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Preface

Th is document summarizes the discussion and fi ndings 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. Th e 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.

Th e 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. 

Th e 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. 
Th e workshop consisted of a review of the TTICC goals, state DOT briefi ngs on intelligent compaction 
implementation activities in their state, voting and  brainstorming sessions on intelligent compaction 
road map research and implementation needs, and identifi cation 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. Th e following were the key objectives of the workshop:

• Review and exchange experiences of state DOTs in implementing IC for earthwork and HMA
• Review TTICC IC case history summaries
• Facilitate a collaborative exchange of information between state DOTs, FHWA, and industry to 

accelerate eff ective implementation of IC technologies
• Update the IC roadmap for identifying key research/implementation/education needs, and action 

items for TTICC group, FHWA, and industry
Th e workshop’s attendees—representing 10 state DOTs, the Federal Highway Administration (FHWA), 
Hamm/Writgen America, Groff  Tractor and Equipment, SITECH Allegheny, AB Consultants, and Iowa 
State University—reviewed IC case history summaries, discussed recent IC pilot specifi cations 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. Th e top three IC research/implementation needs are 
now (1) data management and analysis, (2) education/certifi cation programs for IC, and (3) correlations 
between IC and in situ test measurements. Th e revised IC road map is presented in Table 1. Aft er updat-
ing the IC roadmap, the group identifi ed action items for the TTICC group, FHWA, and industry for 
advancing the top  fi ve road map elements.

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

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

*total votes are provided in parenthesis

1. Data Management and Analysis (31*)

2. Education Program/Certifi cation Program (18*)

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

4. Sustainability/ROI (15*)

5. Intelligent Compaction Specifi cations/Guidance (14*)

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

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

8. Standardization of Roller Sensor Calibration Protocols 
(8*)

9. Understanding Roller Measurement Infl uence Depth (8*)

10. Intelligent Compaction Technology Advancements and 
Innovations (6*)

11. Intelligent Compaction Research Database (6*)

12. Project Scale Demonstration and Case Histories (4*)

13. 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 eff ort, 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)). Th e purpose of this 
pooled fund project is to identify, support, facilitate and fund intelligent compaction (IC) research and 
technology transfer initiatives. At this time, the following state highway agencies are part of this pooled 
fund study: California DOT, Georgia DOT, Iowa DOT, Kentucky DOT, Missouri DOT, Ohio DOT, 
Pennsylvania DOT, Virginia DOT, and Wisconsin DOT (Figure 1).

Th e goals of the TTICC are as follows:
• Identify needed research projects
• Develop pooled fund initiatives
• Plan and conduct an annual workshop on intelligent compaction for soils and asphalt
• Provide a forum for technology exchange between participants
• Develop and fund technology transfer materials
• Provide  ongoing communication of research needs faced by state agencies to the FHWA, states, 

industry, and the CEER
Th is report presents the details and summary of fi ndings from the 3rd TTICC Workshop held on 
September 3–4 in Harrisburg, Pennsylvania. Th e workshop was attended by  fi ft een 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.

1White D.J., (2008). Report of the Workshop on Intelligent Compaction for Soils and HMA. ER08-01, Workshop Organized by the Earthworks 
Engineering Research Center at Iowa State University and the Iowa Department of Transportation, April 2–4, West Des Moines, Iowa.
2White 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.
3White, 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.



Re
po

rt
 o

f t
he

 3
rd

 W
or

ks
ho

p 
fo

r T
ec

hn
ol

og
y 

Tr
an

sf
er

 fo
r I

nt
el

lig
en

t C
om

pa
ct

io
n 

Co
ns

or
tiu

m
 (T

TI
CC

)
Tr

an
sp

or
ta

tio
n 

Po
ol

ed
 F

un
d 

St
ud

y 
N

um
be

r T
PF

-5
(2

33
)

2

Figure 1. TTICC pooled fund study participating states (highlighted in red) as of 2014

Figure 2. Picture showing TTICC participants on Day 2
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 Workshop Objectives and Agenda
Th e 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 eff ective implementation of IC technologies
• Update the IC roadmap for identifying key research/implementation/education needs, and action 

items for TTICC group, FHWA, and industry
Th e workshop was held over  two days. Th e 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 briefi ngs for IC projects and implementation; review of previous TTICC 
workshops; overview of recent IC specifi cations;  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; defi ning training needs for contractors and 
agency personnel; and defi ning 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 identifi ed in Figure 3. A picture showing the IC 101 video developed by the TTICC group and 
posted on YouTube is shown in Figure 4. Th is video is about  fi ft een 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 briefi ngs 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. 

