Mo DOT
(—

MoDOT Publication No. TBA

MoDOT Projects No. TR201902

Consultant Support for IC-PMTPS Projects

2018 Final Report

Submitted to

Missouri Department of Transportation
1617 Missouri Blvd.
Jefferson City MO 65102

December 2018

By

The Transtec Group, Inc.
6111 Balcones Drive
Austin, Texas 78731

a
TRANSTEC GROUP



1. Report No. 2. Government Accession No. 3 Recipient Catalog No.

TBA

4. Title and Subtitle 5. Report Date

Consultant Support for IC-PMTPS Projects December 2018

2018 Final Report 6. Performing Organization Code

7. Author(s) 8. Performing Organization Report No.

George Chang, Kiran Mohanraj, and David Merritt (Transtec Group)
Victor (Lee) Gallivan (Gallivan Consulting, Inc.)

9. Performing Organization Name and Address 10. Work Unit No. (TRAIS)

The Transtec Group, Inc.

6111 Balcones Drive 11. Contract or Grant No.
Austin TX 78731

MoDOT project #TR201902

12. Sponsoring Agency Name and Address 13. Type of Report and Period
Covered

Missouri Department of Transportation (SPR)

1617 Missouri Blvd, PO Box 270 2018 Final report

Jefferson City, MO 65102-0270 14. Sponsoring Agency Code

15. Supplementary Notes

Contracting Officer's Representative: Bill Stone
Conducted in cooperation with the U.S. Department of Transportation, Federal Highway Administration. MoDOT research
reports are available in the Innovation Library at http://www.modot.org/services/or/byDate.htm.

16. Abstract

Due to the success of the MoDOT 2017 Intelligent Compaction (IC) and Infrared Scanning (IR) projects that demonstrate
the QC improvements on 13 field projects, MoDOT has established a plan that includes further IC and Paver-mounted
Thermal Profile Systems (PMTPS) projects in 2018-2019 and full implementation in 2021. To ensure the continuous
success of the MoDOT IC-PMTPS projects in 2018 and beyond, MoDOT has procured Consulting Support for the
selected IC-PMTPS projects in 2018-2019 (i.e., Phase II).

This document details the results from the 2018 IC-PMTPS Projects and recommendations for the 2019 projects.

17. Key words 18. Distribution Statement
Compaction; Infrared analysis; Paving. Intelligent compaction, thermal No restrictions. This document is
profiles, roller, paver, asphalt, overlay, quality control. available through the National

Technical Information Service,
Springfield, VA 22161.

19. Security Classif. (of this report) 20. Security Classif. (of this page) 21. No. of Pages | 22. Price

Unclassified. Unclassified. 144



http://www.modot.org/services/or/byDate.htm
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NOTE: volumes greater than 1000 L shall be shown in m*
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oz ounces 28.35 grams g
Ib pounds 0.454 kilograms kg
T short tons (2000 Ib) 0.907 megagrams (or "metric ton") Mg (or "t")
TEMPERATURE (exact degrees)
°F Fahrenheit 5 (F-32)/9 Celsius °C
or (F-32)/1.8
ILLUMINATION
fc foot-candles 10.76 lux Ix
fl foot-Lamberts 3.426 candela/m? cd/m?
FORCE and PRESSURE or STRESS
Ibf poundforce 4.45 newtons N
Ibf/in® poundforce per square inch 6.89 kilopascals kPa
APPROXIMATE CONVERSIONS FROM SI UNITS
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mm millimeters 0.039 inches in
m meters 3.28 feet ft
m meters 1.09 yards yd
km kilometers 0.621 miles mi
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mm? square millimeters 0.0016 square inches in’
m? square meters 10.764 square feet ft?
m? square meters 1.195 square yards yd?
ha hectares 2.47 acres ac
km? square kilometers 0.386 square miles mi
VOLUME
mL milliliters 0.034 fluid ounces fl oz
L liters 0.264 gallons gal
m® cubic meters 35.314 cubic feet ft
m® cubic meters 1.307 cubic yards yd®
MASS
g grams 0.035 ounces oz
kg kilograms 2.202 pounds Ib
Mg (or "t") megagrams (or "metric ton") 1.103 short tons (2000 Ib) T
TEMPERATURE (exact degrees)
°’c Celsius 1.8C+32 Fahrenheit °F
ILLUMINATION
Ix lux 0.0929 foot-candles fc
cd/m? candela/m® 0.2919 foot-Lamberts fl
FORCE and PRESSURE or STRESS
N newtons 0.225 poundforce Ibf
kPa kilopascals 0.145 poundforce per square inch Ibf/in®

*Sl is the symbol for the International System of Units. Appropriate rounding should be made to comply with Section 4 of ASTM E380.
(Revised March 2003)
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Chapter 1 - Introduction

Project Scope

Due to the success of the MoDOT 2017 Intelligent Compaction (IC) and Infrared Scanning (IR)
projects that demonstrate the QC improvements on 13 field projects, MoDOT has established a
plan that includes further IC and Paver-mounted Thermal Profile Systems (PMTPS) projects in
2018-2019 and full implementation in 2021. To ensure the continuous success of the MoDOT
IC-PMTPS projects in 2018 and beyond, MoDOT has procured Consulting Support for the
selected IC-PMTPS projects in 2018-2019 (i.e., Phase I1).

The following details the Work Plan and Project Team for the Consulting Support for 2018-2019
IC-PMTPS Projects.

This report provides a summary results of the 2018 IC-PMTPS projects and recommendations
for the upcoming 2019 IC-PMTPS projects.

