer shall conduct the following to check the proper setup of the GPS, IC
roller(s) and the rover(s) using the same datum:

1. On alocation nearby or within the project limits, the GPS base station (if required
by the GPS) shall be established and the IC roller and the GPS rover tied into the
same base station.

2. Verification that the roller and rover are working properly and that there is a
connection with the base station.

3. Production shall not begin until proper GPS verification has been obtained. IC
vendors’ recommended verification process can be used to augment the following
procedure.

Move the IC roller around until the GPS header computation is initialized. Move
the IC roller and park at a selected location. Record the GPS measurements from
the IC roller ensuring the distance offsets are applied so that the GPS coordinate is
at the center or at left/right edges of the front drum. Mark two locations on the
ground adjacent to the right and left edges of the front drum contact patch. Move
the IC roller from the marked locations. Use a hand-held rover to measure at the
marked locations. Average the rover GPS measurements if the roller GPS
measurement is at the center of the front drum. The differences between the roller
GPS and rover measurements shall be within 12 inches (300 mm) for northing
and easting.

4. The project plan file provided by xxDOT shall be uploaded into the IC Data
analysis software and depending on the roller manufacture, the on-board IC
computer.

5. GPS check testing shall be conducted daily during production operations to
ensure consistency and accuracy of GPS measurements for all GPS devices prior
to the paving and compaction operations.

Test Sections. Test section evaluations are intended to determine the number of passes it
takes to achieve compaction at the optimum moisture content for the materials. Test sections
shall be approximately 225 ft (75 m) long and 24 ft (8 m) wide and may be part of the initial
production operations. (Test section details to be modified/expanded as applicable by the
xxDOT)

The evaluations shall be conducted for the various material types, on every lift where
there is a change of materials. The IC rollers shall use the same settings (speed, frequency)

throughout the section. After each roller pass, a nondestructive density device shall be used to

10
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estimate the density or stiffness of the material and a hand-held GPS rover to measure the
positions at least 10 locations uniformly spaced throughout the test section.

The estimated target density will be the peak of the nondestructive readings within the
desired moisture range. The IC roller data using software will create an IC compaction curve for
the mixture. The target IC-MV is the point when the increase in the IC-MV of the material
between passes is less than 5 percent on the compaction curve. The IC compaction curve 1s
defined as the relationship between the IC-MV and the roller passes. A compaction curve
example is as follows:
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Linear regression relationships between the point test results and the IC-MV results will be used
to establish the production target IC-MV as the target density meets the xxDOT in-place
compaction requirements. A linear regression curve example is as follows.
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Mapping. Pre-construction mapping/proofing of the initial layer of the fill is
recommended to identify weak areas that may need to be addressed in advance of the production
fill operations. Subsequent mapping may be conducted at any time to recognize the changes in
the fill that affects the target IC-MV or the density verification testing. Mapping operations are
intended to provide the Contractor and understanding of the stiffiness of the existing roadway
being compacted. Ata mimmuim, production mapping is recommended at the final surface of
the fill and the elevation levels at 1.0 ft., 2.0 ft., 4.0 ft., and 8.0 ft. below the final surface as
applicable. The stiffness of the underlying materials should increase with subsequent lifts of
material. The Contractors procedures for mapping shall be included.

11
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Soil Management. The procedures for management of the borrow pit and soil cut
sections to assure uniform soil material shall be included in the QCP. The procedures for the
necessary adjustments in compaction because of a change in soil type shall be stated.

Response to Test Results. The response to quality control tests for the test sections and
during production compaction shall include as a minimum the following:

1. Moisture. The procedure for corrective action when the QC moisture tests are not
within -3 and +2 percentage points of the optimum moisture content.

2. Strength. The procedure for corrective action when tests do not meet the xxDOT
requirements for each soil type.

3. Maximum Dry Density and Optimum Moisture Content. The procedure for
corrective action when the maximum dry density and optimum moisture content
test results indicate that there is a change in the soil type.

4. IC Coverage Area and Uniformity Criteria. The procedures for re-working the
construction area when IC criteria for coverage area or the minimum IC-MV are
not met.

Documentation. The documentation shall include the following:

1. Quality Control Tests. The results from the moisture, strength, and maximum dry
density and optimum moisture content tests. All quality control test results shall
be signed by the QCT and submitted to the Engineer within 24 hours of testing.

2. Equipment. Documentation of the manufacture, model, and type of rollers used
each day of soil compaction and the IC roller used for mapping the compaction of
the soil. The positioning of the IC roller(s) in the paving operations shall be noted.

3. IC Roller Data. At a minimum, the electronic data from IC roller(s) and the data
analysis software shall be provided to the Engineer upon the completion of the
Test Section, Mapping and individual IC Construction Area operations.

4. IC-MYV Analysis. The Contractors will analyze the IC-MV data for conformance
to the requirements for coverage area and uniformity and will submit the results to
the Engineer at the completion of the individual IC Construction Area operations.

IC data shall be exported from the vendor’s software in both all passes and
proofing data files. All passes data includes the data from all of the passes and

proofing data is the data from just the last pass within a given area.

5. Construction Area. The limits of the construction areas of each lift of
embankment.

12
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IC CONSTRUCTION

Technical Assistance. The Contractor shall coordinate for on-site technical assistance
from the IC roller representative during the initial seven (7) days of production and then as
needed during the remaining operations. As a minimum, the roller representative shall be
present during the initial setup and verification testing of the IC roller(s). The roller
representative shall also assist the Contractor with data management using the data analysis
software including IC data input and processing.

On-Site Training. The Contractor shall coordinate and provide for on-site training for
Contractors and Agency project personnel related to operation of the IC technology.
Contractor’s personnel shall include the contractor’s superintendent, QC technician(s), and roller
operator(s). Agency’s personnel shall include the project engineer and field inspector(s).
(Appropriate personnel to attend the training to be modified/expanded as applicable by the
xxDQOT) Arrangements shall be provided that includes an enclosed facility with electrical
availability and a projector for presentations and should be 4-8 hours in duration.

Minimum training topics shall include:
1. Background information for the specific IC system(s) to be used
2. Setup and checks for IC system(s), GPS receiver, base-station and hand held rovers

3. Operation of the IC system(s) on the roller; i.e., setup data collection, start/stop of
data recording, and on-board display options

4. Transferring raw IC data from the rollers(s); i.e., via USB connections

5. Operation of vendor’s software to open and view raw IC data files and exporting all-
passes and proofing data files in Veda-compatible format

6. Operation of Veda software to import the above exported all-passes and proofing data
files, inspection of IC maps, input point test data, perform statistics analysis, and
produce reports for project requirements

7. Coverage and uniformity requirements

Construction Areas. IC Construction areas are defined as subsections of the project
being worked continuously by the Contractor. The magnitude of the evaluation areas may vary
with production but they need to be at least 25,000 fi* for evaluation and not greater than
100,000 ft*. Partial construction areas of 5000 ft* or less will be included in the previous area
evaluation. Partial construction areas of greater than 5000 ft* will constitute a full area to close
out the mixture. Construction areas may extend over multiple days depending on the operations.

IC Construction Operations Criteria. A minimum coverage of 90% of the individual
construction area shall meet the optimal number of roller passes and 70% of the target IC-MV

13
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determined from the test sections. Construction areas not meeting the IC criteria shall be
reworked and re-evaluated prior to continuing with the operations in that area. The IC
Construction Operations Criteria does not affect the standard xxDOT acceptance processes for
the materials or construction operations.

METHOD OF MEASUREMENT

This item will not be measured as it will be paid as a lump sum for providing for the
Intelligent Compaction for Soils on the project.

BASIS OF PAYMENT

The incorporating of the Intelligent Compaction process will be paid at the contract lump
sum price for Intelligent Compaction for Soils.

Payment will be made under:
Pay Item Unit
Intelligent Compaction for SOilS........ocovuiiriiiii e LS
This item includes all costs related to providing the IC roller including the fuel, roller
operator, GPS system, or any other equipment required for the IC process. All quality control

procedures including IC rollers and GPS systems representatives support, on-site training and
testing facility shall be included in the contract lump sum price.

14
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S-1 2016) QUALITY MANAGEMENT SPECIAL — INTELLIGENT
COMPACTION (IC) METHOD

REVISED 04/11/14 DO NOT REMOVE THIS. IT NEEDS TO STAY IN FOR THE CONTRACTORS.
SP2014-54.2

MnDOT 2105, 2106, 2211, 2215, 2331, 2353, 2360 and 2365 are modified with the following:

AlLTC forms are available on the MnDOT Advanced Materials and Technology (AMT) Website:
http:/fwww dot state. mn us/matenials/advancedmatenalsandtechnology. html.

3-1.1 DEFINITIONS
{A) {1} Cloud—1s a web-based user interface,

2) Cloud Storage—is network storage (typically the internet) where the IC data are stored in
virtualized pools of storage

(3) Cloud Computing—is the use of computing resources (hardware and software) that are
delivered as a service over a network to enable near, real-time visualization (maps) and
manipulation of TC data.

B 1) Coordinate System—is a system that uses one or more numbers, or coordinates, to
uniquely determine the position of a point or other geometric element on a manifold such
as Fuclidean space.

2) Geodetic Coordinates—is a non-earth-centric coordinate system used to describe a
position in longitude, latitude, and altitude above the imaginary ellipsoid surface based on
a specific geodetic datum. WG S-84 and NADS3 datum are required for use with UTM
and State Plane, respectively.

3) State Plane Coordinates—is a set of 124 geographic zones or coordinate systems
designed for a specific region of the United States. Each state contains one or more state
plane zones, the boundaries of which wsually follow county lines. There are 110 zones in
the continental TS5, with 10 more in Alaska, 5 in Hawaii, and one for Puerto Rico and US
VirginIslands. The system is widely used for peopraphic data by state and local
governments since it uses a Cartesian Coordinate System to specify locations rather than
a spherical coordinate system. By ignoring the curvature of the earth, “plane surveying™
methods can be used, speeding up and simplifying caleulations. Additionally, the system
1s highly accurate within each zone {error less than 1:10,000). Outside a specific state
plane zone accuracy rapidly declines, thus the system is not wseful for regional or
national mapping The current State Plane Coordinate is based on NADS3. Issues may
arise whena project crosses State Plane Boundaries.

[€)] Universal Transverse Mercator (UTM)—is a metric-based. geographic coordinate system
that uses a 2-dimensional Cartesian coordinate system to give locations on the surface of
the earth. This system divides the earth between 8073 and 84°N latitude into sixty zones,
each a six-degree band of longitude width, and uses a secant Transverse Mercator
projection n each zone (the scale 1s reduced so that the cylinder slices through the model
globe). Zone | covers longitude 1807 to 174°W, zone numbering increases eastward to
zone 607 that covers longitude 1747 to 1807 East.
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U.S. UTM Zones
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Figure S-xxx.1. Image of UTM zones in the United States

(o] Coordinated Universal Time UJTC)—is the pnimary time standard by which the world regulates
time. It 1s one of several closely related successors to Greenwich Mean Time (GMT). For most
purposes, UTC is synonymous with GMT. Tt is based on a 24-hour time scale from the mean solar
time at the earth’s prime meridian (zero degrees longitude) located near Greenwich, England.

D) [45] Data—are measurements recorded by the Instrumented Roller, or information
generated/processed from these measurements (e g, GPS coordinates, stiffness,
temperature, pass count, speed, frequency, amplitude).

{2) Gridded All Passes Data—includes all Measurement Passes recorded for a given gnid
(see Figure S0 2), This data 15 generally used to build compaction curves for
establishment of rolling patterns.

Gridded All Passes Data

Raller Coverage = 3

Gridded Final Coverage Data

Roller Coverage = 2
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Figure S-xx. 2. Schematic of coverage, Gridded All Passes Diata and Gridded Final
Coverage Data

3) Gridded Data—is processed from the raw data using meshes. The raw data 1s duplicated
over the meshes for the entire roller drum width, resulting in multiple data ponts
covering the drum width (see Figure S-xx.3). This process is used to track partial drum
overlaps among passes.

