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DEFINITION OF PRE-MAPPING

INTELLIGENT COMPACTION
FOR PRE-MAPPING

TECHNICAL BRIEF

BACKGROUND

Inteligent compaction (IC) s an equipment-based technology to
atoey rollers are equipped with s high pracisicn global postio
iensors, an accelerometer-based messursment system. and en o
used o improve compaction controlfor various pavement matesi
subbase raterials, and asphalt materals.

WHAT IS VETA?

Pre-mapping originated as aressarchactivity on the 2008 FHWA

team sed & Saka double-drum IC roller to measure the bassbine.

the tearm late realized they coud identty the soft spotin the pre-
industry now recognizes the valus of pre-mapping the data coll
team identify potential soft spots before pavement faiure.

s of today, several state department of tanspertation (DOT) IC <

‘option or requirement.This tech biiefintends to provide the best
pre-mapping in order to clanfy s adventages end mitations.

QUALITY ASSURANCE STATEMENT

FHWA TECH BRIEF

COLOR-CODED IC MAPS
CONSISTENT VISUAL DATA INTERPRETATION

TECHNICAL BRIEF

SUMMER 2017
VEGRw TSk Mght] Ot - Veta &1
S L,Y99XAY

’

VETA~.

INTELLIGENT CONSTRUCTION m—( e

A screen shot of Veta - a map-based software tool for viewing and analyzing geospatial data.

BACKGROUND

Intelligent compaction (IC) nd paver-mounted thermal profiler (PMTP) systems have been gaining popularity
across the USA n the past 10 years to improve compaction quality and detect temperature segregation
behind pavers. On IC and PMTP systems. color-coded maps from their onboard dsplays are used extensively
for monitoring and visual inspection of collected field data and machine operation

1C and PMTP systems gather a tremandous amount of complex geospatial data that poses challenges for data
management. analysis.and reporting These issues have become the main hurdies during implementation.
Toaddress the above issues, the Minnesota Department of Transportation and the FHWA have funded

the development of the Veta software tool for IC and PMTP data viewing and analyss, Curently. the
Transportation Pooled Fund (TPF) study “TPF-5(334) Enhancement to the Inteligent Construction Data
Menagement System (Veta) and Implementation”is leading the effort for enhancing end meintaining Vetato
fadlitate the national IC/PMTP implementation.

This Tech Brief will provide guidelines for IC color-coded maps n order to ensure cleas fidld mspection of IC
maps nd interpretation of IC results

ELEMENTS OF IC SPECIFICATIONS

QUALITY ASSURANCE STATEMENT

SPECIFICATION FOR
INTELLIGENT COMPACTION

A REVIEW ON NATIONAL AND STATE SPECIFICATIONS

TECHNICAL BRIEF

SUMMER 2017

FHWA IC and In-Place Asphalt Density Field Study in Idal

BACKGROUND

Adequate anduriform compaction of road matesials, such as soils. aggregate bases,
materids, s one of the most important requirements n roadway construction ftis
for high quality of compaction to ensure long-lasting prformance. Intsligent Comp
modem vibatory rollers squpped with an integrated measursment system, an onbd
system, Global Positioring System (GPS) based mapping, and optional fesdback co
implementation stage to help improve compaction quaity control. The FHWA and
national IC guide spedications. An increasing number of state agencies have also d
speaifications. This Tach Brief will provide areview on thoss spacifications and reco
enhanc

WHAT IS ICMV?

‘Standard IC Data Viewing and Analysis using

QUALITY ASSURANCE STATEMENT

INTELLIGENT COMPACTION
MEASUREMENT VALUES (ICMV)

A ROAD MAP
TECHNICAL BRIEF

SUMMER 2017

A Double IC Roller and A Diagram of ICMV Dynamic Model

BACKGROUND

Inteligent compaction (IC) i an equipment-based technology to improve qualiy control of compaction. IC
vibtatory rollers & squipped with  igh precision global positioning system (GPS). mfias ed temperaturs sensors.
an accelsrometer-based measurament system end an onboard color-coded displey. ICis used to improve
compaction control for various pavement materials including granular and clayey sois. subbase materials, and
asphalt materials, The accelerometer-based measurement system s a core IC technology that was invented i
the early 80's andis still evalvingtoday.

Intelligent Compaction Measurement Value (ICMV) s a generic term for an accelerometer-based measrement
system instrumented on vibratory rollers as a key part of IC systems, ICMV are in diferent forms of metrics
with various levels of correlation to compacted material's mechanical and physical propstiss. The purpose of
this document s to demystify ICMV by providing a comprehensive desaription on the mechanisms of ICMV
‘and various levels of solutions as the road map for using ICMV towerds compaction monitoring control end
acceptance.