Structure of this Report
This report includes the following chapters:
1. Introduction (this Chapter)
Work Plan and Activities
Pilot Innovation Technologies
Field Project Data Analysis and Results
Conclusions and Recommendations

abrown
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Chapter 2 — Work Plan and Activities

The work plan for this project includes four (4) main tasks to be performed from July 1%, 2018 to
December 31, 2019, for 18 months (NB: Project end date on January 31, 2020).

o Task 1 - Kick Off Meeting

e Task 2 - IC-PMTPS Training Courses

e Task 3 - IC-PMTPS Project Supports

e Task 4 — Final Report

e Task 5 - IC-PMTPS Feedback Meetings

The summary of the timeline of the tasks is presented in the following table.

Table 1. Summary of the timeline of the tasks

2018 2019
Jul | Aug| Sep| Oct| Nov| Dec| Jan | Feb| Mar|[ Apr| May| Jun| Jul | Aug| Sep| Oct| Nov| Dec
Months from NTP 1 2 3 4 5 6 7 8 9| 10| 11| 12| 13| 14| 15| 16| 17 18
Task 1: Kick Off Meeting

Task 2: Training Courses

Task 3: IC-IR Project Support
Task 4: IC-IR Fial Report

Task 5: IC-IR Feedback Meetings
Quarterly Reports X X X X X X

-Training, projects and schedule will be determined by MoDOT.

The followings are detailed descriptions and deliverables for each task.

Task 1 — Kick Off Meeting
The consultant project team (Consultant) shall conduct a kick-off meeting with MoDOT. The
purpose is to review the Work Plan and determine any updates or modifications, if needed.

Deliverables:
e The Consultant shall deliver the meeting minutes and updated work plan within 2 weeks from
Notice to Proceed (NTP).

The kick meeting was conducted on June 29, 2018. The project schedule and training workshop
plan were reviewed. See the meeting minutes for details.

Task 2 — IC-PMTPS Training Courses

Task 2-1: Update IC-PMTPS Protocol and Training Materials

11



Under MoDOT’s instructions, the Consultant shall update IC-PMTPS Protocol and training
materials including but not limit to:
e The Quality assurance (QA) procedure for IR temperature sensor verification (was included in the
current MoDOT PMTPS specification).
o Check list for IR field operation (same as in 2017)
o New features in Veta (including Quality Control (QC) Chart and alignment offset tool).

The IC-PMTPS workshop materials were updated based on the latest version of Veta 5.2.
Task 2-2: Conduct IC-PMTPS Training Workshops

Under MoDOT’s instructions, the Consultant shall conduct one-day long lecturer-led IC-PMTPS
training courses for key personnel involved with the selected IC-PMTPS projects. The key
personnel include but not limit to: paving contractors’ IC-PMTPS QC managers and technicians,
MoDOT resident engineers (RE) and inspectors.

The IC-PMTPS training courses will be scheduled by MoDOT as close to the start of the paving
for the selected IC-PMTPS projects. Depending on the training facilities, computers, and
trainees’ locations, the dates and locations will be designated by the MoDOT project manager to
facilitate the delivery of the training courses.

Deliverables:
e The Consultant shall deliver the updated Protocol and related materials as well as IC-PMTPS
training course materials within 2 months from NTP.
e The Consultant shall conduct one-day IC-PMTPS training courses for selected IC-PMTPS project
personnel within 18 months from NTP.

One workshop was conducted on September 7, 2018 at the MoDOT Chillicothe office. The
workshop participants include MoDOT staff and contractors from three different paving
companies.

Task 3—- 1C-PMTPS Project Supports

Under MoDOT’s instructions, the Consultant shall provide technical support to the selected IC-
PMTPS projects. The information about the candidate IC-PMTPS projects for the Project
Support is under Project Description of Chapter 4.

The level of technical support for each selected IC-PMTPS project will be determined by
MoDOT based on its specific needs with combination of the following elements:

1. Onsite Technical Support

2. Pilot Innovation Technologies

3. IC-PMTPS Data Management and Analysis

4. IC-PMTPS Reports

Task 3-1: Onsite Technical Support

12



Task 3-1 may be optional for a selected IC-PMTPS project. If elected by MoDOT, the
Consultant shall provide onsite field supports for the selected project during the first week of its
paving operation. The targeted projects are those whose contractor personnel and/or MoDOT
RE/inspectors that have no prior field experiences with IC-PMTPS projects.

Each field support includes 2 to 3 days onsite support and 2 days of travels for the Consultant.
The purpose of such onsite support is to ensure proper IC-PMTPS operations and data reviews
for the first days of paving. In case of concurrent field projects, the Consultant shall provide
separate personnel for each field site.

For each selected IC-PMTPS project for onsite technical support, the Consultant shall conduct a
project briefing with MoDOT project manager/inspector and contractors right before the Day 1
paving operation. The project briefing shall cover the check list of MoDOT IC-PMTPS project
management Protocol and address any IC-PMTPS equipment and data issues, if any. As needed,
the Consultant shall conduct just-in-time training to contractor’s and MoDOT personnel
including IC-PMTPS system/operation and Veta analysis.

As of in 2018, the research team has provided onsite field technical support for the Project No. 2
(RT 139, Putnam), 6 (RT CC, Christian), and 8 (RT 160, Greene).

Task 3-2: Pilot Innovation Technologies

Task 3-2 may be optional for a selected project. If elected by MoDOT, MoDOT will select IC-
PMTPS projects to pilot innovation technologies to advance future MoDOT IC-PMTPS
specifications. The consideration will include the availability of innovative technologies and
prototypes as well as their compatibility with Veta. See later sections for the instruction of those
innovative technologies.