Mesh
<>
e |ojle|o|o|e e o |e|e
e | o |o e |0 e e eo|e]|e
= e oo o oo e e e e
=2
% e o |e o |o |0 e o e e
]
=]
4 e o |o o |o | e e e
e o |0 o |o |0 e o e
e o |o o |s | |0 e |s]|e
Rolling Direction — = ® DataPoint
Figure 52063, Schematic of gridded 1C data
[C)] Gridded Final Coverage Data—summarizes the final (last) Measurement Passes
recorded for a given grid (e g, total pass count, last stiffness, last temperature [see Figure
S-xo2]).
(5) Mesh—is a collection of vertices connected to other vertices that defines the shape of the

roller drum in two (2) Dimensional (2D} polygons (typically multiple squares). The
defined data mesh size is generally 0.3 m by 0.3 m (1 ft by 1 ft) in horizontal directions
(see Figure S-xx 3).

(6) Raw Data—is data recorded during compaction operations prior to the gridding process.
It consists of one data point for a roller drum width, recorded at approcxamately 10 Hz or
0.3 m (1 ft) intervals. Therefore. the data mesh (data footprint} is about one drum width
by 0.3 m (1 ft) {see Figure S-xx.4).
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Figure S-xx 4. Schematic of raw data

Veda—is a standardized intelligent construction data management (ICDM) software that
stores, maps and analyzes IC and associated geospatial data (e.g., thermal profiler data,
spot test data). This software can perform standardized data processing, analysis and
reporting to provide Project summary results quickly in the field from various IC
manufacturers. In particular, the software can provide statistics, histograms, correlations
for the IC measurements (e.g., speed, temperature, pass count, ICMV), document
coverage area and evaluate the uniformity of compaction as part of the Project quality
control operations.

Design Files—are databases containing the vector image data of the roadway alignment.
Design files can be exported from software programs in various formats (e.g.. DWG,
KMZ, Land¥ML).

DGN Files—are MicroStation Design Files. These files contain a database of 2D or 3D
drawings containing vector image data of the alignment created with MicroStation.

DWG Files—are AutoCAD Drawing Database files. These files contain a database of 2D
or 3D drawings containing vector image data of the alignment created with AutoCAD.

EML Files—are Keyhole Marlup Language Files that store geographic modeling
information in Land®ML format. These files contain points, lines, polygons, and
images, used to identify and label locations, overlay textures and add HTML content.

KMZ Files—store the alignment in a format viewable in Google Earth (a global mapping
program that provides a bird’s eye view of locations throughout the United States and
other areas of the world). KMZ files are mipped KML files which make them easier to
distribute and share with multiple users.

LandVYML Files—is an extensible markup language data file that uses tags to define
objects and object attributes; formatted much like an HTML document, but uses custom
tags to define objects and the data within each object. These files are formatted as a text-
based database, and therefore, can be edited by a basic text editor,

Global Navigation Satellite System (GNSS)—is a satellite system that 15 used to pinpoint
the geographic location of a user's receiver anywhere in the world, Thres GNSS systems
are currently in operation; the United States' Global Positioming System (GPS3), the
Russian Federation's Global Orbiting Wavigation Satellite System (GLONASS), and
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Europei€™s Galileo. Each of the GNSS systems employs a constellation of orbiting
satellites working in conjunction with a network of ground stations,

{2) Global Posifioning System {GPS)—is a navigation system that uses satellite signals to fix
the location of a radio receiver on or above the earth’s surface, anywhere on or near the
earth, where there 1s an unobstructed line of sight to four or more GPS satellites, This
system also provides the time stamp needed for IC.

3) GPS Base Station—is a GPS receiver at an accurately-known fixed location that 1s used
to derive correction information for nearby portable GPS receivers. This correction data
allow propagation and other effects to be corrected out of the position data obtained by
the portable GPS receivers, which provides increased location precision and acouracy
over the results obtained by uncorrected GPS receivers. This system consists of an
antenna, radio, radio antenna and power source. The radio and environment/physical
conditions control the distance that the correction signal travels. The typieal range of the
correction signal is about 2 miles in radius without repeaters. A repeater may extend the
distance an additional 2 miles.

[C)] Real Time Kinematic (RTK)—satellite navigation is a technique used to enhance the
precision of the ground-based data derived from satellite-based positioning systems (e,
GPS, GLONASS, Galileo). It uses measurements of the sipnal’s carrier wave and relies
on a single reference station to provide real-time corrections that are up to centimeter
ACCUracy.

(5) RTE Network—is a system that uses multiple Base Stations to provide high-accuracy
GPS positioning within a coverage area that is generally larger than that covered by a
ground-based GPS Base Station.

(&) Remotely Operated Video Enhanced Receiver (Rover)—is a portable radio/receiver used
to determine GPS coordinates for given point locations.

@) Virtual Reference Station (FRS)—are networks that use RTK Networks to provide high-
accuracy, RTK Global Navigation Satellite Systems %;pically through the use of cellular
wireless services (e.g., OminSTAR™, Trimble VRS™, Trimble VRS NOW™),
WINDOT has this system available for free to users,

(G) [4)] Instrumented Roller—is a self-propelled roller integrated with a position monitoring
system and onboard documentation system that can display real-time color-coded maps
of roller location, number of passes, roller speeds, and amplitude and vibration
frequencies of the roller drum. Some systems are also equipped with drum vibration
nstrumentation, infrared temperature sensors, and/or Automatic Feedback Control. The
onboard documentation system on these rollers would also display real-time color-coded
maps of stiffness response or pavement surface temperatures, or both,

2 Automatic Feedback Control—automatically adjusts roller Operating Settings, such as
vibration frequency and amplitude, based upon real-time feedback from the drum
vibration measurement sy stem.

(3 Finishing Roller—is the final roller used in the compaction process for the given Layer.

) Instrumented Roller Failure—is when the Instrumented Roller system does not collect
and’or store data per the requirements of 5-3¢3.0.7 and S-x¢ 3.0.8, andfor the roller

becomes inoperable.

5) Intelligent Compaction (IC) Roller—is used synonymously with Instrumented Roller.
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Ciperating Settings—are roller settings (e.g, speed, direction, frequency, peak vertical
force amplitude).

Intelligent Compaction Measurement Value (ICMV)—is the stiffness of the matenals
based on the response of the roller drum vibrations and underlying material responses.

Layer—is the total thickness of each material type. It may be comprised of single or
multiple Lifts.

Layer Identification (Layer ID)—is the reference name of the material and Lift currently
being compacted (e.g., Aggregate Base — Lift 1, Aggregate Base — Lift 2, Asphalt
Pavement — Lift 1. Asphalt Pavement — Lift 2).

Lift—is a unit of material within a Layer that is placed for compaction.

Measurement Pass—is a Roller Pass, performed by an Instrumented roller, where all
required nformation (per S-003.008) is recorded in a Data File.

Coverage—is the total area resulting from Roller Passes on a given LiftLaver (see
Figure S-00.2).

Cumdative Measurement Pass Count—is the Gridded Final Coverage Data for pass
count.

Daily Percent Coverage (DPC)—is the percent of the required daily compaction area
where the minimum required Cumulative Measurement Pass Count is achieved.

Project Percent Coverage (FPC)—is the percent of required compaction area, for the
project, where the minimum required Cumulative Measurement Pass Count is achieved

Roller Pass—is the area covered by one width of the roller in a single direction

Quality Control Personnel—are the mdividuals employed by the Contractor to execute
this work.

Intelligent Compaction Supervisor—is the Contractor’s person responsible for
performance and compliance with intelligent compaction requirements,

Omsite IC Support—is the Contractor’s personnel responsible for the onsite execution of
the intelligent compaction requirements. The Onsite IC Support must also understand
and perform the responsibilities per form 1C-101

Cperator(s) of nstrumented Roller(s)—is the Contractor’s personnel operating
nstrumented roller(s). The operator must comply with the requirements of this
specification and understand and perform the responsibilities per form 1C-102,

Site—is the Project where the instrumented rollers are required.

Site Analysis—is the process where the Contractor determines the number of GPS
repeaters needed to cover the entire working length of the Project and to address Project
staging of GPS repeaters and base station(s) when used. This process should be
completed before or during Site Setup/Calibration.

Site Setup/Calibration—is the process of setting up the local, base station and repeaters
{or VRS). It also includes determining the coordinate information of each survey matrker
and storing this information within the [C software.
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Survey Markers—(sometimes referred to as survey marks, monuments, hubs, control points)}—are
temporary or permanent objects placed to mark key survey points on the earth’s surface. These
markers are used to indicate elevation and horizontal position

ACRONYMS ANDY ABBREVIATIONS

D—dimensional

DFC—daily percent coverage

GMNES—global navigation satellite system

GPS—global positioning system

IC—intelligent compaction

ICDM—intelligent construction data management

ICMV—IC measurement value

PPC—Project percent coverage

Rover—remotely operated video enhanced receiver

RTK—real time kinematic

UTC—Coordinated Universal Time

UTM—Universal Transverse Mercator

Veda—intelligent construction data management software

VRS—virtual reference system

EQUIPMENT REQUIREMENTS
The Diepartment does not guarantee the accuracy and compatibility of electronic data provided by

the Department, The Plan documents, originally provided with the Contract, remain the basis of the Contract. The
Contractor 1s responsible for any necessary conversions of the provided electronic data

(A)

Rover

1) The Contractor will provide the Department with One (1) survey grade GNSS Rover
Receiver and Recerver Kit (Rover) for use during the Contract.

(a) Includes cabling, antenna, charger, accessories, and three (3) sets of
recharpeable batteries.

L] Setup to reference the local, pround-based Base Station or the Network RTE
used on the Project.

{c) Display and store the Date. Time and X, Y, Z Coordinates as required by Table
S-xetl. The XYZ Coordinates must be collected, unless otherwise specified, in
the County Coordinate System used in the background alignment file(s) using
NADE3 (1996 adjustment) and MAVDER vertical datum.
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Table S-xx.1
Required Format of Rover Data
Description Data Format Examples
Date Stamp (MDDYY) 3/19/13
Time Stamp 21:46:22.96
(HHMNMSS. S5 —military format) | (21 hr 46min. 2296 8.}
Northing (¥) 153328 47
Easting (X) 524195 65
Height () 909,85
(d) Maintamn this equipment for the duration of the Contract (this includes necessary
hardware and software upgrades)
(&) Provide an equivalent replacement, within two (2) working days, should the

equipment hecome lost, stolen, moperable

(2) The Contractor must use Rovers meeting the requirements of S-xx.3 A1

(3) The Departimert will return the survey equipment no later than ninety (90) days after final
acceptance of all work per MnDOT 1516.2

B) Survey Markers and Field Stationing

1) The Department will set temporary Survey Markers, meeting the following requirements
{see Figure 8200 3), prior to the Project start date (Permanent Survey Markers meeting
the following requirements can also be used):

(a)

b)

{c)

(d)

Two (2) Survey Markers, at the start and at the end of the Project (totaling four
[4]).

One (1) Survey Marker every 1.5 miles on the right-of-way. Alternate the
Survey Markers on each side of the alignment.

All Survey Markers have a clear line of site to satellites to allow for GPS
calibration of the site.

Five (3), of the Survey Markers, must meet the following requirements (the
remaining survey markers may be two dimensional [2D]):

1) Three Dimensional {31

{1} Aceuracy = 0.1 ft in the X-, Y- and Z-Direction

(1i1) Equally spaced throughout the Project

(v} Cme (1) survey marker at the start and end of the Praject.

The remaining Survey Markers must have an accuracy of < 0.1 ft in the - and
Y-Direction.
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Froject End

Project Start

.

Figure S8-30.5 Schematic of the required Survey Marker configuration.

[ees) The Department will provide the following coordmate information in a *txt or *csv
format, for the permanent and temporary Survey Markers, 7 working-days prior to the
start of compaction efforts:

(a) Pomt Name

(b} Northing

{e) Easting

(d) Elevation

(e) Location Code / Description

The Diepartment will also include available MnDXOT Geodetic Data Sheets that are
relevant to the Project limits,

3) The Diepartment will ensure that field station markers, when used, match those used in
the design file (see S-x0.3.0).

(] Design Files

1) Ensure the alignment file is loaded onto the Onboard Documentation System of each
instrumented roller and into the Cloud Computing mapping software.