Th e 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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4

Figure 3. IC project in U.S. from 2012 to 2014 (includes earthwork, hot mix asphalt (HMA), and continuous in place recy-

cling (CIR) projects)
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5

Figure 4. IC 101 video developed by TTICC on YouTube (https://www.youtube.com/watch?v=6ZIcBx21Txs)
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State DOT Briefi ngs for IC Projects and Implementation 

Th e following is a log of state DOT briefi ngs 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 specifi cations for HMA and base. Th ere is  ongoing discussion on pay factors 
in the specifi cations internally. Calibrations strips are being considered in the specifi cations. 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 specifi cations.

Georgia DOT: Th ree 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 benefi t 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 benefi ts. Learned Veda soft ware and working through some issues related to importing data. Vision-
link to  Veda data formats is a problem. Need a more user friendly soft ware. GDOT performed calibration 
strips on the project to relate with densities. Selected QA based on bad areas identifi ed by the roller. 

Comment by FHWA: Veda soft ware 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. Th e goal is to use 
IC on all paving projects in the next fi ve 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 specifi cations? 
CalTrans: Th ere is one key person in each district (three in North and  two in South) who are leading 
the eff ort. 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.
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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 fi nal 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. Th ere 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. Th ere 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. Th ere 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 stiff ness values. We could not fi nd 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 profi les of 
subgrades. Looking at a research project to evaluate stiff ness 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: Th e current plan is not and IC has a signifi cant advantage over traditional testing 
that it can cover the uniformity aspect as well as the stiff ness 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’s 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. Th at project required  ten QC tests by contractor and  one QA test by 
MoDOT. Th e demo project improved confi dence in obtaining good coverage maps. IC demo on a super-
pave project was recently done with multiple IC rollers (US63, just north of Jeff erson  City). Th e project 
involved 4-lane divided highway and shoulder repave with superpave. Contractor rented the rollers. Data 
imported to Veda. Data fi ltering 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. Th is project was done as “proof-of-concept” with 
temperature and roller passes only, no stiff ness 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 
specifi cations, 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 specifi cations and experience 
with Veda. Learned that Minnesota DOT has done 35 projects so far and 10 more projects this year. Th ey 
have a lot of management support and use of IC is expected to increase fi nancial eff ectiveness. Th eir  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: Th ere 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. Th is will be the focus later on.

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

Pennsylvania DOT: See presentation slides in Appendix C. 

FHWA:  Technical support service center will be active until 2016. Th ey can help with specifi cations. 
 Twenty-two specifi cations are available on website. Th ere is ongoing research with UT at El Paso on a 
retrofi t kit for IC. Results will be compared with a traditional unit. Report to be done by early 2015. Th ere 
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 soft ware 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. 
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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. 

2. Review the road map with the  thirteen research, implementation, and educational topic areas 
identifi ed in the 1st TTICC workshop report. Th e participants were asked to provide comments 
regarding topics that should be removed, revised, or added. 

3. 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.

4. 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 fi eld inspections. IC 
can be helpful because of the 100% coverage with information. 

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

• Proctor test results are oft en unrepresentative because of material variability. 
• Moisture control is a huge challenge. Need an effi  cient 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 oft en non-uniform. Using IC can help solve this problem with real-time display.
• IC results showed refl ection of base layer stiff ness values, so it creates challenge for QA? Need to 

premap the foundation layer.
• Specifi cations are very generic and do not address specifi c project related issues. Need to rely on 

the engineer. Each district (in  Pennsylvania) does things very diff erently. It is therefore very hard 
to write specifi cations that can apply to all districts. 

• IC stiff ness based values are not critical on HMA projects. 
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Th e 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 diff erent 
roadmap elements since 2008, highlighting the transitions of top rated elements. Th e intelligent compac-
tion specifi cations and in situ correlations road map elements have remained in the top two between 2009 
and 2011. Th e data management road map element was rated as the top one in 2012 and this year. 

Progress with pilot IC specifi cations recently implemented by the DOTs and fi rst-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. Th e 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. 