FHWA APPLICATION NOTES

BACKGROUND

INTELLIGENT
COMPACTION FOR SOIL

APPLICATION NOTES: INTELLIGENT COMPACTION
IMPLEMENTATION ON IOWA 1-80/US 65 PROJECT

In 2013, lowa DOT’s I-80 and US 65 Interchange mainline and ramp widening
project served as an intelligent compaction (IC) testing ground. The 2.5-mile
construction project in Polk County near Altoona included more than 400,000
cubic yards (CY) of soil compaction.

IOWA 1-80/US 65 PROJECT DESCRIPTION

The grading contractor provided the construction services for a field tiel comparing lowa DOT's Type A
Compaction Specification with compaction resuits from an IC roller. The sols used for the project are glaciel tl
and were placed in 8-inchlifts

The Type A Compaction Specification requires a minimum of one rollsr pass perinch depth of ach ft with a
padfoot (or sheepsfoat) roller with pad projections of 6 Jainches or more. Thematerial must be compacted
until the roller is supported entirely on its feet which s defined as when the tamping feet penstrate no more
than 3inches into an 8-inch lft, or 3% of the depth of the layer being placed. The specification requires
qualty control (QC) testing every 1300 CY to evaluate the moisture content and n-place density using a
nuclear density gauge (NDG).

The project included the use of a padfoot single drum roller weighing more than 12 tons (T} a Real Time
Kinemnatic (RTK) Global Positioning System (GPS).IC data flow protocol whichidentifies the data to be
reported. data format for electronic submission, and daily data submittal: & teststrip for calibration: and proof
area mapping for quality acceptance. During procfing runs or mapping, the IC roller operation nesds tobeat
constant speed and vibration settings frequency and ampltude) in the forward direction.

BACKGROUND

INTELLIGENT
COMPACTION FOR
ASPHALT PAVING

APPLICATION NOTES: INTELLIGENT COMPACTION
IMPLEMENTATION ON SITKA AIRPORT PROJECT

With tractrional rolitng gfforts, some areas of the asphalt mat do not recetve
total coverage. CoNtractors can use inteitigent compaction (IC) to ensure the

entire asphalt mat gets the correct amount of compaction gffort.

USE ON THE SITKA
AIRPORT PROJECT

et cormpmc3on s requred 2arg
bt parg per S specifications for
e Setha Rocky Cusenes Arport Runwey
Overlay Proyect. Thia project requased
g i nch of S ccnting rurmesy and
pawing 1 inches on the milled surface.
The runeary was dosed rightly. and
reopened sach morming, Al work had 3o
completed duing the hous of 100 pm
HOem

1 woex bntec] ax 20 e i the contact. Per the specfications. one I roller was reguired per pever The
contract requared echwlon peving, 0 twe I solers wars used The stncherd FHWA IC spectfcation s
e

Thae Contracton, Kovk
Consrucson Co. Inc. (Knkl.
e Wirtgen/ HAMM Tardern
HO+ 140 VO X fecllers. The
I rollers were uned n the
v emkrdomn rolling pouson
The onboasd dmpley we wed
% moniior pas counts and
Sermperataes in sl S
Tha was partcubuty e for
rught paving, 1t was wery dack
e rolrg e ware dffcdt
0 see Both roller cpesston
e tht hued # rot been
or the read trme moneorng o
roller postion |pas counta) &
woudd have been mpossisie
o gusartes &l coverage of
the naphadt mat.
Screensia of dete tn Vedo softwere.




FHWA IC WORKSHOPS
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US NATIONAL IC GUIDE SPECS

FHWA Soils/Asphalt IC

AASHTO PP 81-17 & Data Spec.

Generic - IC Specifications for Soils June 2011

DOT to modify as applicable to meet State Specifications

June 2011 Generic - IC Specifications for HMA

DOT to modify as applicable to meet State Specifications

Intelligent Compaction Technology for Soils Applications Intelligent Compaction Technology for HMA Applications

DESCRIPTION DESCRIPTION

This work shall consist of the construction of the Hot Mix Asphalt (HMA) utilizing
Intelligent Compaction (IC) rollers within the limits of the work as described in the plans. ICis
defined as a process that uses vibratory rollers equipped with a measurement/documentation
system that automatically records various critical compaction parzmeters correlated to agency

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

Standard Practice for

Intelligent Compaction Technology
for Embankment and Asphalt
Pavement Applications