Once elected by MoDOT, the Consultant will then coordinate with innovation technologies’
vendors and MoDOT staff to include the selected innovation technologies in the selected
MoDOT projects. It is anticipated that the prototype those innovation technologies will be
provided by vendors at no cost to MoDOT, while MoDOT provides only the cost for the
Consultant’s effort. For piloting purpose, the consideration may also include non-IC-PMTPS
projects that exempt from MoDOT IC-PMTPS requirements. The pilot data and results will be
for information only.

As affected by the weather delays and availability of the prototypes, the field demonstration of
the above innovative technologies is postponed from 2018 to 2019.

Task 3-3: IC-PMTPS Data Management and Analysis

Task 3-3 shall be required for all selected IC-PMTPS projects. The Consultant shall provide
technical support for IC-PMTPS data management to contractors including IC-PMTPS data file

naming convention, data submission to MoDOT SharePoint, and, etc. The Consultant shall also
conduct IC-PMTPS data analysis and assist contractors to conduct their own data analysis. The
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data analysis will also include those IC-PMTPS projects that are conducted prior to the NTP of
this Consulting Support contract (e.g., US 71).

The analysis will include data observations, statistics analysis and correlation analysis to identify
any IC-PMTPS equipment and system issues and to evaluate the quality levels of contractors’
field operations.

As of in 2018, the research team has conducted data QA for all nine (9) IC-PMTPS projects. See
later sections for further details.

Task 3-4: IC-PMTPS Reports

Task 3-4 shall be required for all selected IC-PMTPS projects. The Consultant shall produce a
concise report for each selected project. The report will also include the IC-PMTPS projects that
are conducted prior to the NTP of this Consulting support contract (e.g., US 71).

The report shall stress on the benefits and lessons learn on IC-PMTPS technologies from each
project. If innovation technologies included, the results will be reviewed to provide
recommendation for enhancing future MoDOT IC-PMTPS specification.

Deliverables:
e The Consultant shall produce individual reports for the selected IC-PMTPS projects within 18
months from NTP.

As of in 2018, the research team has produced IC-PMTPS Data Reviews documents for all nine
(9) IC-PMTPS projects which the results are summarized in the later sections

Task 4 — IC-PMTPS Final Report

The Consultant shall complete a final report for all selected IC-PMTPS projects. The format is
similar to the MoDOT 2017 IC-PMTPS project report.

Task 4-1: The Part | of the final report will include thelC-PMTPS projects completed in 2018.
Task 4-2: The Part 11 of the final report will include the IC-PMTPS projects completed in 2019.

Deliverables:
e The Consultant shall deliver the Part | of the draft final report within 4.5 months from NTP.
e The Consultant shall deliver the Part I of the final report within 6 months from NTP.
e The Consultant shall deliver the Part Il of the final report within 16.5 months from NTP.
e The Consultant shall deliver the Part Il of the final report within 18 months from NTP.

Due to the last 2018 field projects ends in November 2018, the draft 2018 final report will be
submitted by the end of 2018 and finalized in January 20109.
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Task 5 - IC-PMTPS Feedback Meetings

The Consultant shall also conduct IC-PMTPS project feedback meetings with all personnel
involved in the 2018 and 2019 MoDOT IC-PMTPS projects. The purpose is to present lessons-
learn from the projects completed in the current construction season and to discuss items for
improvement and issues to be resolved for the next construction season.
Deliverables:
e The Consultant shall conduct the first IC-PMTPS project feedback meeting designated by
MoDOT within 6 months from NTP.
e The Consultant shall conduct the second IC-PMTPS project feedback meeting designated by
MoDOT within 18 months from NTP.

Due to the availability of the research team members and holiday schedule, the 2018 IC-PMTPS
Feedback meeting will be postponed to January or February 2019.

Project Team

The project team is led by Dr. George K. Chang of Transtec Group as the principal investigator
(P1). Dr. Chang has been the leader for FHWA National Intelligent Compaction (IC)
implementation team since 2007. Dr. Chang is also the leader for the Veta development team for
the Transportation Pooled Fund Study “TPF-5(334) Enhancement to the Intelligent Construction
Data Management System (Veta) and Implementation “.

Mr. Kiran Mohanraj of the Transtec Group will serve as a Pavement Engineer (PE). Mr.
Mohanraj has been a trainer for FHWA IC workshops and provides IC-PMTPS support.

Mr. Victor (Lee) Gallivan of Gallivan Consulting will serve as Sub-contractor (SCNT). Mr.

Gallivan was formerly the FHWA project manager for the Transportation Pooled Fund Study on
Intelligent Compaction.
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Chapter 3 - Pilot Innovative Technologies

The candidate innovation technologies include those described in this chapter,

Vogele RoadScan thermal imaging system
Veta team has implemented the import feature for Vogele RoadScan data in Veta 5.2. It
allows high precision GPS. The prototype may be available in 2019. A brief description of
this innovative technology is as follows.

High-precision infrared camera with 100% measurement coverage

The heart of the RoadScan system is an infrared camera which scans the asphalt pavement
behind the screed over the entire area. What sets the system apart is its unrivalled measuring
accuracy. The VOGELE system captures grids of 25 x 25cm-sized tiles at a measuring width
of 10m. Each of these tiles contains up to 16 single measuring points which are then used to
calculate a mean value. That allows the system to capture the newly paved surface with no
gaps, and so no theoretical or computed values need to be added. The measurable
temperature range of RoadScan lies between 0°C and 250°C with a tolerance of only £2°C.