Th e revised roadmap elements are presented in Table 3. Aft er reviewing the revised road map, discussion 
focused on defi ning action items needed to advance for each element. Th e 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 identifi ed for the TTTIC group, industry, and FHWA, on each of the roadmap elements.

Prioritized IC/CCC Technology Research/Implementation Needs

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

*total votes are provided in parenthesis

1. Data Management and Analysis (31*)

2. Education Program/Certifi cation Program (18*)

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

4. Sustainability/ROI (15*)

5. Intelligent Compaction Specifi cations/Guidance (14*)

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

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

8. Standardization of Roller Sensor Calibration Protocols 
(8*)

9. Understanding Roller Measurement Infl uence Depth (8*)

10. Intelligent Compaction Technology Advancements and 
Innovations (6*)

11. Intelligent Compaction Research Database (6*)

12. Project Scale Demonstration and Case Histories (4*)

13. Standardization of Roller Outputs and Format Files (0*)
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Rating 20081 20092 20103 20114 2012 2014

1 Correlations Specifi cations Correlations Correlations
Data 

Management
Data 

Management

2 Education Correlations Specifi cations Specifi cations Specifi cations Education

3
Moisture 
Content 

Infl uence

Mechanistic 
QC/QA

Mechanistic 
QC/QA

Data 
Management

Correlations Correlations

4
Data 

Management
Non-Uniformity

IC 
Advancements

Demo Projects Non-Uniformity
Sustainability/

ROI

5 Demo Projects
Data 

Management
Demo Projects Education

Output 
Standardization

Specifi cations

6
Mechanistic 

QC/QA
Demo Projects Non-Uniformity Non-Uniformity

Sensor 
Calibration

Non-Uniformity

7 Non-Uniformity Infl uence Depth
Data 

Management
Output 

Standardization
Education

Mechanistic 
QC/QA

8 Specifi cations
IC 

Advancements
Output 

Standardization
Database Infl uence Depth Infl uence Depth

9 Infl uence Depth Education Infl uence Depth
Mechanistic 

QC/QA
Demo Projects

Sensor 
Calibration

10
Promoting Best 

Practices
Database Education Infl uence Depth

Mechanistic 
QC/QA

IC 
Advancements

11 — — Database
IC 

Advancements
IC 

Advancements
Database

12 — —
Sensor 

Calibration
Sustainability Database Demo Projects

13 — — —
Sensor 

Calibration
Sustainability

Output 
Standardization

Table 2. IC/CCC research, implementation, and educational elements, ratings from 2008 to 2014
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IC Road Map Research, Implementation, and Educational Elements

1. Data Management and Analysis [1*]. The data generated from IC compaction operations is 100+ times more than 
traditional compaction QC/QA operations and presents new challenges. The research element should focus on data 
analysis, visualization, 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.

2. Education Program/Certifi cation Programs [7*]. This educational element will be the driver behind IC technol-
ogy and specifi cation implementation. Materials generated for this element should include a broadly accepted and 
integrated certifi cation 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 fi eld personnel and engineers. A potential out-
come of this element would be materials for NHI training courses.

3. Intelligent Compaction and In Situ Correlations [3*]. This research element will develop fi eld 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 defi ne “gold” standard QC/QA in situ test measurement for correlations 
depending on the material type (i.e., soils, base, or asphalt). 

4. Sustainability/Return of Investment (ROI) [12*]. This research element involves evaluating benefi ts 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. 

5. Intelligent Compaction Specifi cations/Guidance [2*]. This research element will result in several specifi cations 
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 
specifi cations should be technology independent and should allow use of diff erent QC/QA testing devices and IC 
measurement values. This research element is cross cutting with elements 3, 5, 6, 7, and 8.

6. Understanding Impact of Non-Uniformity on Performance [4*]. This track will investigate relationships between 
compaction non-uniformity and performance/service life of infrastructure systems—specifi cally pavement systems. 
Design of pavements is primarily based on average values, whereas failure conditions are aff ected 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.

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.

Table 3. Revised IC road map research, implementation, and educational elements, 2nd TTICC workshop

*1st TTICC workshop rating.
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8. 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 defl ectometer 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.

9. Understanding Roller Measurement Infl uence Depth [8*]. Potential products of this research element include 
improved understanding of roller operations, roller selection, interpretation of roller measurement values, better fi eld 
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.