2 The Department will provide background, alignment files(s), in the following formats,
within three (3) working days of Contract approval:

(a) 2D-DWG {or Land®ML) and
L] 2D-EME

(3 The Department will enclose the following background shapefile features as single,
independent polygons (closed 3-sided polylines):

{a) Mainline (Driving and Awaliary Lanes)
()] Exceptions on the Mainline
[C)] At a minimum, the following text features will be included in the alignment files:

(a) Centerline Station Numbering
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B} Station Limits for Exceptions.
()] The Department 1s allowed three (3) working days to update files with Department
approved changes requested by the Contractor,
{0y Instrumented Roller System
Provide the Department with Instrumented Rollers per Tahle S-x.2
Table $-xx.2
Required Instrumented Roller Equi
Additional
Specification Description Quantity Duration RTK-GPS | Accelerometer | Temperature Requirements
Manufacturer's Intelligent 1 4-days pror to
Compaction Computer Optional certification of the
Software rolleris) until ninety
2105, 2106, Two (2) | (90} days after final
22112215, User 1Ds acceptance of all
2331,2353, . 1 IDtobe | work per MnDOT S-xx3Dd
e e g Aceess to Cloud Storage e
2360, 2305 1 Cloud C. ” provided 1516.2.
ancl Cloud Computing foruse by
the
Department
Self-Propelled, Vibratory:
24?? 3.1,(112 Smooth, Single-Dirum Steal Y
= N’;I‘ * | Smooth, Double-Drum Stezl | S-xx3 D4
- Pad { Sheeps) Foot " xx; .
EIUS. 2'1‘06. SelfPropelled, P tic Dutation of e 5-xx3.D6 .
2211.2215, Roller Saxx3D2 Compaction Efforts S 3.D7 @)
2331 pa - Soec3DR 9
2353 2360, | Self-Propelled, Vibratony: v t
2363 Smooth Deuble-Dium Steel S 3 D4 v E
- . Self-Propelled, Pneunmatic . S-xx3.D.5 S
2360, 2365 =
Raoller b
2
[4)] The Manufacturer’s Intelligent Compaction Software, and Cloud Computing, must map 5
and export Gridded All Passes and Gridded Fial Coverage Diata meeting the LC)
requirements of S2:x3 D8 Additionally, the Manufacturer’s Intelhgent Compaction o
Software (and Cloud Computing) must support the following features: E
Q
{a) Filtering by: g
o
(i) Instrumented Roller €
i} _ 5
{11} Date and Time Stamp <
£
(i) Layer ID =
2R
b) Creating Boundaries (e.g., Polygon Feature), or the ability to create boundaries ..,?1_3 )
using the alignment file. Z E
Ca
) ) ) ) ) ) -
{c) Caleulation of Gridded Final Coverage Data using filtered data (e.g.. Gridded N
Final Coverage for a given Roller. for a given day of production and location, g Kel
Gridded Final Coverage within the entire Project limits}. e g
< Z
2) All rollers are required to be instrumented with intelligent compaction technology. E 3
5 2
Rl
X
5z
=< T
§ <
[}
o &
M c
el
< =2
+
% £
8 ¢
o O
o< =
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Instrumented rollers are required for all compaction efforts under MnDOT 2105, 2106,
2211, 2215, 2331, 2353, 2360 and 2365

3) Instrumented with the capability to connect to a RTK-GPS using either:
{1} Local, Ground-Based Base Station(s)—Use either the Trimble GPS system, or
TOPCON GPS system. The Engineer may approve other compatible systems,
(11} MnDOT's VRS RTK Network. (The Contractor is responsible for verifymg
cellular coverage within the Project limits for use of MnDOT’s VRS RTE
Network.)

[C)] Instrumented with accelerometers mounted in or about the drum to measure the
interactions between the rollers and compacted materials.

3) Instrumented with one non-contact, temperature sensor. mounted on or near, the front of
the roller for measuring pavement surface temperatures. A second temperature sensor
may be mounted on, or near, the rear.

&) Instrumented with the following:

(a) Modem, or Wi-Fi, for transferring data to Cloud Storage.
by Onboard Documentation System
(1) Displays real-time. color-coded maps of:
a, Linework (Alignment File)
b, Roller Drum Location
C. Number of Roller Passes
d. ICMYV (for systems with accelerometers)
e Pavement Surface Temperature (for systems with temperature
SENSOrs)
(1) Displays current value for:
a Roller Speed
b, Vibration Frequency
[ Vibration Amplitude
(1i1) Abnlity to manually export data using a remavable media device
{1v) Allows operator to define (label) or select each Layer 1D,
(@] Required Instrumented Roller Equipment Accuracy
Table 8- 3
Required Instrumented Roller Equipment Accuracy
Operating Parameter Accuracy
Global Positioning System + 2 in (50 mm) in the X and YV Direction
Rolling Speed + 0.3 mph (0.5 kph)
Frequency +2Hz
Amplitude + 0.008 in (0.2 mm)
Temperature + 2 TF (+£1.5°C)
(8) Measurement Pass Data
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(a) Gridded All Passes and Gridded Final Coverage Data are exportable:
(al) as dbase ASCII or Text Format, or

(a2) directly into Veda (software can be downloaded from the MnDOT
Intelligent Compaction website).

(b) Gridded All Passes and Gridded Final Coverage Data Files:

(b1) The following information is recommended for inclusion within the
header of each data file or section, or with each data point:

Data Field Name Data Format Examples
Project ID SPXXXX-XX

Machine Trade Name Manufacturer Name

Roller ID Serial Number, Machine ID
Drum Configuration 2

(1: single drum; 2: double drum; 3: pad foot;
4. pneumatic)
Drum Configuration 2
(1. single drum; 2: double drum; 3: pad foot;
4. pneumatic)

Drum Width (m) 2.007
Drum Diameter (m) 12
Machine Weight (metric ton) 14.0
Transverse Mesh Size (mm) 300
(direction parallel to roller drum)

Longitudinal Mesh Size (mm) 300
(direction perpendicular to roller drum)

EPSG Coordinate System Code 3745
(0 for non-EPSG coordinate system)

Non-EPSG Coordinate System Zone Name Dodge County
Name of ICMV Index 3

(1: CCV, 2: CMV;, 3: Evib, 4. HMV; 5: Kb,
6: MDP, 7: Other)

IC Data Type 3
(1: Raw data; 2: Gridded All Passes Data; 3:
Gridded Final Coverage Data)

Number of IC Data Records 100000
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(b2} Must meet the requirements of Table S-xx 4

Table S-xx.4
Required Fields in Gridded All Passes and Gridded Final Coverage Data Files
for Each Data Point
Requirements
Data Field Name Data Format Examples {Section)
[S-xx.3.D.8.b2(i), (ii)]
Date Stamp A
(YYYYMMDD) 20080701
Time Stamp 214622962
gﬁHh-IhiSS.SS “miltary {1 b d6min 22962 5)
ormat)
Roller Trade Name Roller Maodel
Roller [D serial number, machine [D
Northing (¥) () 13328 41 S-xx3 D8 b2ii)
Easting (30) (ft) 52419565 Soxx 3.D.8.b2(1v)
Height (Z) (ft) 90985 T
GPS Mode RTK Fixed
Roller Pass Number ”
| (calculated from Grid) -
Roller Direction Forward, Reverse (or an index)
Roller Speed 4.0
Vibration On Yes, Mo, On, Off (or an index)
Frequency 38.4
Amphitude 0.6 N
Surface Temperature 120 g'_'::; DDSIEZZ((:%
ICMV 20.0 S-3¢.3.D.8.b2{vii)
1) Include measurement units in a header or as part of the field name.

(1) The data mesh size, after post-processing, must be less than 18 in (450
mm} in the X and Y directions

(111) The XYZ Coordinates must be collected, unless otherwise specified, in
the Coordinate System used in the background alignment file(s) using
INADE3 (1996 adjustment) and WAVDS8S vertical datum,

(v} Coordmates indicate the center of the roller drum.,

vl The surface temperature measurement must reflect the mat surface
temperature from leading sensor immediately before rolling.

{vi} Surface temperature measurements are only required for rollers
instrumented with temperature sensors.

{vii) ICMVs are only required for rollers instrumented with accelerometers.

5-1.4 CONSTRUCTION REQUIREMENT

(A) Training and Certification of Personnel

1) The Contractor will provide the following personnel, certified per Table S-x0e.5:
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(©)

(a) Intelligent Compaction Supervisor(s)
) Onsite IC Support

{c) Operator(s) of the Instrumented Roller(s)

Table S-xx.5
Required Certification Training of Contractor Personnel
Personnel Training By Form
Intelligent
Compaction *  Vendor or Manufacturer IC-101
Supervisors

Ongite IC Support

Operator(s) of the ¢ Vendor or Manufacturer, or
Instrumented o Intelligent Compaction Supervisor, or IC-102

Rollers

o Onsite IC Support

2)

(3)

Certification of personnel will be completed, one time per calendar year, Certification
must be completed prior to use of equipment for Measurement Passes on this Contract
(see S-xx.4.1))

The Department will provide traming to the following Diepartment personnel executing
this specification:

(a) Project Engineer

b) Inspector(s)

Site Analysis, Setup and Calibration

2)

Complete site setup and calibration at least seven {7} working days prior to the use of the
instrumented rollers for roller certifications (see S-3004.0) and measurement passes.

Provide the Department, prior to instrumented roller certification (S-xx.4.C), with the
date that the site was setup and ealibrated and the locations of local, pround-base stations
when used.

Department Approval of Instrumented Rollers for Use

2)
(3)

Provide the proposed demonstration locations and proposed date of roller certification{s)
to the Department at least 14-calendar days in advance. The Engineer will approve
Project Site demanstration locations at least 7-calendar days prior to roller demonstration

The Department will approve the Instrumented Roller(s) for use using Form IC-103

Complete measurement passes, at the approved demonstration locations, for the cases
specified in Table 5-x4.6
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TABLE §-xx.6
Department AEp_rovaI of Instrumented Rollers for Use |see Sxx.-t.C.3,a|

Testing No. of Measurement Area

Case ; iS€s8
No. Demonstration Location Passes|  yridth Length

Verification of Adequate Sensor Range

Soft Material
[see S—xx.4.C.3.b| Project Site
Stiff Matenial or Offsite Location
[see S-x¢4.C3b]
Verification of Data Contained within Measurement pass files

- Data Quality P . ~ =300
[see Sx¢ 4.C 3.6 Project Site 2 =7f(2m) | =300 ft (100 m)

1 =TR(2m) | =300 ft (100 m)

=]

(a) Department approval of Instrumented Rollers for use must be completed one
time per calendar year

(b) WVerify that the ICMWVs can identify differences between weak and strong
materials.

() Verify that all measurements are recorded and meet the requirements of
S 3D

NOTE—The requirements of S-x¢.4.C.3 will be modified in the future after
establishment of a national standard for calibration of mstrumented rollers

4y Provide the Department with the Gridded All Passes Data Files, for cases 1 and 2 1n
Table S-xx.6, at least 7-calendar days prior to roller certification when the measurements
were collected offsite, or were previously approved during the given calendar year.

3) Calibration of GPS Accuracy

(a) Rover— Verify that the Rover(s) are calibrated to the correct coordinate system,
using a Survey Marker, within the Project limits. Complete this verification
prior to checking the Intelligent Compaction System’s GPS.

by Intellipent Compaction System

(1) Mark a spot on the ground next to the drum location being recorded and
displayed by the Onboard Documentation System (e.g., center [or left
or right edge] of the roller drum or of the outside edge of a preumatic
roller tire).

NOTE—Ensure that the outside edge of a pneumatic roller tire is used,
as not all Pneumatic Rollers have a wide-track width,

(i) Collect and compare the GPS coordinates from the Rover and the
Instrumented Roller. The coordinates must compare within 0.5 ft (150
mm) of each other in the X and ¥ direction.