Standard Specification for

File Format of Intelligent
Construction Data

system that ly records various critical correlated to agency
standard testing protocols m real time during the compaction process. IC uses roller vibration
measurements to assess the mechanistic soils propernes and 10 ensure optimum compaction is
achieved through continuous monitoring of the operations. Addiional mformation on the IC
technology may be found on the website www.intelligentcompaction com and from the
Transportation Research Board - NCHRP Report 676 on Intelligent Soil Compaction Systems.

standard testing protocols in real time during the compaction process. IC uses roller vibration
measurements to assess the mechanistic properties to ensure optimum compaction is achieved
through ing of the op Additional on the IC technolog;
may be found on the website www.mrellizentcompaction com and from the Transportation
Research Board - NCHRP Report 676 on Intelligent Soil Compaction Systems.

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 best
location in the paving operations for the IC roller is in the breakdown position and can be used
with non-IC rollers.

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 EQUIPMENT

The IC rollers shall meet the following specific requirements: The IC rollers shall meet the following specific requirements:

. 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.

IC rollers shall be self propelled single-drun vibratory rollers equipped with
accelerometers mounted i or about the drum to measure the interactions between the
rollers and compacted matenials in order to evaluate the applied compaction effort.
Rollers may be smooth or pad footed drums.

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

. 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 matenials.

The IC rollers shall include an itegrated on-board documentation system that is capable
of displaying real-time color-coded maps of IC measurement values including the
stifffiess response values, location of the roller, sumber of roller passes, machine settings,
together with the speed, frequency and amplitude of roller drums. The display unit shall
e capable of transfeming the data by means of a USB port.

. 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, machmne settings,
together with the temperature, speed and the frequency and amphitude of roller drums.
The display unit shall be capable of transfermng the data by means of 2 USB port.

-

Roller mounted GPS radio and receiver units shall be mounted on each IC roller. RTK-
GPS radio and receivers are required to monitor the location and track the number of

-~

Roller mounted GPS radio and receiver units shall be mounted on each IC roller. RTK-

AASHTO Designation: PP 81171
Tech Section: Sc, Quality Assurance and Environmental
Release: Group 1 (April 2017)

AASHTO Designation: MP NN-16"

GPS radio and receivers are required to monitor the location and track the number of

passes of the rollers.
passes of the rollers.

AASHIO

American Association of State Highway and Transportation Officials
444 North Capitol Strest MW, Surte 249
‘Washington, DU, 20001
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Washington, D.C. 20001
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US DOT IC PROJECTS
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Percent of MnDOT Projects meeting
project selection requirements.
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TPF STUDY - IC DATA MANAGEMENT

TPE TRANSPORTATION POOLED FUND PROGRAM TPF-5(334)

Home | About TPF | How to Participate | Open Solicitations | Search | Forms | Success Stories | Related Links | Email Alerts

Home = Home = Search Solicitations and Studies = Study Detail View Study Detail View

Study Detail View
Enhancement to the Intelligent Construction Data Management System (Veta) and Implementation

General Information

Study Number: TPF-5({334) Status: Cleared by FHWA Contract/Other Number:
Lead Agency: Minnesota Department of Transportation Last Updated: Sep 19, 2016
Contract Start Date: Est. Completion Date: Contract End Date:
Partners: x , AK , AL , CA, CT, GA, ME, MN , MO , MS , NY , OR , PA

Contact Information:

Lead Agency Contact(s):
Debra Fick
deb.fick@state.mn.us
Phone: 651-365-3759

FHWA Technical Liaison(s):

Richard Duwval
Richard.Duval@dot.gov
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STANDARD IC SOFTWARE - VETA
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STANDARD VETA ANALYSIS
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IDENTIFY WEAK AREAS
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N Pre-Mapping Subbase
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|IC IDENTIFIES CAUSES OF FAILURES

Core-at-Location-160+74-(fail)

Pass Count

Failed density
due to static passes

=~a= Passed density
with vib passes
Aided using IC

Courtesy of Rebecca Embacher, MnDOT



|IC IMPROVE ROLLING PATTERNS

Before

TPF IC Study — IN Site




|IC IMPROVES CONSISTENCY OF COVERAGE

30%
Increase in
ompaction
Efforti w
Lift 1 without IC Lift 2 with IC
< 3 Passes: 31% < 3 Passes: 10 %
2 3 Passes: 69 % 2 3 Passes: 90 %

COV:71% COV: 55%

Courtesy of Rebecca Embacher, MNnDOT



INTELLIGENTCOMPACTION.COM
INTELLIGENT COMPACTION oo cronrc [EARNIC  VETA  EQUIPENT  PROUECTS  SUPPORT

>y o

U106

MNDOT IC IMPLEMENTATION AND TPF-5(334) FOR VETA MINDOTIC

Implementation Plan

IC Support Veta Upgrade Learn IC in a Day Specifications

View helpful info and contactus  Download the latest version of Attend an IC workshop and View and download asphalt and
for support at our IC Technical Veta, the IC data management learn how to use IC to ensure soils IC specifications.
Support Service Center. and analysis software. longer pavement lives.