10. 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 retrofi tting 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. 

11. Intelligent Compaction Research Database [12*]. This research element would defi ne 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 eff ectiveness 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. 

12. 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 benefi ts of IC technology 
should be reported and analyzed. Information from this research element will be integrated into elements 1, 2, 4, 
and 7.

13. Standardization of Roller Outputs and Format Files [5*]. This research element involves developing a standardized 
format for roller output and format fi les. This element crosscuts with specifi cation element 2. 

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

*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. Defi ne requirements (how to deal with legal issues in data sharing, and 

how to archive data)
x1

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 Certifi cation Programs

a. Develop Videos (IC101, 201, 202) x2

b. Operator Training Programs x

c. Certifi cations 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 Infl uence of Moisture Content x

d. Support Research Eff orts 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 Specifi cations/Guidance

a. Post Examples and Current Specifi cations 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 Specifi cations x x

f. Share TTICC Vision x

1Identify GIS data archival protocal (1 page)
2Develop IC101 3 minute version video
3NCHRP synthesis on existing correlations
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Summary of Key Outcomes

Some of the key outcomes from this workshop were as follows:
1. Served as a forum for discussion between state 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
8:15 am Coff ee 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, WI, 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: 

• Overall grading and HMA compaction and QC/QA problems, challenges, opportunities
• Reprioritize/add/delete IC/CCC technology research/implementation needs
• Training needs for contractors and agency personnel
• Review for HMA, aggregate bases, and soils specifi cations (Mn/DOT, FHWA, SHRP2 R02)
• TTICC goals for 2015

3:00 pm Aft ernoon break 
3:15 pm 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

• TTICC budget review
• Identify demonstration projects
• Availability for Geotechnical Mobile Lab for projects/training

8:00 pm Adjourn for the day
Th ursday, September 4, 2014

7:45 am Shuttle picks up participants at Crowne Plaza Hotel and transports to PennDOT
8:00 am Coff ee and continental breakfast available
8:15 am 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
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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

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

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

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

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

Kirk McClelland
AB Consultants
7020 Tudsbury Road
Baltimore, MD 21244
443 729 2650
kirk.mcclelland@abconsultantsinc.com

Edward Hoppe
Virginia DOT
530 Edgemont Road
Charlottesville, VA 22903
434 293 1960
edward.hoppe@vdot.virginia.gov

Kevin McLain
Missouri DOT
Construction and Materials
1617 Missouri Blvd, PO Box 270
Jeff erson City, MO 65102
573 680 0737
kevin.mclain@modot.mo.gov

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

Antonio Nieves
Federal Highway Administration
Offi  ce of Infrastructure
1200 New Jersey Ave. SE E73-446
Washington, DC 20590
202 366 4597
antonio.nieves@dot.gov

Tim Kowalski
Hamm/Wirtgen America
615 501 0600
tkowalski@wirtgenamerica.com

Todd Pollock
SITECH Allegheny
200 Bursca Drive, Suite 205
Bridgeville, PA 15017
855 417 0290
tpollock@sitechallegheny.com
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Ian Rish
Georgia DOT
Offi  ce of Materials and Research
15 Kennedy Drive
Forest Park, GA 30297
404 608 4726
irish@dot.ga.gov

William Stone
Missouri DOT
Construction and Materials
1617 Missouri Blvd, PO Box 270
Jeff erson City, MO 65102
573 526 4328
william.stone@modot.mo.gov

Adam Ross
Kentucky Transportation Cabinet
360 Crossfi eld Drive
Versailles, KY 40383
502 782 5155
adam.ross@ky.gov

Pavana Vennapusa
CEER, ISU
2711 S Loop Drive, Suite 4700
Ames, IA 50010
515 294 2395
pavanv@iastate.edu

Judith Ryan
Wisconsin DOT
Bureau of Technical Services
4802 Sheboygan Ave 
Madison WI 53705
608 246 5456
judith.ryan@dot.wi.gov

David White
CEER, ISU
2711 S Loop Drive, Suite 4700
Ames, IA 50010
515 294 1463
djwhite@iastate.edu

Melissa Serio
Iowa DOT
Offi  ce of Construction & Materials
800 Lincoln Way
Ames, IA 50010
515 239 1280
melissa.serio@dot.iowa.gov