The purpose of RoadScan's other components is to capture the base temperature before
paving (pyrometer), record precise positional data (high-precision GPS receiver) and
document the wind strength and direction, ambient temperature, air pressure and humidity
(weather station available as an option).

Integration into ErgoPlus 3

Just as one would expect of VOGELE equipment, the RoadScan system is intuitive to
operate and can easily be activated from the paver operator’s ErgoPlus 3 console. The user
views the temperatures currently being recorded on the colour display, and these are clearly
visualised using thermal images and in real time. The paver operator can program the colour
scale to allow any deviation from the required temperature of the freshly paved asphalt to be
quickly identified. That makes VOGELE RoadScan an effective instrument for ensuring high
paving quality — without unduly increasing the paving team's work load.

Encrypted recording of measurement data

The measurement data obtained using RoadScan is also stored in the paver operator's
ErgoPlus 3 console. After paving, this data can be read off via an external data storage
device. At the same time, VOGELE has taken effective measures to protect the data via a
specially designed memory stick which communicates with a VOGELE interface on the
paver operator's ErgoPlus 3 console; this in turn transfers the data in encrypted form. The
data is then analysed in the office using the RoadScan Analysis web application, which
presents the data in different types of diagrams and in a map view.
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Integration into WITOS Paving

VOGELE RoadScan can also be integrated into WITOS Paving. This innovative 1T-based
tool for the process optimization of asphalt job sites helps companies to plan more
transparently and respond flexibly to interruptions in ongoing operations, significantly
increasing overall cost efficiency.

Start / Stoj 4
R S | Select Color

Set Max Temp

Weather Info
- Set Min Temp

Management
Ground Temp

Machine Control / WITOS Paving
Figure 2. Vogele RoadScan thermal imaging system: Control Panel

Trimble/Caterpillar thermal imaging system
Prototypes may be available in August 2018. It uses AASHTO ICT standard format which is

already implemented in Veta 5.2 beta. The prototype may be available in 2019. A brief
description of this innovative technology is as follows.
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PCS900 Paving Control System V3.00 supports a high-resolution thermal camera
for asphalt pavers

640 x 480 pixels

+/-2°C (+/-3.6°F) or +/-2% for ambient temperatures near room temperature

Calibrated for 50°C to 400°C (122°F to 752°F)
The thermal camera measures the surface temperature of the asphalt across the
screed

The thermal mapping data is recorded in the *.tds file

—
s

Figure 3. Trimble/Caterpillar thermal imaging system: Thermal Camera

Ensure that the camera is mounted in a secure position

Aimed in the correct direction
Free from obstruction
Minimise any vibration

N e,

Figure 4. Trimble/Caterpillar thermal imaging system

Volvo PaveAssist thermal imaging system
The prototype may be available in 2019. A brief description of this innovative technology is
as follows.

Deliver a high-quality mat surface that ensures high compact-ability and durability for the
long road ahead. Thermal Profiling monitors the paved asphalt and detects temperature
variations, helping you to ensure laid material is consistent throughout. By proactively
evaluating the asphalt thermal quality, you can swiftly identify and correct process issues.
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Figure 5. Volvo PaveAssist thermal imaging system

MOBA MCA (MOBA Compaction Assist) with Level 3-4 ICMV
MOBA MCA (MOBA Compaction Assist) with Level 3-4 ICMV (as advance IC system for
improved ICMV measurements) The prototype may be available in 2019. A brief description
of this innovative technology is as follows.

Bordcomputer

Smart-Antenna
|R-Temperature sensor

Acceleration sensor

Figure 6. MOBA MCA (MOBA Compaction Assist)
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Figure 7. MOBA MCA (MOBA Compaction Assist): Onboard Display

Caterpillar I1C system with Level 3-4 ICMV
Caterpillar IC system with Level 3-4 ICMV (as advance IC system for improved ICMV
measurements) The prototype may be available in 2019.

Caterpillar mount-on-paver GPS to generate paving boundary
Caterpillar mount-on-paver GPS to generate paving boundary. The research team has
contacted Caterpillar’s team regarding this technology.

LiDAR based scanning system to generate paving boundary
LiDAR based scanning system to generate paving boundary (e.g., TOPCON's SmoothRide
system and Pavemetric's LCMS) TOPCON has made a presentation at MoDOT couple
weeks ago and seems to have issues with IRI requirements.

GPS survey to obtain the centerline coordinates
GPS survey to obtain the centerline coordinates (Veta 5.1 would allow applying offsets from
the centerline to create paving boundary) The 2018-2019 IC-PMTP project specifications
require that latest versions of Veta.
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Chapter 4 — Field Project Data Analysis and Results

Project Descriptions

The basic project information for the 2018 IC-PMTPS projects and the contractor codes are
described as follows.

Table 2. 2018 IC-PMTPS Project Information.

2018 Job No. District County Route Contractor
Proj Code
No.
1 453153 KC Jackson 71 1
2 1L.1800B NW Putnam 139 9
3 113169 NW Harrison 35 7
4 9P3295 SE Ozark 160 10
5 oP3187 SE Cape Girardeau 61 3
6 853074 SW Christian CcC 10
7 8S3075 SW Christian M 10
8 8P3051B SW Greene 160 10
9 J5S53207 CD Callaway 54 1

Table 3. 2018 IC-PMTPS Contractor Code.

Contractors Code

Capital
Ideker
Chester Bross

Herzog

© N W N

Norris Asphalt

Leo Journagan 10
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The schedule for the MoDOT IC-IR field projects is listed in Table 4.