[(®)] Calibration of the IC Temperature Accuracy

(a) Power on the I temperature sensors, a minimum of 10 minutes, before
verifying measurements
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D)

(b Collect and compare the temperature measurements from an independent device
and the Instrumented Roller for the front sensor (and for the rear mounted sensor
when also installed on the roller). The temperatures must compare within 3°F

(2.8°C)
Measurement Passes
40 The Diaily Percent Coverage will be considered zero, for rollers that have not been
approved for use by the Department (see S-0x.4.C), or are operated by personnel who
have not been certified (see S-oed A).
(2) Complete Measurement Passes:
{a) On 100 percent of the mainline (driving and suxiliary lanes) including Control
Strips.
b) Per Table S-xx.7.
Table 5-xx 7
Required Measurement Pass Locations
Specification Measurement Pass Location Requirement
All roller passes on the Top of Subgrade S-x¢4.D.b1
2105 /2106 (When the depih is within 6 ft (2 m) of S-x00.4.D.b2
s Grading Grade.) S 4D0b3
All roller passes on final Grading Grade Lift. | S-xedDbd
S-xoe 4. Dbl
2211, 2215, 2331 S 4.Db2
All roller passes on each Lift. S 4.D.b4
2353, 2360, 2365 S-xe4.D.b1
( Asphalt Pavement) S-w0e.4.D.b2

(3

(bl)  Identify the Layer IDs using Project typical sections. The operator
must input (or select) the Layer 1D, using the on-board display, prior to
compacting the given material

(b2)  Operate the Finishing Roller, on each lift, using consistent Operating
Settings for the following:

. Amplitude and Frequency (when in vibration mode)
. Speed (between 3 and 5 mph)
(b3} Avoid performing Measurement Passes, in the vibratory mode, within 4

ft (1.2 m) of the water table.

by Test roll (MnDOT 2111), when required. immediately after completing
the final Measuwrement Pass. The Department will identify boundaries
of failing test rolling per Form I1C-104.

It is recommended that the GPS accuracy on the Instrumented Rollers is verified, prior to
use each day. using the procedure outlined in S-xx.4.C5, or by reviewing the
measurement passes, with respect to the alignment. on the onboard documentation
system.

It is also recommended that the temperature accuracy on the Instrumented Rollers is
periodically verified using the procedure outlined in 8- 4.C.6.
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) Tumn data collection and recording off when not performing Measurement Passes,

(5) Provide the Department immediate viewing of the Measurement Pass data on the IC
Roller.

I(®] Record the number of Instrumented Rollers used, and which rollers are being used in
tandem (1f any) on form IC-107, on each day of production. This information is needed
for the basis of measurement (S-xx.5)

(E) Instrumented Roller Failure
Contact the Department immediately when Instrumented Eoller Failure (see S.3001.G.4) oceurs
and immediately after the issues have been resolved. The day of Instrumented Roller Failure notification, and the
following two (2) working days, will be accepted as providing a Daily Percent Coverage of 100% for the given
roller, for each day of this grace period. The Daily Percent Coverage (see S-00 LAY will be reflective of the actual
measurements during subsequent days of Instrumented Eoller Failure for the given roller.
1 GPS Coordinates

(1) Ensure GPS point identifications are included on the appropriate sample or testing forms.

(4] Use a Rover (meeting 5-304 3.A) to determine the GFS coordinates for all quality control
samples and testing locations on the mainline.

(3 The Department will use a Rover (meeting 5-x0.3 A) to determine the GFS coordinates
for:
(a) All venfication/quality assurance samples and test locations on mamline

This includes grading and base testing; and/or mix testing and cores for
bitumineus

()] Boundaries of areas requiring corrective action (record coordinates per form
1C-105).

{c) Boundaries of the daily production area (record coordinates per form 1C-106)

(d)y Boundaries of exceptions (see form IC-106). Ensure that the coordmates are
collected for each lane (e.g., centerline point is collected for use in per lane
evaluations).

(e) Core location for additional cores (see S-oc 4. H)

(G) Additional Cores (For Information Purposes Only)

(1) Core each lift, at the following locations, for each day of production:
(a) One (1) core, randomly selected, between 25 and 100 ft of the start of paving.
1)) One (1) core, randomly selected, between 25 and 100 ft of the end of paving.
(4] Label Cores as follows:

(a) Core from the beginning of paving: “Lot #57

1)) Core from the end of paving: “Lot #67
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(3) The Department will complete density testing on these cores for informational purposes
only

(H) IC Data Submittal Requirements
[1)] Data collected during Department Approval of Instrumented Rollers for Use—Transfer
IC Raw Data files directly from the roller to the Cloud Storage after completion of the
Demonstration Cases at the Project site.

Transfer IC Raw Data Files, collected from an offsite location, directly to the Cloud
Storage, or to the Department when storage is not available.

Submit forms 1C-101, IC-102 and IC-103 prior to start of Measurement Passes.
2) Measurement Pass Data—Transfer IC Raw Data files directly from the roller to the
Cloud Storage within 15-minute intervals when adequate cellular coverage is available,

and at least one time per day when there is limited cellular coverape.

[E)} Submit Eover GPS Coordinates for QU sample and testing loeations, in a ®dbase or osv
format. on a weekly basis,

[E)} Submit forms per Tabla 5-69:

Table S-xx.9
Form Submittal Schedule
Form D Schedule
IC-104 (Boundaries of Failing Test Rolling Areas) Monthl
1C-105 (Boundaries of Corrective Action Areas) ¥
1C-104% (Boundaries of Daily Production Areas)
[C-107 (Daily Roller Operations)

Weekly

IC-104 and IC-105 on a monthly basis; and form IC-107 on a weekly basis.

5-1.5 / OF v

The Department will measure Quality Management Special by determining the Project Percent
Coverage of the Cumulative Measurement Pass Count completed by the Instrumented Rollers over the required
compaction areas specified in S-xxd.D.2.

100 Percent Project Percent Coverage 1s achieved when the Cumulative Measurement Pass Count
15 greater than or equal to one (1) (Measurement Passes) times the number of [nstrumented Rollers used for the
ewven day of production. Instrumented Rollers working in tandem are counted as one (1) Instrumented Roller.

Mote—Cumulative Measurement Pass Count is the Gridded Final Coverage Data for pass count
{see S0t 1001 through S<oc 1.D06). Please note that number of passes reflects the number of roller passes in one
area of the mat (e.g. 0.3 m by 0.3 m [1 fi by | ftarea]), not the total number of passes across the width of the mat
for a given roller.

516 BASIS OF PAYMENT
The Contract lump sum prices for the Instrumented Roller(s) include all costs related to this
Special Provision.

Interruptions of satellite reception of signals to operate this system will not result inany
adjustment to the “Basis of Payment” for any construction items or to Contract time,

The Department will pay for the Instrumented Roller(s) on the basis of the following schedule:
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Item No. Ttem Unit
2016.601 Cuality Management Special ... Lump Sum
(A) / :
The lump sum will be paid in partial payment amounts for completion of the work per Table
5-xx,10:
Table S-xx.10
Payment Schedule
o % of
Item Criteria Lump Sum Paid
A | Certification of the IC Supervisor(s), Onsite IC Support and 10% Payment
Operators of the Instrumented Rollers per S-x0¢4 A oray
B | Instrumented Roller(s) Approved for Use per S d.C 10% Payment
Measurement Pass Completion (Form [C-108)
C Project Percent Coverage (PPC) = T4 80% Payment
Project Percent Coverage (PPC) < T % Payment = 0.8<PPC+24
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APPENDIX C

Performance Specifications for
Earthwork/Pavement Foundation

Recent developments and improvements to in situ testing
devices and integrated machine sensors (e.g., intelligent com-
paction rollers with accelerometer-based measurements of
ground stiffness) have provided opportunities to develop
mote performance-oriented specifications in the areas of
embankment and pavement subgrade/subbase construction.
Two specifications related to pavement foundation systems
were prepared under the SHRF 2 RO7 project. The first, and
perhaps easiest to implement, entails replacing traditional
forms of proof rolling with roller-integrated compaction
monitoring (RICM) proof mapping to verify that pavement
subgrade support conditions are satisfactory. Compared with
traditional proof rolling, proof mapping can provide

Geospatially referenced documentation of an RICM mea-
surement value (MV);

Real-time information to the contractor during the con-
struction process; and

Results that can be correlated to subgrade support values,
such as bearing capacity and stiffness.

The second specification represents a more comprehensive
attempt to specify the construction of embankment and pave-
ment foundation materials in terms of performance measures
and quality statements. Key features of this specification
include the following:

Use of RICM technology to provide 100% sampling cover-
age to identify areas needing further work;

Acceptance and verification testing using performance
measures and parameters—such as elastic modulus test-
ing, shear strength, and permeability—that relate to design
assumptions;

Protocols for establishing target values for acceptance;
Cuality statements and assessment methods that require
achievement of at least some overall minimal value during

-

[

construction, and achievemnent of a minimum level of spa-
tial uniformity in a given lot area; and

Protocols for data analysis and reporting such that the con-
struction process is field controlled in an efficient manner
to ensure the final product meets design assumptions,

.

This second specification may not be ready for immedi-
ate implementation on a construction project because of
training needs and limitations in technology, data analysis/
software, and endorsed test methods/standards. Neverthe-
less, it presents an approach for establishing target values
for acceptance based on engineering parameters that relate
to design assumptions.

Roller-integrated Compaction
Monitoring (RICM) Proof
Mapping Performance
Specification for Subgrade

Commentary: The goal of this guide specification isto describe
anew construction quality control (QC) and quality assurance
(QA ) approach to verify that pavement subgrade support con-
ditions are satisfactory. The specification includes a provision
to replace traditional forms of proof relling with reller-
integrated compaction monitoring (RICM) proof mapping.

Compared with proof rolling, proof mapping has the advan-
tages of (1) providing geospatially referenced documentation
of an RICM measurement value {MV), (2} providing real-
time information to the contractor during the construction
process, and (3) being correlated to subgrade support values
such as bearing capacity and stiffness. By incarporating proof
mapping capability into rollers, the results can be used as part
of the contractor’s process control operations.

Through agency verification performance testing, the RICM
measurement records are intended to be used in the agency’s
acceptance decision, For practical reasons, the verification test
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results in this situation cannot be independent RICM mea-
surements; so it is recomnmended that verification tests involve
in situ testing conducted by the agency and correlated to the
RICM MV (e.g..LWD, DCP, PLT).

This specification was drafted as part of the SHRP 2 R07
research effort to develop guide performance specifications
for rapid highway renewal. The Missouri Department of
Transportation (MoDOT) provided guidance in the develop-
ment and field testing of this guide specification. An example
of the proof mapping output is provided with this document.
The MoDOT field results demonstrate an effective application
of RICM proof mapping as an alternative to traditional proof
rolling via a loaded, tandem-azle dump truck.

Implementation of this specification is not envisioned in the
short term because of limitations in technology, data analysis/
software, endorsed test/method standards (e.g., AASHTO),
and training. A well planned program will need to be devel-
oped to overcome these obstacles. As part of this research, a
demonstration project was organized to provide field data to
validate parts of this specification. The project report sum-
marizes key findings from the demonstration project.

1 DESCRIPTION

This work shall consist of testing the support conditions of the
prepared roadbed subgrade by proof mapping with a roller-
integrated compaction monitoring (RICM)—equipped com-
pactor before paving. Perform RICM proof mapping on all
prepared subgrade, including main line, outer roadways,
ramps, and all side streets, The department will establish tar-
get values for prool mapping through on-site RICM verifica-
tion testing,

Record and document all RICM measurements obtained as
partof compaction process control operations. Submit process
control results to the department on request. Submit RICM
proof mapping passes intended for inclusion in the depart-
ment’s acceptance decision on completion of mapping opera-
tions. RICM deliverables shall be current for each payment
period.

Commentary: As an alternative to traditional nuclear mois-
ture density testing and moisture content testing, drive core
sampling (ASTM 2937), dynamic cone penetration testing
(ASTM 6951), plate load testing (ASTM D 1196), light weight
deflectometer testing (ASTM E2583 or ASTM E2835), and
other tests can be considered. A description of target value
determination for these alternative methods is beyend the
scope of this guide specification. Motivations to use alterna-
tives to nuclear gauges include elimination of the nuclear
compliancy and safety training issues and the understand-
ing that current RICM measurements are better correlated
to strength and stiffness measurements than to volumetric/
gravimetric measurements.

2 TERMSAND DEFINITIONS

For the purpose of this specification, the following defini-
tions shall apply.

A. Roller-integrated compaction monitoring (RICM):
RICM for earthwork and pavement foundation materials
is defined as the generic gathering of data from roller sys-
tems involved with the measurement and recording of
roller position, dateftime, speed, vibration frequency,
vibration amplitude, pass count, travel direction, and a
comipaction measurernent value (MV). The RICM system
is supplied by either the roller manufacturer or a third
party. The RICM monitoring systemn shall incJude calibra-
tion records of the sensor systems.