Matt Wilson
Groff  Tractor and Equipment
Paving & Recycling Products
100 Smith Drive
Cranberry Township, PA 16066
724 242 3567
mattwilson@grofft  ractor.com

Stephen Slomski
Ohio DOT
Construction Administration
1980 West Broad Street
Columbus Ohio 43223
614 466 4318
stephen.slomski@dot.state.oh.us

Mark Woolaver
Vermont DOT
802 828 2593
mark.woolaver@state.vt.us



Re
po

rt
 o

f t
he

 3
rd

 W
or

ks
ho

p 
fo

r T
ec

hn
ol

og
y 

Tr
an

sf
er

 fo
r I

nt
el

lig
en

t C
om

pa
ct

io
n 

Co
ns

or
tiu

m
 (T

TI
CC

)
Tr

an
sp

or
ta

tio
n 

Po
ol

ed
 F

un
d 

St
ud

y 
N

um
be

r T
PF

-5
(2

33
)

19

Appendix C: Workshop Presentations

Th e following presentations were made at the workshop event and are provided herein in that order:
1. TTICC General Meeting Slides
2. “Rules of Th umb for Using Stiff ness-Based Testing in Earthworks” by David J. White
3. “Intelligent Compaction: Th e Initial PennDOT Experience” by Daniel E. Clark

a. Presentation Outline
b. Presentation Slides
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Rules of Thumb for Using Stiff ness-Based Testing in Earthworks
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Intelligent Compaction: The Initial PennDOT Experience
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Appendix D: Workshop Products
Th e following is a list of the products provided for the workshop participants. Th ese are included in the 
following pages. 

1. TTICC Problem Statement
2. Update on CEER–TTICC webpage and IC 101 video viewing statistics on YouTube. 
3. Report of the 1st Workshop for Technology Transfer for Intelligent Compaction Consortium 

(available for download from www.ceer.iastate.edu/tticc) 
4. Report of the 2nd Workshop for Technology Transfer for Intelligent Compaction Consortium 

(available for download from www.ceer.iastate.edu/tticc) 
5. List of Potential Intelligent Compaction Briefs, by Pavana Vennapusa and David White
6. 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 Benefi ts and Limitations of Intelligent Compaction, Wisconsin DOT 

7. GeoCongress 2014 Article, A Road Map for Implementation of Intelligent Compaction Tech-
nology, by David J. White, Pavana K. R. Vennapusa, and Mark Dunn, presented at GeoCongress 
2014 held in Atlanta, GA. 

8. Geostrata 2014 Article, Geotechnical IT Revolution: Intelligent Compaction and Beyond, by   
 David J. White. 
9. List of IC Specifi cations Developed for Soils and HMA in the United States

10. Specifi cations:
a. FHWA Asphalt IC Specifi cation 2014
b. FHWA Soils IC Specifi cation 2014
c. MnDOT Soils–Asphalt IC Specifi cation 2014
d. SHRP2 R07 Performance Specifi cations for Earthwork/Pavement Foundation 2014
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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.

6. What were the most worthwhile parts of this program?
• States’ implementation and limitations (HMA vs. soils, or both).
• Wednesday was outstanding. Th is discussions were very helpful. Daniel Clark’s presentation on 

PennDOT’s eff orts was great at sparking conversation.
• Status updates.
• PA project presentation.
• Discussions.
• Open discussions.
• Th e info from the active and recent project.
• State updates.
• PennDot experiences—more members actively engaged. Antonio’s attendance.
• State discussion of IC.
• Hearing what everyone is looking for in IC and what they want it to do for them.
• Data discussions and breakout sessions.
• Hearing about what other states were experiencing with projects.

7. What were the least worthwhile parts of this program?
• Occasional round the room dialog fi elded inconclusive debate and understanding. Encourage even 

stronger facilitation. Nicely done.
• Everything valuable.
• None.
• All was good.
• All was good.

Very 
Good

Okay Needs 
Improvement

Average 
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
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8. What other topics were you hoping would be included in today’s program?
• Aft er separating technology value from acceptance system limitations—e.g., distinguishing validity 

of a single tier random sampling program from an “info-enhanced” stratifi ed random sampling to 
better describe (and act on) subpopulations.

• Verifi cation 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 soft ware. Veda and specifi c manufacturer soft ware.

9. Do you have any suggestions for future workshop topics?
• Maybe two full days—one day with industry.
• More fi eld 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.