Table 4. MoDOT IC-IR Project Schedule

Paving
No. [Job No. |District |County Route |Start Date |End Date  |Days
1 483153 [KC Jackson |71 5/9/2018  |5/17/2018 S
2 1L1800B INW  Putnam |39 |\, 12 0018 |11/6/2018 13
3 [LI8169  NW - Harrison 35 |, 000018 [11/6/2018 13
4 9P3295 ISE |Ozark 1160 o o018 loj19/2018 12
5 |oP3187 |[SE Cape 61
Girardeau 9/19/2018 |11/3/2018 26
6 |853074 |SW  |Christian |CC |0, o918 lg/7/2018 5
7 |8S3075 SW - [Christian M o018 lg/9/2018 2
8 [8P3051B SW  (Greene 160 | ,co018 /3172018 3
9 |J583207 |CD Callaway 54 ;0010018 11/7/2018 6
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The locations of the nine (9) IC-PMTPS projects in 2018 are illustrated in the following map.

2018 O
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Figure 8. MoDOT 2018 IC-PMTPS Project Locations.
The IR and IC systems used for each of the MoDOT IC-IR field projects is listed in Table 5.

Table 5. MoDOT IC-IR Project Systems Used

No. |[Job No. |District |County |Route |[IR System IC System
1 453153 KC Jackson 71

MOBA-PAVEIR [Trimble
2 1L.1800B  |NW Putnam 139 Caterpillar/
MOBA-PAVEIR [Trimble

MOBA-PAVEIR [Trimble

3 113169 NW Harrison |35

4 9P3295 SE Ozark 160
MOBA-PAVEIR [TOPCON
5 9P3187 SE Cape 61
Girardeau MOBA-PAVEIR (Volvo

6 853074 SW Christian |CC
MOBA-PAVEIR [TOPCON

MOBA-PAVEIR |[TOPCON
MOBA-PAVEIR |[TOPCON

7 853075 SW Christian |M

8 8P3051B  [SW Greene 160

9 J583207  |CD Callaway |54
MOBA-PAVEIR |[TOPCON
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Data Analysis and Results
IR Data Analysis
Analysis Method

The IR data was analyzed using the MOBA PaveProj Program (PPM) reports as per the MoDOT
IR specification. Veta (version 5.2) analysis reports were generated for informational purposes.
Veta uses the AASHTO PP 80-17 method to compute the “Range” values by taking the
differences between the 98.5-percentile value and 1-percentile value of thermal profile data with
a given 150 ft. sublot. The areas of any paver stop, 2 ft. before and 8 ft. after, were excluded
from temperature differential computation as per AASHTO PP 80-17 specification (Figure 9).
MOBA indicates that the intention of this exclusion is to capture temperature segregation during
“normal paving operation”.

The remaining data are used to calculate the Range value, 98.5th percentile — 1th percentile
(Figure 10). The classification of temperature segregation is based on the Range value as
follows: Low (Range < 25.0 °F); Moderate (25.0 °F < Range <50.0 °F); and Severe (Range >
50.0 °F), as shown in Figure 11. The temperature segregation based on the above analysis
method does not consider the effects of paver stops.

Temperature (°F)

Exclude 2’ prior to &

8’ after the paver stop area

Figure 9: AASHTO PP80 IR Analysis Method: 10’ exclusion around a paver stop Idcation
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Temperature (°F)

150-ft Sublots

1 Percentile

34.1% 34.1%

00 01 02 03 04

Range =Tem Pog spercentile ~ TempiF’ercentile

Figure 10: AASHTO PP80 IR Analysis Method: Computation of “Range” value

150-ft Sublots Range Segregation

25°F<AF<50°F MODERATE

AF>50°F SEVERE

Figure 11: AASHTO PP80 IR Analysis Method: Segregation categories
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Analysis Examples

An example of IR data analysis from the October 22, 2018 data from J5S3207 RT 54 is shown
below. The MOBA PAVE-IR data were downloaded from the Cloud, and the corresponding
MOBA PPM screenshot shown below.

The MOBA PAVE-IR data is imported to Veta 5.2 and save as J553207-20181022-IR.vetaproj.
There are minor data points with invalid coordinates.

Import Results

181022_5BL_0.270-1.941_Data.pavepraj - Success,
Data found: 473802
Data with invalid coordinates: 168
Data added: 473634

< Back Mest = Cancel

Figure 12: PMTP Data Import to Veta
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The thermal profile data show cold edges.

Temperature (°F)
350l

Hilltop st
g
[

Hilltop st

&%
] o ol

li.]
Figure 13: Veta View Screen for PMTP Data Analysis.

Setup a filter group, J5S3207-20181022-IR. Include a data filter to exclude temperature less than
180F. Include an Operation filter that exclude cold edges (and hot bracket).

= Data Fiters = Data Filters
=) 1> 180F o [ »180F
peed Speed
Temperature
Operation Filters Temperature
Override Filters = Operation Filters
= [¥]J353207-20181022-IR

Imported file name

Sensor Location

MachineID

Data lot name

Tirme filter (unused)

Cold Edge & Ride Bracket Filter
Location Filter

Exclusions
_______ Override Filters
>180F - Temperature
Minimurm (F) T 1800 || 1563207-20181022-IR - Cold Edge & Ride Bracket Filter
Maximum () None = 0L [¥] Remove cold edges and ride brackets

Figure 14: Veta Filter Group Screen of PMTP Data Analysis.
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Apply the filter group and confirm the cold edges have been filtered out.