THE FHWA TSSC WEBSITE

U5, Department of Transportation

Federal Highway Administration About Resources Briefing Room Contact Search FHWA 'T - 4 @ m 'in'

Construction

Contract Administration Technologies and Innovations

3D Engineered Models e-Construction Fartnering Accelerated Construction Intelligent Compaction Slide-in Bridge Consfruction

Specifications

Home [/ Proegrams [ Construction f Technologies and Innovations [ 1C f Support

Intelligent Compaction

More Information

. . * Highway Construction
IC Technical Support Service Center

» Pavement Technology
At the Intelligent Compaction Technical Support Service Center (IC T3SC), you can request support and view the IC knowledge base. The knowledge base Contacts
contains frequently asked guestions (FAQ), documentation, workshop information, and IC project information.

= Antonio Nieves
ver voicemail messages Office of Asset Manar

We provide email and phone support through the IC TS5C Monday - Friday from 8:00am to 5:00pm Central Standard Time. We ans X .
ith the exception of messages left in the system on Fridays-we'll answer those voicemails the next business day. Pavements. and Construction

within a 24-hour time period w

Call +1 (512) 659 1231 for support with any |C-related topic, including: general {IC equipment/systems/GPS), spec
management software.

cations, workshops, and Veda data E-mail Antonio

Michael Arasteh
' i i i Resource Center (Baltimore!
To contact us about IC or Veda for any reason, please submit an IC support ticket.

E-mail Michael
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e days a week (Monday Frlday)
* 8:00am to 5:00pm CST
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AASHIO

Q Federal Highwany: Adrministration

SHRP2 Pavement Solutions
RO6C RAPID TECHNOLOGIES TO ENHANCE QUALITY
CONTROL OF ASPHALT MIXES ROADWAY WORKSHOP

DESCRIPTION

The: Federal Highway Administration (FHWA) and
the American Association of State Highway and
Transportation Officials (AASHTO) are pleased 1o
offes wour state DOT the oppontunity b host &
nalif-day workshop to highlight the use of pawer
mounied thermal profler fechnology to improve
the uniformity of asphalt concrete mixiures being
= in your slate. The agenda for this
workshop event will inchede project team
presentations, agency and conbrachor
perspectives highlighting the application, bensfits,
and lessons kkamsd from several fisld
demonstration projects, This autreach activity will

dissaminate informaticn about the techniguses and

methods successiully used by State DOTS to
ncraase the wniformity of asphalt concrete mats
1o @tend the e of asphalt pavements

TARGET AUDIENCE

Tha largel avdience is Stale Highway personnel,
contractors, and others involved in the placemsnt
of asphalt concrete mixtures.

QUTCOMES
At the end of the event, workshop paricipants will
b= farniliar with:

i

The SHRF2 ROSC research and products,
including the paver mounted thermal profiler
State DOT's construction practices
The various ROEC field dermanstration
ropects built around the U.S
:ontractor and Agency perspectives on the
use of themal profilers for @A and GC
Parficipants will also have the cpparunity te
paricipate in Q34 sessions with the project beam
and local officials.

INFORMATION
Feor mone information abaut the Workshop
and other ROSC opportunifies, please contact

FHWA: Steve Cooper
Tel: 443-257-7145
S J Coopers

AASHTO: Kate Kurgan
Tel: 202-B24-3535
kkurgangaashio.on

ARA: Harold Von Quintus
ROEC Subject Malier Expart
L]

ARA: Joe Reiter
ROGC Project Team
Tel: 217-358-4500

jreifer@ara, com




Preliminary Agenda

Objectives of the RO6C— Paver Mounted Thermal Profiler Workshop are to: (1) discuss the value added by using Thermal Profiler technology (what it is, why should you care, how this
affects your bottom line, how do you get there), and (2) present a summary of the results from the field demonstration projects. The workshop is targeted both to contractor and

agency personnel.