B. Measurement value (MV): Measurement values are cal-
culated from calibrated sensors integrated into rollers that
provide information on machine-ground interaction(s).
Machine-ground interaction measurements are typically
derived from vibration analysis of accelerometers, sensor
systems that monitor machine drive power inputs, or
direct measures of sinkage/rutting.

C. Target value (TV): Target values are the established mini-
mum MVs based on in situ correlation analysis to in situ
performance point measurements, Correlation analysis
requires statistical analysis of geospatially paired indepen-
dent point measurement values (PMVs) linked to MVs
using global navigation satellite system (GNSS) position-
ing information.

D. Subgrade bearing capacity is the plate load test contact
pressure required to induce 1 in. of plate deflection
(25.4 mm) for a 12-in. (300-mm) diameter plate,

E. Real-time kinematic (RTK)—based GNSS with base sta-
tion corrections is used for determining the position of
the roller and correlation spot tests. Results from the
RICM shall be displayed to the roller operator on a color-
coded computer screen in real time during roller opera-
tions, and the data shall be saved for transfer and viewing
by the engineer.

Commentary: Additional terms and definitions may be
needed for modified versions of this specification. The focus
on subgrade bearing capacity for this specification is based on
MoDOT’s current proof rolling specification. Also note that
the incorporation of moisture content measurement into the
suite of RICM measurements is not commercially available;
but it is an ongoing area of research and industry develop-
ment, and it is expected to be incorporated in the near term.

3 EQUIPMENT/TEST CAPABILITIES

A. Provide RICM-equipped compactor(s) that have the
capability to near continuously measure and record a
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roller-ground interaction measurement value (MV)
that correlates to the subgrade bearing capacity as deter-
mined from a static plate load test performed in accor-
dance with ASTM 1196,

Commentary: The RICM system requirement of “near con-
tinuous measurement” is intended to provide a requirement
for reporting the measurement value. Reporting an RICM MV
in distance increments <12 in. (300 mm ) traveled is desirable
but is not a set requirement at this point.

An alternative to defining subgrade bearing capacity based on
1 in. of plate deflection is to use a target minimum modulus of
subgrade reaction (e.g., k-value used for pavement design
purposes) at a defined plate contact stress. In brief, modulus
of subgrade reaction is defined as the plate contact stress
divided by the average plate deflection (see ASTM D1196 or
AASHTO T222). Common plate contact stress values used to
define modulus of subgrade reaction are 10 pounds per square
inch {psi) {69 kPa) for subgrade and 30 psi (207 kPa) for sta-
bilized subgrade and aggregate base. Although a 12-in. diam-
eter plate is listed above, a plate diameter of 30 in. is normally
the reference standard. For plate diameters smaller than 30 in.
(762 mm), perimeter to surface area corrections are typically
required so that the reported values are equivalent to the stan-
dard 30-in. diameter plate.

. Provide an RTK GNSS to acquire northing, easting, and

elevation data for mapping of RICM measurements.
Ensure the system has the capability to collect data in an
established project coordinate system. Furnisha local base
station for broadcasting differential correction data to the
rollers with a tolerance less than 0.1 ft in the vertical and
horizontal.

Commentary: 1f a lower accuracy system is substituted for
RTK GNSS, the quality of correlation analysis from verifica-
tion testing is reduced and may require increased in situ test-
ing frequencies and/or high minimum RICM target values to
account for position induced measurement error. RTK GNSS
position information is recommended.

. The RICM systern shall have the capability to immediately

display and provide a permanent electronic record of the

proof mapping results and data as follows:

1. Integrated, color-coded, real-time computer display
viewable by roller operator showing RICM measure-
ment value (MV), RICM MYV with reference to RICM
target value ('TV), and roller pass coverage. Provide dis-
played results to the engineer for review on request.

2. Electronic data file in American Standard Code for
Information Interchange (ASCII) format with time
stamp, RTK global positioning system (GPS) position in
state DOT standard coordinate system, roller operation

57

parameters {speed, gear, and travel direction}, the RICM
measurement value (MV), and target value ('TV).

4 CONSTRUCTION REQUIREMENTS

4.1 RICM Work Plan

Submit to the engineer an RICM work plan at the titue of the
preconstruction conference.

A. Describe in the RICM work plan the following:

Roller vendor,

Roller model,

Roller dimensions and weights,

Description of RICM measurement system(s),

Past independent verification of RICM correlations to
in situ engineering measurements,

Roller data collection methods including sampling
rates and intervals,

RTK GPS capabilities,

Minimum parameters for GPS calibration (required
daily),

Validation process of RICM equipment and results
(required daily),

Documentation system and data file types,

Software,

Roller operations per manufacturer recommendations,
and

Proposed rolling patterns for each lift,

B. Describe the process for RICM operations during the
agency's testing to establish RICM target values.

C. Address quality management of the pavement foundation
layers, including testing to be performed and coordination

with the department’s efforts to verify that the contractor
is meeting the minimum and/or maximum engineering
parameter vatues.

Commentary: Agencies are encouraged to consider require-
ments for RICM operating training/certification when the
data will be used as part of the acceptance decision.

D. Describe how data will be acquired and transferred to the
engineer, including method, timing, and personnel
responsible, Data transfer shall occur ata minimum once
per day or as directed by the engineer. Provide and export
the following data in a comma, colon, or space delimited
ASCII file format:

Machine model, type, and serial/machine number;
Roller drum dimensions (width and diameter);
Roller and drum weights;

File name;

Date stamp;

Time stamp;
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¢ RTK-based GPS measurements showing northing,
easting, and elevation (e.g., in local project coordinate
system);

o Roller travel direction (e.g., forward or reverse);

+ Roller speed;

s Vibration setting (i.e., on or off);

* Vibration amplitude;

o Vibration frequency;

s RICM MV;and

e Pass count.

4.2 RICM Target Value Determination and
Correlation Analysis

A. For RICM verification and correlation analysis to estab-
lish RICM target value, the department (or an indepen-
dent third-party inspection firm) will conduct in situ
testing, Perform RICM roller operations for correlation
analysis in the presence of the engineer, unless approved
otherwise. The engineer will review all results to set the
RICM TV

The department (or its third-party inspection firm) will
prepare reports containing the results of the plate bearing
testing and assessment of the RICM TV determination

B.

within 24 hours of testing. The test report will include the

following:

s Tastidentification number,

s Dates of testing,

+ Names of QC/QA field personnel conducting tests,

e Description of tests,

s Tables presenting all data,

e Plots of plate bearing test results,

s Summary of calculated engineering values,

s Plot of RICM MV versus independent measurements,
and

s Plots of RICM proof maps.

4.3 Proof Mapping Roller Operation

To allow comparison of successive roller passes, the roller
operations should be consistent between passes. For static
(e.g., nonvibratory) rolling operations, maintain relatively
constant speed and operate within the manufacturers slope
and pitch limits. For vibratory rolling operations, maintain
relatively constant vibration frequency and amplitude during
roller operations, Permitted variation in vibration frequency
is £2 Hz. Maintain rolling speed to provide a minimum of 10
impacts per linear foot and within £0.5 mph during mea-
surement passes. Record roller operations in forward and
reverse directions, Check and validate, if necessary, RICM
equipment at the beginning of each workday. Make GNSS
calibration checks on a daily basis.

Commmentary: Changes in frequency and amplitude can influ-
ence RICM MVs. However, the limits for vibration frequency
and speed variation can be adjusted if the RICM technology is
documented as providing reliable and repeatable measure-
ments outside the noted ranges. Speed fluctuations can also
influence the RICM MVs and should not be allowed outside of
the specified range during measureinent passes. It is anticipated
that RICM MVswill be affected by rolling direction, and there-
fore the output data fields shall indicate rolling direction.

A. RICM proof mapping shall include two complete passes
per lane and one complete pass in shoulder areas, Perform
each pass so that a 0% to 10% overlap occurs between
passes in the coverage area. The roller operations and roll-
ing patterns for each lift shall be in accordance with the
manufacturer guidelines and as proposed in the RICM
work plan, subject to approval by the engineer.

B. Protect completed work before the placement of the sub-
sequent layers and until final acceptance of the project. At
any time during construction of aggregate base pavement
materials, the engineer may require the contractor to per-
form RICM proof mapping according to this specifica-
tion in areas on the project where unstable subgrade is
observed. Make corrections to the subgrade even if the
engineer previously accepted the areas before they became
unstable.

C. Provide the results of RICM proof mapping to the engi-
neer in printed and electronic form on request or within
at least 24 hours of measurement. On approval of the
RICM proof mapping, place the subbase, base course, or
initial pavement course within 48 hours. If the subbase,
base coarse, or initial pavement course is not placed within
48 hours or the condition of the subgrade changes because
of weather or other conditions, perform proof mapping
and corrective work at the discretion of the engineer and
at no experise to the department.

5 PERFORMANCE REQUIREMENTS

The department will consider the roadbed to be unstable if
the RICM measurement value is less than the established
requiremments for the mappingarea based on the RICM target
value (TV). To establish the RICM TV, the department will
perform correlation analysis of the RICM MV to the sub-
grade bearing capacity, as defined in Section 2. The depart-
ment will use simple linear regression analysis to establish a
correlation between the RICM MV and plate load test values.
The department will use a minimum of eight plate load tests
to establish the correlation. The department will set the
RICM TV as the RICM MV that correlates to a 1-in. plate
deflection at a contact pressure of 90 psi (10,178 Ibf for 12-in.
diameter plate).
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Commentary: Simple linear regression analysis involves devel -
oping a relationship between independent and dependent
variables using an intercept and slope coefficient. This analy-
sis is simple enough to be performed on a hand calculator.
For eachlinear, univariate regression model, the coefficient of
determination R2 provides a measure of how well the regres-
sion model describes the data. In this specification the cor-
relation is considered acceptable if R2 = 0.5. The regression
relationships will be developed by considering the “true”
independent variables (in this specification, plate bearing test
measurements or modulus of subgrade reaction) and the
RICM MYV as the dependent variable using the model shown
in Equation 1.

RICM MV = b, +b, - o )

where b,
variable.

intercept, b, = slope, and o = independent

As an alternative to on-site calibration using simple linear
regression analysis, suitable evidence of RICM MV correla-
tions with the selected in situ peint measurements {e.g., plate
load tests) may be used. Suitable evidence would be unbiased
third-party measurements describing and verifying the sta-
tistical significance of the determined correlations. The cor-
relations would need to be derived from the same roller
machine configuration, operating conditions, and similar
soil types.

Note: Relationships between RICM to in situ point measure-
ments can be nonlinear, in which case simple linear regression
is not recommended. There are many nonlinear models that
can be used to develop correlations. An example of a hyper-
bolic relationship is provided in Figure C.1.

6 ACCEPTANCE REQUIREMENTS

The department will base acceptance of the RICM proof
mapping area on achievement of the RICM TV in the proof
mapping area with a minimum of 80% of the RICM MV 2
TV and no contiguous, isolated areas that are larger than
25 ftin length. When proof mapping identifies unacceptable
areas in the roadbed, the contractor shall rework the area by
scarifying and moisture conditioning the soils as necessary,
Reshape and compact the disturbed areas. The engineer may
1ot require retesting of that area by RICM proof mapping if
the engineer is satisfied that the corrective actions taken have
eliminated the cause of the instability as evidenced by testing
and/or visual inspection.

Commentayy: The 80% minimum criterion is a suggested
value and is expected to vary from about 70% to $0% depend-
ing on the desired quality conditions and uniformity. Further,
the 25-ft maximum for unstable areas may be adjusted from

3 1t to 50 ftcontiguous length, An alternative to the maximum
continuous length is to use 4 maximum area such as the roller
footprint (about 150 ft*). Currently, limited information is
available to fully understand the impacts of the size of non-
conforming areas, and the engineer should use judgment in
setting these limits, Areas requiring corrective work, as deter-
mined from proof mapping, because of unforeseen condi-
tions may require extra work, in which case the engineer may
need to identify the needed remediation. Proof mapping
areas are generally on the order of the project width by 200 ft
to 1,000 ft in length, but that will depend on the project
conditions.