Figure 15: Veta Filter Group Screen of PMTP Data Analysis: after filtering.
Add 150-ft sublots.

i -
V 3@ & w- 1553207-20181022.1R * - Veta 5.2 i
-5 & :) Q B \_]? Fﬂ \?’;‘ BUINTIMER e | D Add
Project AddFide Report | Viewer  DataFides Alignmert Filten | Sublots | Spot Tests Analysis Caleulste

Select sublots for filter group:
1553207- 20181022 R

- Latitude (*): 38.889095

Sublats : g Longtuds (*): -31.962505

(1553207 - 20181002 ’ &

Detaits
Longsudinal lergth (1) 150
Start nesthing () BATETT

Start easting () 211543247

Stop nesthing () #6311

Stop easting (*) O

.l R

Figure 16: Veta Sublot Screen of PMTP

Data Analysis.
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Set up analysis:

Radius (ft)
Minirmum stop duration (minutes)
Remowve paver stop areas from analysis

Data

[] Speed
Ternperature

Analysis options
Analyze sublots

[T] Include Semivariogram

3.28

Figure 17: Veta Analysis Setup Screen of PMTP Data Analysis: Main Setup.

Analysis Setup
Temperature

Cumulative Specification

Minirmum (°F) Mone - 0.0
Maximurm (°F) Mone - 0.0
Acceptance (%) 0

Quality control thresholds
[] Use quality control thresholds
Minimum (°F)

Maximum (2F)

Differential Specification
Use differential target in sublots
Moderate start (°F)

Severe start (°F)

Moderate: At least 25 °F and less than 50 °F,
Severe: At least 50 °F.

0.0

0.0

25

30

Figure 18: Veta Analysis Setup Screen of PMTP Data Analysis: Temperature Criteria
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The coverage report shows a paving length as 8,828 ft.

Actual Area | Lenath

Thermal Profile
Paver Stops
Overall Results
Temperature
Sublot Results
Temperature

Analysis Setup Name (ft2) (ft)
Temperature 1553207-20181022-1R 230,443 8,828

Quality Control Overall Results 239,443 8,828
Sublots

Coverage

Figure 19: Veta Coverage Report Screen of PMTP Data Analysis.

The thermal profile, paver stops, and speed plots are as follows. Note that the thermal profile

width changes at 5,550ft. It is recommended to verify with the contractor.

R = L

Thermal Profile

Stop Duration
(minutes)
5

||

200

Paver Speed
= =
(=1 w
o (=]

(ft/min)

0
0 500 1000 1500 2000 2500 3000 3,500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500

Distance (ft)

Figure 20: Veta Thermal Profile/Paver Stops/Paver Speed Screen of PMTP Data Analysis.
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The paver stop maps:

V H @& e-
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Project AddFile Report | Viewer DataFiles Alignment Filters = Sublots SpotTests |Analysis Analyze
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Analysis Setup Latitude | Longitude | Distance | Stop Duration | Start Time Stop Time
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Figure 21: Veta Stop Map Screen of PMTP Data Analysis.
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Temperature differential results are as follows:

Distribution | Mean | Differentiz

Category | Count | Percent (%)

Low 17 29
Moderate 34 ob

SEVEre 3 5

Figure 22: Veta Temperature Differential Report Screen of PMTP Data Analysis.

One example of the sublots with severe temperature segregation consists of a paver stop.
vV 9 e J553207-20181022-IR * - Veta 5.2 (=&

Mo @ I B P 1 i |2 mwwsmn - p

Project AddFfile Report | Viewer | Datafiles Alignment Filters  Sublots SpotTests  Analysis Analyze
File View Filter Group Analysis
Analysis Setup T Search | & @ | @ {7} ZoomTo - [~ View - Export - | Data - Alignment -
Temperature | Latitude (°): 38.872262
Quality Control Longitude (?): -91.944779
Sublots Temperature (°F)
Coverage 25l
Thermal Profile 300 [
Paver Stops 1ch 5[]
Overall Results B 250 [
Temperature 1 ﬁ =
Sublot Results 150[ |
Temperature o]
Distribution | Mean | Differential
Category |Count | Percent (%) | [Start distance | Length |Caugo.y |Minimum ‘Maximum |Diff=renlial -
Low o x| = A =
Moderate e 66 4,350 150 Moderate 2731 3018 87
Severe 3 5 4,500 150 Moderate 2760 3058 203
Filter Group: 553207-20181022-IR e 4,650 150 Moderate 280.1 3059 2538
Data filter: > 180F 4,800 150 Moderate 2786 3105 ET)
Temperature > 180.0 °F 4,950 150 Moderate 28538 3150
Operation Filter: 1553207-20181022-IR 5,100 150 | Low 2868 068
Cold Edge & Ride Bracket Filter 5,250 150 Moderate 718 3054
]S"E‘:;':ﬁg;::"f;;g?‘:%i%;zs 5,400 150 Moderate 2754 3015
Machine ID = A406FDAS.280E2000 5,550 150 Moderate 2607 263 !
B I T e S
Sublots: J553207-20181022-1R 5,850 150 Moderate 256.9 2911 .
Langitudinal length (f: 150 5,000 150 Moderate 627 213
6,150 150 Moderate 2674 2923
6,300 150 Low 269.2 2027 E
6,450 150 Moderate 2513 2883
6,600 150 Moderate 2579 2888
6,750 150 Moderate 265.5 2953
6,900 150 Moderate 2581 2942
7,050 150 Moderate 2611 26896
7,200 150 Severe 2379 2955
L 7,350 150 Moderate 2672 2939
a .., v 7500 150 Moderate 2758 058 2

I —

Figure 23: Veta Temperature Differential Report Screen of PMTP Data Analysis: Detailed
Sublot Analysis.
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IC Data Analysis

Analysis Methods

The IC coverage analysis was based on the optimum pass count. The rolling pattern should
depend on the asphalt mix and decision by the RE and the contractor. The optimum pass count is
determined by the trial section. That may consist of vibratory passes, static passes, or a
combination of both. The “Roller Coverage” for each day of paving was classified according to

the percentage of paved area which met or exceeded the optimum number of rolling passes based
on the MoDOT Specification shown in Table 6.