Time Topic/Presentation Speaker
8:00 Registration
8:30 Call to Order Host Agency
8:30to 8:40 Welcome and Introductions Host Agency, FHWA and AASHTO
8:40to 9:15 Introduction to Infrared Technology: What is it and Why is it Needed? ARA
9:15t0 9:45 Equipment and Software Demonstration: Getting Real Time Information for Equipment Supplier and/or ARA
Decision Making
9:45 to 10:30 Field Demonstration Projects: What was Learned? ARA
1.  Application and Use
2.  Comparison of Differing Paving Operations/Equipment
10:30to 11:45 Break
10:45to 11:15 Perspectives of the IR Scanner as a QA Tool: ARA

1.  Reducing Risks
2.  Trouble Shooting Tool
3.  Training

11:15t0 11:45

Implementation:
1. Lead Agency Strategies/Specifications
2. QCPlan and Paving Operation Management
3. Comments from Contractor and Agency Personnel

Contractor/Agency and/or ARA

11:45t012:10

Products from Study:
1.  Primer for Paver Mounted Thermal Profiler
2.  Case Study Reports from Demonstration Projects
3.  Updated Specification: Improving the Mat.
4. Lessons Learned

ARA

12:10t0 12:30

Questions/Answers and Closing Comments and Wrap-up

Host Agency, FHWA, and ARA

12:30to 1:00

Ground Penetrating Radar Presentation and Demonstration (Optional)

GSSI




GAPS - concerns, goals, potential solutions

Return on Investment
Train-the-trainer
Field Demo

. Retrofit Optimization

Field data (Error recognition, solution
protocol, and corrective action)

. VETA implementation
/. Forensic Investigation

COESECE NS
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GAPS - concerns, goals, potential solutions

* Even though there are 29 States have implemented IC at
different paces and levels, most DOTs still faced many
obstacles when starting, or during the process of
iIncorporating IC In to their specifications.

* The main obstacle is lack of understating of technology,
technical support and training for IC, PMTP, and Veta.

* Veta Is an essential software tool for managing IC data as
required in the national standard AASHTO PP81, and

several state DOT specifications.




GAPS - concerns, goals, potential solutions

 Examples of DOTs who have started implementation and in
need of training are AL, AZ, CT, IL, KY, ME, MO, MS, ND,
NY, OH, OK, TN.

« Example of DOTs who started the implementation of
IC/PMTP, but have been stagnated are NM, PA, TX, VT.

« Caltrans, as a national leader, is challenged with the IC
certification/qualification process and further implementation
of the technology due to lack of training and technical

support.




GAPS - concerns, goals, potential solutions

* The “GOAL” Under the leadership of
FHWA, to implement IC similar to
programs such as International
Roughness Index (IRI) for smoother
roads.




Ongoing Research

* NCHRP 24-45 “Evaluating Mechanical Properties of Earth
Material During Intelligent Compaction.”

* Goal - To develop procedure(s) that measure mechanical
properties of earth materials to facilitate adoption of IC
technologies for field acceptance.

 OH, MI, MN, and IL Field Projects
* This project anticipated to be completed by end of year 2019.




Future Research

e “Evaluation of high levels of Intelligent Compaction
Measurement Values (ICMV)” as per Road Map described

in the

e GOAL - To create a research product that will elevate the
usage of IC with higher quality of measurements and lay
the foundation for future IC certification, and the overall

technology.



http://www.intelligentcompaction.com/downloads/EDC/Tech-Brief-ICMV-20171219.pdf

Future Research

e “Evaluation of Reference/Standard Intelligent Compaction
Rollers.”

e GOAL - To identify and qualify reference and standard IC
rollers capable of directional vibration for the use in
future IC certification programs.




AASHTO IC related specifications

« AASHTO PP81-17: Standard Practice for Intelligent
Compaction Technology for Embankment and Asphalt
Pavement Applications.

« AASHTO MPNN-18: Standard Specification for File
Format of Intelligent Construction Data. It is a draft
standard as a companion standard to PP81-17 to provide
a standard for data exchange and storage.

e« AASHTO TCCC Courses




Future AASHTO Activities

* “Development and Implementation of IC Certification
Programs and associated AASHTO specifications.”

IC equipment/system Certification

|IC setup,
|C operators,
|IC data management/analysis/report with Veta.

* “Train-the-Trainers Program.” An intensive program
to equip DOT engineers with IC knowledge and
hands-on experience in order for them to train their
staff and contractors.

&



ICMV Road Map

Thank youl!

Michael Arasteh

Technical Committee member of IICT

PAVEMENT AND MATERIALS TEAM, FHWA
Michael.Arasteh@dot.gov