In addition to the RICM mapping described, it may be
desirable for the agency to conduct quality assurance plate
bearing tests. The number of tests and test locations will be
based on assessment of the RICM MVs, In areas of high
RICM variability {¢.g., coefficient of variation, COV >2000),
the test frequency will be about one test per 500 ft. In areas
of low RICM variability (e.g., COV <20%), the test fre-
quency will be about one test every 1,000 ft. The test loca-
tions could be randomly selected or by inspection of the
RICM proof map to identify soft spots. The target numbers
for quality assurance testing and RICM variability are
related to the materials being tested and the type of RICM
measurement technology, Engineering judgment should be
used when selecting these limits. Typical values are pre-
sented in NCHRP Report 676.

7 BASIS OF PAYMENT

All RICM proof mapping operations are considered inciden-
tal to the grading and earthwork. No direct payment will be
made to the contractor for RICM proof mapping or correc-
tive work required as a result of the proof mapping.

Commentary: An alternative basis of payment language is as
follows: Payment for RICM will be the lump sum contract
price. Payment is full compensation for all work associated
with providing RICM equipped rollers, transmission of elec-
tronic data files, two copies of RICM roller manufacturer soft-
ware, and training. Delays resulting from GPS satellite
reception of signals to operate the RICM equipment or RICM
roller breakdowns will not be considered justification for con-
tract modifications or contract extensions. In the event of
RICM roller breakdowns, systern mal functions, or GPS prob-
lems, the contractor may operate with conventional relling
operations; but RICM proof mapping shall be provided for a
minimum 90% eof the project surface.

1f, because of unforeseen ground counditions and as deter-
mined from proof mapping, the engineer determines that cor-
rective construction work is necessary, such corrective work
could be paid at the applicable contract unit price or as extra
work.
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Figure C.1. Example RICM proof maps and calibration plots.
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Specifications

Performance Specification for
Embankment and Pavement
Foundation Construction

Commentary: This guide specification, developed nnder the
SHRP 2 RO7 project, provides a template from which a state
highway agency can develop a detailed performance specifica-
tion for quality control {QC) and quality assurance {QA) of
embankment and pavement foundation materials. Imple-
mentation of this specification will require investment in new
technologies, training, and data management solutions. Tra-
ditionally, earthwork specifications are prescriptive, require
relatively low test frequency, andior do net use acceptance
testing methods that directly evaluate performance character-
istics during construction. To overcome these limitations, this
guide specification includes the following key features:

Acceptance and verification testing using performance mea-
sures and parameters—such as elastic modulus testing, mod-
ulus of subgrade reaction, and shear strength—that relate to
design assumptions;

Use of real-time roller-integrated compaction monitoring
(RICM) technology [1e., intelligent compaction (1C), contin-
uous compaction control { CCC), compaction documentation
system (CDS)] or instrumented proof rolling technology to
provide nearly 10046 coverage to identify areas needing fur-
ther work, geospatially referenced data for uniformity analysis,
and information to select verification testing locations;
Protocols for establishing target values for acceptance based
on the required engineering parameter values consistent
with the design methodology used for the project;

Cruality statements and assessment methods that require
achievement of at least some overall minimal value during
construction, achievement of a minimum level of uniformity,
and identification of contiguous areas of noncompliance that
exceed the maximum allowable;

Protocols for data analysis and reporting such that the con-
struction process is field controlled in an efficient manner to
ensure the final product meets design assumptions;
Assignments of responsibility for field QC /A, data report -
ing, and verification testing, and guidance on data interpre-
tation and remediation; and

A few options for pay adjustments that provide incentives/
disincentives to promote achievement of the specific perfor-
mance criteria and maximize coverage of the performance
verification assessment.

A distinguishing factor for this guide specification, compared
with other components of civil infrastructure, is the subter-
ranean nature of the earthworks and pavement foundation
projects. If such projects are not built to achieve the intended
performance criteria to begin with, maintenance and repair
can be costly and difficult, if not impossible. The need to pro-
vide technologies and specification guidelines to improve pro-
cess control and verify as-constructed conditions remains
high. A companion performance guide specification was

61

developed separately from this document and titled, Roller-
Integrated Compaction Monitering {RICM} Proof Mapping
Performance Specification for Subgrade. The proof mapping
guide specification is a simpler alternative to this specification
and achieves many of the key performance criteria.

Implementation of this specification is not envisioned in the
short term becanse of limitations in technelogy, data analysis/
software, endorsed test/method standards (e.g., AASHTO),
and training. A well-planned program needs to be developed
to overcome these obstacles. As part of this research, demon-
stration projects were organized to provide field data to vali-
date parts of this specification. A project report summarizes
key findings from the demonstration.

1 GENERAL

This specification presents details on how to evaluate and
accept the placement of embankment and pavernent founda-
tion materials in terms of performance measures and perfor-
mance quality statements.

A. Materials: This specification is applicable to a range of
unbound granular and nongranular earth materials,
including general embankment fill materials, pavement
subgrade materials, unbound aggregate base materials,
and chemically and mechanically stabilized materials,

B. Technologies: Testing technologies that provide rapid
measures for increased test frequency are required for
quality control {QC) and quality assurance (QA) test-
ing. Many of these technologies are standardized with
existing test protocols while some are not standardized
and require special protocols for their use as described
in this specification.,

C., Performance criteria and assessment: The goal of the
specification is to provide a mechanism to ensure that the
compacted materials are satisfactory for the intended
design purpose, Performance quality assessment is based
on achievernent of the following quality criteria:

1. Critical design property value(s} over the entire site
achieves the specified minimum value;

. Nonuniformity of the critical design property value(s)
over the entire site are no more than the specified max-
imum amount;

3, Contiguous noncompliance areas are not larger than

the specified maximum value; and

4. Moisture contents are greater than the specified mini-
mum values to eliminate postconstruction saturation
induced volume and stiffness changes to the acceptable
level.

(=]

Commentary: Traditional end-result earthwork specifications
normally address item (1} through infrequent random point
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measurements. The point measurements have traditionally
been moisture content and density determined from nuclear
density tests. The test frequency is such that less than 0.1% of
the soil volume is typically tested, making statistical analysis of
the data difficult. Geospatially referenced RICM and proof
rolling techoologies provide the opportunity to address items
(2) and (3). Options for enforcing these quality criteria are
presented in this guide specification. Generally, moisture con-
trol is critical for effective and efficient soil compaction. The
specification options address the influence of moisture con-
trol through an option to include moisture content as a sig-
pificant variable in the correlation analysis with stiffness and
strength performance criteria and by requiring laboratory
testing to select minimum moisture contents to lirnit post-
construction wetting-induced design property changes to

using global navigation satellite system (GNSS) position-
ing information.

. In situ performance point measurement value (PMV):

Point measurement values are in situ measurements
used to set TVs for RICM MVs. PMVss suitable for per-
formance measurements include measures of strength
and stiffness.

. Real-time kinematic (RTK)-based GNSS with base sta-

tion corrections is used for determining the position of
the roller and correlation spot tests. Results from the
RICM shall be displayed to the roller operator on a color-
coded computer screen in real-time during roller opera-
tions, and the data shall be saved for transfer and viewing
by the engineer.
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within acceptable limnits.
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. RICM repeatability refers to variation observed in the
measurement values (also referred to as measurement
error) obtained over a test area from consecutive passes
under identical operating conditions {i.e., using same
operator, amplitude, speed, direction of travel, etc.).

address selection of the measurement technologies, G, RICM reproducibility refers to the variation in measure-

methods for test strip construction to establish site- and
material-specific target values, and electronic data collec-

D. Responsibilities and reporting: As part of this specifica-
tion, the contractor shall develop, implement, and main-
tain a quality management plan {(QMP). The plan shall

ments obtained from consecutive passes under changing
conditions. The changing conditions may be due to differ-
tion and transfer. ent measurement methods, machines used, operators, or

speed and amplitude settings.
2 TERMS AND DEFINITIONS

)

TEST EQUIPMENT AND METHODS

For the purpose of this specification, the following definitions

shall apply: Commentary: This section should list and describe suitable
test equipment and methods to be used in the performance
quality assessments. Some of the test methods may not have
established AASHTO or ASTM standards and will require list-
ing of state agency standards and/or reference to accepted user

A, Roller-integrated compaction monitoring (RICM):
RICM for earthwork and pavernent foundation materials
is defined as the generic gathering of data from roller sys-
tems involved with the measurement and recording of
roller position, date/time, speed, vibration frequency,
vibration amplitude, pass count, travel direction, and a

manuals. There are many details here, induding special focus
on RICM and proof rolling/mapping equipment as it is rela-
tively new and not well described in current specifications.
The devices for which AASHTO/ASTM standards exist are not

compaction measurement value (MV). The RICM system described.
is supplied by either the roller manufacturer or a third
party. The RICM monitoring system shallinclude calibra- 3.1 Roller

tion records of the sensor systems. Provide RICM rollers that comply with the standard speci-

B. Measurement value (MV): Measurement values are cal- fications for self-propelled vibratory rollers, static rollers, or
culated from calibrated sensors integrated into rollers that pneumatic roller, Ensure that RICM equipment can mea-
provide information on machine-ground interaction(s). sure roller position, dateftime, speed, vibration frequency,
Machine-ground interaction measurements are typically vibration amplitude, pass count, travel direction, and a
derived from vibration analysis of accelerometers, sensor compaction measurement value (MV) with known repeat-
systems that monitor machine drive power inputs, or ability and reproducibility. Provide a computer screen in the
direct measures of sinkage/rutting. roller cab for viewing measured results. Ensure that results

C. Target value (TV): Target values are the established mini- are stored for transfer to the engineer for viewing on a lap-
mum MVs based on in situ correlation analysis to in situ top computer. Provide the engineer with a copy of the RICM
pertormance point measurements. Correlation analysis data analysis software for viewingresults. Ensure thatresults
requires statistical analysis of geospatially paired indepen- are displayed as color-coded spatial maps based on GNSS
dent point measurement values (PMV) linked to MV coordinates.
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3.1.1 Data Collection, Export, and Onboard Display

Provide and export the following data in a comma, colon, or
space delimited ASCH file format:

Machine model, type, and serial/machine nurmber;

Roller drum dimensions {width and diameter);

. Roller and drum weights;

File name;

. Date stamp;

. Time stamp;

. RTK-based global positioning system ( GPS) measure-
ments showing northing, easting, and elevation
[+76 mm in the horizontal and vertical directions
(RTK GPS)];

8. Roller travel direction (e.g., forward or reverse);
9. Roller speed (+0.5 km/h);

10. Vibration setting (i.e., onor off};

11, Machine gear;

12, Vibration amplitude (£0.2 mm);

13. Vibration frequency (+2 Hz);

14, Compaction measurernent value (MV); and

(SIS TCR SR

~ o

15. Pass count.

Ensure that the roller onboard display will furnish color-
coded GNSS-based mapping showing number of roller
passes, vibration frequency, vibration amplitude, and the MV
on a computer screen in the roller operator’s cab. Provide dis-
played results to the engineer for review upon request.

3.1.2 Local GNSS Base Station

Provide an RTK GNSS to acquire northing, easting, and ele-
vation data for use in mapping of RICM measurements.
Ensure the system has the capability to collect data in an
established project coordinate system. Furnish a local base
station for broadcasting differential correction data to the
rollers with a tolerance less than 25 mm in the vertical and
horizontal.

Commeentary: If a less accurate system is substituted for RTK
GNSS, the quality of correlation analysis from verification
testing is reduced and may require increases in the number of
in situ tests and/or a higher minimum RICM target value to
account for position-induced measurement error. RTK-GNSS
position information is recommended to minimize this error.

3.1.3 Roller Operations

Conduct roller operations according to the manufacturer’s
recommendations to provide reliable and repeatable RICM
measurements, To allow comparison of successive roller
passes, the roller operations should be consistent between

83

passes. For static (e.g., nonvibratory) rolling operations,
maintain relatively constant speed and operate within the
manufacturer’s slope and pitch limits, For vibratory rolling
operations, maintain relatively constant vibration frequency
and amplitude during roller operations. Permitted variation
in vibration frequency is 22 Hz. Maintain rolling speed to
provide aminimum of 10 impacts per linear foot and within
+0.5 mph during measurement passes. Record roller opera-
tions in forward and reverse directions. If necessary, check
and validate RICM equipment at the beginning of each work-
day. Make GNSS calibration checks on a daily basis.