Table 6. MoDOT IC Coverage Classification.

Classification

Passing >90
Moderate 0= <90
Deficient <70

The target ICMV can be determined based on the correlation between the ICMV data and
acceptance spot tests from the trial section (Figure 24). The requirements for the acceptable

correlation between ICMV and acceptance spot tests is R< 0.7 or R? < 0.5, based on most of the
international 1C specifications.

40 -
35 - .
. . Passing
Target ICMV R>0.7
25 p ! I T =g a® o_o0 - =
[ Puglet ™ .
20 Lo 0g 0 a0 © , Or
o0 g > 0.
15 - o g\,P .."30 "5",-09 G: R O 5
10 - % o * © ;
Target % Gmm
I

88.0 835 890 895 Qd.O 905 910 915 920

Figure 24: Target ICMV determined by Correlation between ICMV and Acceptance Spot
Tests from Trial Section Data.
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Note that ICMV and acceptance spot tests are often fundamentally different mechanisms and not
all ICMV methods are equal. The FHWA ICMV Tech Brief provides additional details on this
issue (FHWA-HIF-17-046).

Since ICMV is measured only with vibratory passes, the projects that use only static passes or
mix of vibratory/static passes did not have sufficient ICMV data for further analysis. When
vibratory passes are used but without companion acceptance spot tests, the target ICMV and
optimal passes can be determined based on the ICMV compaction curve where the increment of
ICMV with each subsequent pass is less than 5% (Figure 25).

21 { Target ICMV =
18 B = —
- " AICMV<5%
= 12
5 .
q -
6
3 - .
Optimal pass
0 Jbo———— I —
0 1 2 3 4 5

Pass

Figure 25: Target ICMV determined by an ICMV Compaction Curve when Acceptance
Spot Tests from Trial Section Data are Not Available.

The target ICMV coverage was based on MoDOT IC specification, as shown in Table 7.

Table 7. MoDOT Target ICMV Coverage Classification.

Classification % > Target ICMV

Not Flagged =70
Flagged <70

Based on MoDOT Specification Section 403.15 (Figure 26), during vibratory compaction, the
internal asphalt mat temperature requirement should be > 225 °F for non-warm mix or > 200°F
for warm mix paving. Consideration is given to the fact that the IC roller collects surface
temperatures while the intent of this specification is for internal temperatures.
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403.15 Compaction. After the asphaltic mixture has been spread, struck off and surface
uregularities adjusted, the asphaltic mixture shall be compacted thoroughly and uniformly by
rolling to obtain the required compaction while the mixture is in a workable condition. Excessive
rolling, to the extent of ageregate degradation, will not be permitted. A pneumatic tire roller shall
be used as the initial or intermediate roller on any course placed as a single lift. as a wedge or
leveling course. Rollers shall not be used m the vibratory mode when the nmuxture temperature 1s
below 225 F. When warm mix technology is used. as approved by the engineer. rollers shall not be
used in the vibratory mode when the mixture temperature is below 200 F .

Min Temp > 225 °F
Or
Min Temp > 200 °F (warm mix)

Figure 26: MODOT Requirement for Mat Temperatures during vibratory compaction.

The Veta analysis for the temperature requirement makes use of a data filter for vibratory passes
only and an analysis setup for the target temperature coverage (Figure 27). While as
demonstrated in Figure 27, the capability exists with Veta to exclude vibratory passes under a
given temperature. However, due to the differences between roller surface temperature
measurements and internal temperatures, these passes were not excluded for the pilot projects.

= Data Filters
= ¥Vib only
Compaction Mode
Frequency
Pass Count
My Minimum (°F) > - 225.0
Direction
Spesd Maximurm (°F) Mone =
Temperature
= Operation Filters
[¥]J9P3161-20171019-1C
Override Filters

CMV | Pass Count | Temperature | Frequency | Speed

Cumulative Specification

Acceptance (%) 100

100% of data must be = 225.0 °F,

Vib enly - Compaction Mode
Oscillation

Static Ana |}'ZE

Data Filter Temperature
Vibratory only Criteria

Figure 27: Veta Data Filter and Analysis Setup for MODOT Requirement for Mat
Temperatures during vibratory compaction.
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Analysis Example

An example of a complete IC analysis is presented below for the J5S3207 RT 54 project on
October 22, 2018.

Import the TOPCON all-passes data (PLN) files from the two IC rollers to Veta 5.2 and save as
J5S3207-20181022-1C.vetaproj. Based on the Trial Section NDG compaction curve and
information provided by the contractor, the target is 5 vibratory passes.

Compaction Curve
9
o
E’ 95 ¥
o L /.—gzrq—’ 94.4
E 94 i % ’ *
S 07934
= 9 929
£ o /'
& A
‘o 92
= /a/91.6 =
E 01 |
2 .
90 . qn1 T T T T T T 1
0 1 2 3 4 5 6 7 8
Number of Passes

Figure 28: Density Compaction Curve based on the Trial Section Data (J5S3207 RT 54).

Therefore, adjust the color palette for pass count map as follows:
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Pass Count

|

Figure 29: Veta Pass Count Screen of IC Data Analsis(JSSSZO RT 54).

Setup a filter group J5S3207-20181022-1C. Add an operation filter J553207-20181022-IC.
Add a data filter to use vibratory passes only.