Commentary: Changes o frequency and amplitude can influ-
ence RICM MVs. However, the limits for vibration frequency
and speed variation can be adjusted if the RICM technology is
documented as providing reliable and repeatable measure-
ments outside the noted ranges. Speed fluctuations can also
influence the RICM MVs and should not be allowed outside
of the specified range during measurement passes. RICM MVs
will likely be affected by rolling direction, and therefore the
output data fields shall indicate rolling direction.

3.14 Repeatability and Reproducibility Analysis

RICM measurements determined from repeated passes must
exhibit reproducible and repeatable results for well-compacted
materials. If the results are not repeatable, a test section
should be constructed to evaluate the influence of roller
operating and changing ground conditions. The procedure
for calculating reproducibility and repeatability errors is pre-
sented in Attachiment A: Repeatability and Reproducibility
Analysis Using Two-Way Analysis of Variance (ANOVA),

Commentary: Currently, there are no published acceptable
limits of measurement error for roller MVs. However, it 1s an
important element of this specification for evaluating the use-
fulness ofa machine before its use or even periodically during
the course of project; this will help build confidence in the
measurements. As with any quality assessment device, the
measurement values should be both repeatable and reproduc-
ible. Variability in roller MVs is one source of scatter in rela-
tionships compared with in situ point measurements. The
measurement variability is quantified in this specification in a
repeatability and reproducibility context. Repeatability refers
to variation observed in the measurement values (also referred
to as measurerient error) obtained over a test area from con-
secutive passes under identical operating conditions (i.e.,
using same operator, amplitude, speed, direction of travel,
ete.). Reproducibility refers to the variation in measurements
obtained from consecutive passes under changing conditions.
The changing conditions may result from different measure-
ment methods, machines used, operators, or speed and ampli-
tude settings. The repeatability and reproducibility analysis
procedure described is applicable for any RICM technology,
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although the magnitude of measurement error (for the range
of MVs) is expected to be different for different RICM tech-
nologies. This is important from a specification standpoint s
it affects the regression relationships, minimum TVs, and
anticipated variability in MVs.

Maintain current records of calibration and inspection
records for the in situ test devices. Submit records to the engi-

neer, on request, before initiating testing,

Commientary: The insitu test technologieslisted were selected
with the goal of linking design with the as-constructed condi-
tions. Jdeally, these measurement technologies will (1) mea-
sure characteristics that significantly affect performance,
(2) assess quality compaction characteristics that are under
the direct control of the contractor, and (3) provide a mea-
sureinent at or near the time of construction. In some cases 1o
suitable testing technology is available to measure the various

3.2 Test Devices for In Situ Performan ce Peint
Measurement Values

The department will establish target values (TVs) for RICM
MV based on material and RICM machine-specific param-
eters. Select appropriate in situ PMVs from Table C.1.

Tabie C.1. In Situ Point Measurements Property
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Measurement Test Methods/References Measurement Parameter
Modulus of subgrade reaction (k-value) AASHTO T222: Nonrepetitive Static Plate k-value

Load Test of Soils and Flexible Pavement

Components for Use in Evaluation and

Design of Airport and Highway Pavements
Dynarmic modulus ASTM E2583: Standard Test Method for Mea- | Eyp

suring Deflections with a Light Weight
Deflectomater (WD), ASTM WK25932:
New Test Method for Measuring Deflections
Using a Portable Impulse Plate Load Test
Device

Dynamic cone penetration (DCP) resistance

ASTM DB851: Standard Test Method for Use
of the Dynamic Cone Penetrometer in Shal-
low Pavement Applications

DCP Index, California bearing ratic (CBR}

Falling weight deflectometer (FWD) modulus

ASTM D4694-09: Standard Test Method for
Deflections with a Falling-Weight-Tvpe
impuise Load Device

Erun

Clegg impact harnmer (CIH) value

ASTM D 5874 Standard Test Method for
Determination of the Impact Value (V) of &
Soil

Clegg impact value CIV)

Rolling whesl deflectometer (RWD) value

ARA. 2005. Rolliing Whee! Deflectometer Bro-
chure. Applied Research Associates, Ine.,
Albuguerque, N.M. hitp://www ara.com/
Projects/RWD _brochure pdf. Accessed
November 8, 2009.

7]

Seismic pavemnent analyzer (SPA) value

Nazarian, S., M. Balcer, and K. Crain. 1985.
Use of Seismic Pavernent Analyzer in Pave-
ment Evaluation. In Transpaortation
Research Record 1505, TRB, Naticnal
Research Gouncil, Washington, D.C.,
pp. 1-8.

Ezp

Borehale shear test (BST) shear sirength
parameters

Handy, R. L. 2002. Berehole Shear Test
Instiuction Manuai. Handy Geotechnical
Instruments, Inc., Madrid, lowa.

Vane shear test (VST} peak and residual shear
strength

ASTM D2573: Standard Test Methed for Field
Vane Shear Test in Cohesive Soil

Sy, Bus

Moisture content

Numerous devices can be used to determine
moisture content.

w%

Other™

To be determined”

To be determined”

Nate: "Other test devices may provide desired performance assessments that are not listed here, and many new technalogies are being developed that will serve

this purpose.




wv
o
S
2
©
v
=
(v
(7]
Q
wv

Specifications

65

functional design properties (e.g., measures that reflect long-
term repetitive loading conditions). In addition to these cur-
rent technology gaps, analysis gaps exist for which there is no
known way to collect and process the desired information.
Many recent studies (e.g., NCHRP 626) have focused on iden-
tifying improved measurement technologies,

from laboratory measurements and the field investigation
should be provided.

5 CONSTRUCTION REQUIREMENTS

Commentary: In exchange for providing the contractor flex-
ibility with regard to construction operations to meet the
design and performance criteria for embankment and foun-
dation construction, the agency should require the contractor
to describe in its QMP how it intends to perform the work and
meet the performance requirements. A well-developed plan
should help assure the agency that the contractor understands
how its own actions {(e.g., scheduling, hauling, spreading, fin-

4 DESIGN AND PERFORMANCE CRITERIA

Design parameter values for the materials subject to perfor-
mance quality assessment in this specification were developed
on the basis of the procedures identified in Table C.2. The
design values establish the performance quality target values
to be evaluated in the quality control and quality assessment ishing, and compaction) will affect the in-place properties and
testing, Table C.2 also lists the project-specific performance performance of the work and that the contractor has planned
criteria. the work and allecated its resources accordingly.

Commentary: This section lists the project design procedure(s)
and elements of the geotechnical system and engineering
parameters and mechanisms that control performance attri-
butes, By providing this information, the link is established
between the design phase and construction quality assessment
phase of the project. The performance parameters determined

QUALITY MANAGEMENT

Commentary: The requirements included in this section
assume the contract includes a separate provision related to
development and implementation of a quality management
plan (QMP) that defines general requirements related to the

Table C.2. Exampie Design and Performance Criferia

Material Components

Design Procedure!

Example Performance Criteria?®

Embanianent fill (>3 ft below bottom of pave-
ment layer)

Limit equilibrium slope instability analysis at
tfailure surface} FS > 1.5

Total settlement criteria < 2% of fill height

Differential settlement criteria < 1 in.

Effective cohesion, ¢’ = 500 pst

Effective friction angle, ¢"= 25 degrees
(accounting for geometric factors and
ground water table, eic.}

k-value 2 200 pai
wY% > strain softening condition for post-

saturation and < required to achieve
strength/stiffness criteria

Pavement foundation layers (subgrads, stabi-
lized subgrade, unbound base and fill <3 ft
below bottom of pavement laysr)

1993 AASHTO Guide for Design of Pavement
Structures/MEPDG

Determine resilient modulus (M) per AASHTO
TR07 and estimate k-value =M /164

Subgrade k-value = 160 pci

Stabilized subgrade, k-value = 300 pci or
achievement of 50 psi unconfined com-
pressive strength

Unbound k-value = 400 pci (composite
k-value based on 30-in. diameter plate joad
test)

in situ M, = 30,000 psi
W% > strain soflening condition for post-

saturation and < required to achieve
strength/siiffness critera

Fill materials at identified critical areas
{e.q., structural foundations, box culverts)

Total settlement criteria < 1% of fill height

Differential settiement criteria < 0.51in.

l-value = 500 pci

wY% = strain softening condition for post-
saturation and < required to achieve

strength/stiffness criteria

1 Agency to update design refere:

ces with applicable FHWA design or agency procedures.

2 Parameters and values provided as examples only. Actual values are project spectfic and based on the praject design requirements.
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contractor’s quality management personnel and organiza-
tional structure, documentation and reporting requireiments,
and procedures related to nonconforming work, corrective
action, and similar matters. In case such requirements are not
otherwise addressed in the contract’s general conditions, a
sample general provision addressing quality management is
included among the guide specifications developed under the
SHRP 2 RO7 project.

6.1 Contractor’s Quality Management Plan (QMP)

Develop and submita project-specific QMP at the time of the
preconstruction meeting that addresses

= Quality control of the compaction materials, including
RICM equipment, operations, and coordination with
the department’s on-site calibration testing. QC may
be based on assessment of the RICM MVs according to
Section 6 of this specification.

s Process for performing compaction operations during
the agency’s verification testing to establish RICM tar-
get values.

¢ Data acquisition methods and methods of transmit-
ting data to the engineer.

e Corrective actions to bring areas of noncompliance
into compliance per the performance assessment crite-
ria described in Section & of this guide specification.

+ Development of daily quality compaction report sub-
mittals to the engineer.

6.2 RICM Repeatability/Reproducibility Anatysis

Perform a repeatability/reproducibility analysis accord-
ing to the procedures described in Attachment A. Conduct
repeatability/reproducibility analyses at the beginning of
the project and thereatter as directed by the engineer.

6.3 Correlation Analysis

For correlation analysis, the agency will conduct the in situ
PMYV testing. Perform RICM roller operations for calibration
testing in the presence of the engineer, unless approved other-
wise. Conduct roller operations to ensure the results are
repeatable and reproducible.

The engineer will evaluate all MV and PMV results to set
the RICM TV. The analysis details for correlation analysis are
described in Attachment B: Correlation Analysis Between
RICM Measurement Values and QA/QC Point Measure-
ments. A test report will be prepared within 24 hours of com-
pleting the testing and will include the following:

e ‘Testidentification number;
e Dates of testing;
* Names of QC field personnel conducting tests;

¢ Description of tests;

¢ Tables presenting all data;

o Plots of test results;

» Summary of calculated engineering values;

¢ Plot of RICM MV versus in situ PMV measurernents;
and

¢ Geospatially referenced plots of RICM results {see
Attachment C: Geospatial Uniformity Analysis).

~3

PERFORMANCE EVALUATION AND
ACCEPTANCE CRITERIA

The department will base performance compaction accep-
tance on four primary quality factors for compacted materi-
als and Type I or Type II performance compaction quality
assessment options.

7.1 Primary Quality Factors

The four primary quality factors for compacted materials are
as follows:

1. The RICM TV (in correlation with the PMV) over the
entire site is achieved to at least some specified minimal
value during construction {e.g., 80% of the lot area).

2. The variability of the RICM MV (in correlation with the
PMV) over the entire site is no more than some specified
maximum amount fe.g., the coefficient of variation
{COV) <30%, distribution of 90% of 90% RICM TV, or
geospatial statistical analysis parameters].

. Contiguous areas (“blobs”) not achieving the RICM TV
(in correlation with the PMV) are no larger than some
maximum specified value (e.g., 25 vd? of area, depending
ot the severity of noncompliance).

4. The moisture content is not less that the critical moisture

content to ensure postsaturation placement volumetric
stability (e.g.. prevent collapse/swell, strain softening).

8

Assessment of these factors is deseribed in Section 7.2, Quality
Compaction Performance Acceptance Options.

Conmmentary: The quality assessment program should provide
the ability to measure the design parameters in the field to assess
compliance with the design, and to facilitate the setting of suit-
able target values for in situ measurements that will provide
assurance of the quality and performance of the final product.
The four primary quality factors in Section 7.1 form the basis of
requirements for testing to establish the target valuesand define
responsibilities for the contractor’s process control and the
agency’s verification and acceptance testing. The specification
should require that the contractor report the QC from RICM
MVs while the agency (or independent agent) performs the in
situperformance QA testing. The RICM MVswill be part of the
overall data used to inform the agency’s acceptance decision.
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7.2 Quality Compaction Performance
Acceptance Options

The department will assess the four primary quality factors
using one of the two options described in the following:

Commentary: Refer to Figure C.2 and Table C.3 for additional
explanation of the two options.

Performance compaction Type I For this option, the depart-
ment will use the calibrated RICM-MV maps to target loca-
tions for QA PMV testing. The department will use the
RICM-MV proof maps to identity areas of possible non-
compliance (e.g., too dry/wet, undercompacted, low stabi-
lizer content) to focus QA point measurements.

Use the compaction history of the RICM MV to control
the compaction process. Follow and document proper QC
procedures (e.g., controlling moisture content, lift thickness)
during compaction operations. Provide the RICM-MV proot
maps to the engineer for evaluation and selection of QA test
locations. The proof maps are to be assessed in terms of the
four primary quality factors described in Section 7.1.

The engineer (or the department’s independent QA agent)
will select the number of tests and test locations on the basis of
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the RICM proof maps. The department will base acceptance on
achievemnent of the RICM-TV requirements and in situ PMVs.
If quality criteria are not met, perform additional compaction
passes and/or adjust construction operations (e.g., moisture, lift
thickness), after which the engineer will retest the area.

Performance compaction Type II: The department will
establish RICM TVs from on-site calibration of RICM MVs
to QA point measurements. This specification option requires
detailed calibration of RICM MVs to in situ QA PMVs from
a representative calibration test strip before performing pro-
duction QA testing. The department will establish the RICM
TV from project QA criteria through regression analysis and
application of prediction intervals. Correlation test strip con-
struction and testing for this option are discussed in Attach-
ment B: Correlation Analysis Between RICM Measurement
Values and QC/QA Point Measurements.

The department will base acceptance of the production area
on achievement of MV-TV at the selected prediction interval
(e.g., 80%) and achievement of target QA PMVs in the areas
with MVs < MV-TV. I quality criteria are not met, perform
additional compaction passes andfor adjust construction
operations {¢.g., moisture, lift thickness), after which the engi-
neer will retest the area.

Establish RICM-TV

Perform production
produ " based on Compaction

compaction

Map production area with
constant roller operation

In-situ QA tests in
“weak” areas > QA-TV

YES

Auerge
FRolier by

History settings (o, f v,
Producti " Retest
roguction area Mo, il i
High My i NO failed areas | Production
mlow My area g
. Accepte
¥ In-situ QA Perform additional compaction and/or adjust
Adjust MV scale to process control operations: material type,
find “weak” areas moisture, lift thickness, ete.
®, *pPerform QCtesting and maintain adeguate process control operations (i.e., lift thickness, moisture,

Y = % etch Compaction history documents AMY with roller passes and can be monitored to identify
problematic areas. For example, if AMV € 5%, it can identified as an area with no compaction change,
wihich can be because the material is compacted or the material is too wet or too thick,

Pasz Count

In-s ity QA Tast

YES* T 1
Perform calibration - L " .
to det . Production Area In-situ QA tests in “weak” | YES* Production area
ode eﬁ';m'_‘;\el MVs > MV-TV over 80% areas > QATV Accepted
of the lot area Retest Wlaasuramants that .
donct mest tha QA 4,
F——_ NO failed areas critari A
assoviated with e
% confidance N &2 Perform additional compaction and/or adjust process control
- operations: matenial type, moisture, lift thickness, etc. =
iy -Tw/ __;,/ =
= L~ Raoller operation Produch i 2
= y" settings (o, £, ondv) roduction aren Mop Roller operation: & af
2 - are constant during o, £ v are similar to A glwnr\!wm
[ inimm  Ealibration Pass  mlibration !
Qn-TV mrail Contigusus areos not achieving the

X In-situ QA RICM-TV are no farger thon
maximum specified volue

Figure C.2. Hllustrations of the specification process for performance compaction Typesand il
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Table C.3. QU/QA Test Guidelines for Parformance Compaction Typesiand i}

Description 1 |

Typel

Type ll

Subgrade, subbase/base layers, stabilized layers < 3ft below the bottom of the pavement

Qc

Acceptance criteria

RICM TV is achieved in at least 90% of the lot area; QT TV is achieved in RICM-identified “weak” areas;
GOV < 30%., or 80% of RICM values fall within 30% of RICM TV or of meating geostatistical target
pararneters; and RICM nencompliance areas (“blobs”) not achieving the RICM-TV are no larger than 15m?.

QA

QA TV is achieved in RICM-identified wealk areas.

RIGM-TV determination

RICM TV is establishied by contractor, on the basis of
machine-soil specific operations and monitoring
compaction curves (e.g., AMV £5%).

RICM TV is established from calibration test stiips on
the basis of a QA-TV point measurement and a
desired percentage prediction interval {e.g., 80%).

QC | RICM-MV Quality Compaction Reports: Lift thickness, roller pass count, RICM compaction curves
Testing frequency
QA | 1 per 4000 yd¥/layer 1 per 8000 yd/layer
Qc | RICM MY
QA/QC test methods
QA | Plate load test (PLT), DCP (for nongranular soils), LWD (for granular and stabilized soils), FWD
Embankmaent fill > 3 {t below the bottom of the pavement
QG | RICM TVis achieved in at least 80% of the test area; QC TV is achieved in RICM-identified weak areas;
o COV «40%, or 80% of RICM values fall within 90% of RICM-TV or of meeting geostatistical target parameters,
Acceptance criteria and RICM contiguous noncompliance areas ("blobs”) not achieving the RICM TV are no larger than 25m?.
QA | QATV(s) are achieved in RICM-identified weak areas.

RICM-TV determination

RICM TV is established by contractor, on the basis of
machine-soil specific oparations and monitoring
compaction curves {(e.g., AMV <5%.

RICM TVis established from calibration test strips on
the basis of a QA-TV point measurement and a
desired percentags prediction interval {e.g., 80%).

QG | RICM-MV Quality Compaction Reports: Lift thickness, roller pass count, RICM compaction curves

Testing frequency QA | 1 par 5000 yd® (1 per 2000 yc® in designated critical | 1 per 10,000 yd® (1 per 5000 yd? in designated critical
areas) areas)
QC | RICM MV

QA/QC test methods

QA | PLT, DCP {for nongranular soils), LWD (for granular and stabilized scils), BST, VST

Commentary: For modulus/strength measurements simple
linear regression analysis is generally suitable, while for cor-
relation to dry unit weight/relative compaction measuremernts,
multiple regression analysis including moisture content as a
variable may be needed. If underlying layer support condi-
tions are heterogeneous, relationships are likely improved by
performing multiple regression analysis with RICM MV or
point measurement data from underlying layers. Details of
regression analysis are described in Attachment B: Correlation
Analysis Between RICM Measurement Values and QC/QA
Point Measurements.

Assessment of the required moisture content on the basis of per-
formance parameters values {e.g., strength, stiffness, volumetric
stability) has been described in the literature and continues to be
part of ongoing research efforts. An example of a method to
adjust plate load test k-values is described in AASHTO T222.Tn
that test standard, a saturation correction facior is developed
on the basis of the ratio of the deformation of a test speci-
men at the natural moisture content to the deformation ina
saturated specimen under loading. Two specimens of the
andisturbed material are placed in a consolidometer or triaxial

chamber. One specimen is tested at the insitu moisture content
and the other is saturated after the seating load has been
applied. Each specimen is then subjected to the same scating
load that was used for the field test {or to account for the
desired embankment loading). The seating load is allowed to
remain en the in situ moisture content specimen until all
deformation occurs, at which time a zere reading is taken on
the vertical deformation dial. Without releasing the seating
load, additional load is applied to the specimen and allowed to
remain until all deformation has occurred. A final reading is
then taken on the vertical deformation dial. The other speci-
men is allowed to soak in the consolidemeter or trial cell under
the seating load. After the specimen is saturated, a zero dial
reading is obtained; then without releasing the seating load, an
additional load is applied. The load is allowed to remain on the
specimen until all vertical deformation has occurred, and after
that a final reading on the dial is obtained. A correction for
saturation is then applied.

Determive the target stiffness values as described in ASTM
D5874: Standard Test Method for Determination of the
Impact Value (1Y) of a Soil. The test method involves
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preparation of test specimens and selected moisture contents
and cotopaction energies. Tests are then performed to estab-
lish the CIV versus moisture content. In this standard test
method a target value for the CIV is determined from the
correlation curve at the point at which an increase in water
content resulis in a corresponding loss of strength. Similar
procedures can be usedto set strength and stiffness-based tar-
get values,

8 METHOD OF MEASUREMENT

Measurement for embankment materials furnished and

placed in accepted portions of work will be in cubic yards of

placed material. Measurement for subgrade materials, stabi-
lized materials, and unbound base material furnished and
placed in accepted portions of work will be in square yards
for the specified design thickness. The measured area will be
based on plan dimensions for the finished surface but wi

based lan d for the finished surface but will

exclude fillets, The department will verify design thickness of

the placed materials with spot checks of the grade.

9 BASIS OF PAYMENT AND PAYMENT ADJUSTMENTS

This section describes relationships between payment, pay
factors, and performance measurement values.

A. Option 1: The contractor will be paid the contract unit price
per square yard for each specified design thickness of sub-
grade materials, stabilized materials, and unbound base as
measured above. This payment shall be full compensation
for furnishing all materials, water, preparation of subgrade,

B.

]
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and for doing all work necessary to complete the material
placement in compliance with the contract documents.
Option 2: Payment for RICM will be the lump sum con-
tract price. Payment is full compensation for all work
associated with providing RICM-equipped rollers, trans-
mission of electronic data files, two copies of RICM roller
manufacturer software, and training. Delays resulting
from GPS satellite reception of signals to operate the
RICM equipment or RECM roller breakdowns will not be
considered justification for contract modifications or con-
tract extensions. In the event of RICM roller breakdowns
or system malfunctions/GPS problems, the contractor
may operate with conventional rolling operations; but
RICM proof mapping shall be provided for a minimum
90% of the project surface. If corrective construction work
is necessary, as determined from proof mapping, because
of unforeseen ground conditions, the department may
pay for the corrective work required at the applicable con-
tract unit price or as extra work.

o, Option 3: The contractor will be paid according toa pay

adjustment to the final quantities on the basis of the
final proof map RICM MV according to the following
relationships:

Range of RICM MV 2 TV | Pay Factor
80 1.00
85 1.04
95 1.08
100 110
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Appendix E: Workshop Evaluation Comments

SUMMARY OF EVALUATIONS

Technology Transfer for Intelligent Compaction Consortium (TTICC)
September 2-3, 2014 — Harrisburg, PA
Total Participants: 22

Attendees rated the following between 1 and 5.

Very Okay Needs Average

Good Improvement Rating
1. Topics covered 1 2 3 4 5 1.31
2. Organization of the program 1 2 3 4 5 1.31
3. Speakers knowledgeable 1 2 3 4 5 1.23
4. Facilities were accommodating 1 2 3 4 5 1.15
5. Program met expectations 1 2 3 4 5 1.31

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

o States’ implementation and limitations (HMA vs. soils, or both).

o Wednesday was outstanding. This discussions were very helpful. Daniel Clark’s presentation on
PennDOT's efforts was great at sparking conversation.

o Status updates.

o PA project presentation.

o Discussions.

o Open discussions.

o The info from the active and recent project.

o State updates.

o PennDot experiences—more members actively engaged. Antonios attendance.

» State discussion of IC.

» Hearing what everyone is looking for in IC and what they want it to do for them.

o Data discussions and breakout sessions.

» Hearing about what other states were experiencing with projects.

7. What were the least worthwhile parts of this program?
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3 o Occasional round the room dialog fielded inconclusive debate and understanding. Encourage even
& stronger facilitation. Nicely done.
2 o Everything valuable.

E o None.

) o All was good.

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

After separating technology value from acceptance system limitations—e.g., distinguishing validity
of a single tier random sampling program from an “info-enhanced” stratified random sampling to
better describe (and act on) subpopulations.

Verification equipment.

None.

Met agenda expectations.

What is best way to use IC in production?

Accuracy of the GPS requirements in the spec’s.

Working with software. Veda and specific manufacturer software.

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

Maybe two full days—one day with industry.

More field demos if possible.

Further idea of real-time decision-making tree (in situ).

How to educate people on what IC is and how to use it.

More manufacturers involved to discuss more of what their systems can or cannot do.
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