= Data Filters
= Yib Only
Compaction Mode

»

Frequency
Pass Count
CCy
Directicn
Speed

m

Temperature
=] Operation Filters
= ] J553207-20181022-1C
Imported file name
Machine ID
Data lot name

Time filter (unused)
Lzcation Filter

| P [P

Vib Only - Compaction Mode

[] Oscillation

[] static
W Vibratory

Figure 30: Veta Pass Count Screen of IC Data Analysis (J5S3207 RT 54).
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Add a Location filter and define the paving boundary with the GPS boundary file.

J553207-20181022-1C* - Veta 5.2 - 2| x

(g '. 5 [ @ @l \]I_,l “ﬁ %E BST08020C -

Project AddFile Report | Viewer DataFiles Alignment Fiers| Sublots SpotTests Analysis | gy Apply filter group Create

File iew

Compaction Mode ~|[#= search \
Frequency Northing (m): 4304867.2
e T ek | Easting (m): 591556.5 ]
cov

Direction

Speed

Temperature
= Operation Filters
=[] 1553207-20181022-1C
Imported file name
Machine ID
Data lot name Individual Passes

m

Final Coverage

Time filter (unused)
Location Filter
Exclusions

Override Filters =

1553207 -20181022-IC - Location Filter
Source

Enter the coordinates for the location filter.

[ Northing {m) | Essting (m)
| 43M48700 591655
4304841.7 591650.5

] »

43048139 591649.5
43047872 5016484
43047589 5916473
4304730.6 591646.4
43047021 591645.4
43046749 5916444
43046469 5016436
43046229 591642.7
4304596.9 591641.8
43045736 5916410
43045473 5016403
43045209 5916203
4304493.7 591638.5
43044697 5916376
43044439 5016367
43044143 5916358

Figure 31: Veta Filter Group Screen of IC Data Analysis (J5S3207 RT 54).

38



Before filtering:

Figure 32: Veta Filter Group Screen of IC Data Analysis: Before Filtering (J5S3207 RT
54).

After filtering:

Figure 33: Veta Filter Group Screen of IC Data Analysis: After Filtering (J55S3207 RT 54).
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Setup 1000-ft sublots.
v QiE & e- JAS1207 OUKLOZ2IC " Veta 5.2
h - - Ve = & s
| g
! -
i o
|| i |
|
I
|
G
|
o
!
I
L

Figure 34: Veta Sublot Screen of IC Data Analysis (J5S3207 RT 54).

The core density data and GPS data are copied and pasted to the Spot Test.

ISS3207- 2018107210 * - Viela 5.7

V @@ % w-

s — — = Delete
Peoject A Fik Report Witwer Data Files gnment  Filters Sublots  Spot Tests Analyta
o g " Paste

250 m

Figure 35: Veta Spot Test Screen of IC Data Analysis (J553207 RT 54).
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Run the first-round analysis:
The Final Coverage CCV correlation with the core density is not good.

y=-205x+22939; R = 0.10; n = 4

MWeH %08 910 %12 914 %16 918 RO 22
Density

Figure 36: Veta Correlation Analysis Screen of 1C Data Analysis (J5S3207 RT 54).

The All-passes CCV compaction curve (focusing on the first 5-7 passes), CCV does plateau
around 5 passes.

ooV

i 1 2 3 4 85 & 78 9 1 oum o1 13 o4 1B % 7 om®m 1% x
Pass
data from

Figure 37: Veta Compaction Curve Screen of IC Data Analysis (J553207 RT 54).

Therefore, the target ICMV can be set at 32.
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Setup target CCV and target temperature for the analysis:

Analysis Setup Cumulative Specification
— Minimum » A 32
Pass Count
SIJE‘E‘C] Maximum Mone hd
Temperature Acceptance (%) 70

70% of data must be = 32.00.

Analysis Setup Cumulative Specification
CCvV
Minimum (°F) = - 225
Pass Count
SpE‘E‘d Maximum (°F) Mane -
Temperature Acceptance (%) 100

100% of data must be = 225.0 °F,

Figure 38: Veta Spot Test Screen of IC Data Analysis (J5S3207 RT 54).

The overall pass count coverage is 59.5% that meet the target passes — just barely passing 70%
requirement.

Filter Group: 1553207-20181022-1C
Overall Results

S+ Passes
£9.5 %

Mo passes
/0.1 %
1 Pass
0.7 %0
2 Passes
4.5 %

3 Passes
17.6 %

4 Passes
7.7 %

Figure 39: Veta Pass Count Coverage Screen of IC Data Analysis (J5S3207 RT 54).
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The target ICMV coverage is 49.75% which is less than the 70% requirement. However, due to
the poor correlation between CCV and core density, this CCV data set is not recommended to be
used for such analysis.

Statistic: Value
Mean: 33.28
Standard Deviation: 14.56 p 100
CoV (3): 44
Variance: 212.03 L
Min: 1.00 90
Max: 160.00
Sample Size: 252,006 + 80
Acceptance: Failed
Acceptance (%:): 49.75 L 70
—
=14 L 60 O
-~ 3
@ 124 n;:_,
S F50 =
£ 10 @
3 —
5 40 2
S 8; R
F30
6 -
4] F20
7] L 10
0

— T 0
20 40 60 80 100 120 140 160
ccv
|! Occurrences —— Cumulative |

Figure 40: Veta CCV Statistics Screen of IC Data Analysis (J5S3207 RT 54).

]

The target temperature coverage is 38.68%. It does not meet the MODOT’s minimum
temperature requirement of 225F.

Statistic: Value
Mean (°F): 209.3
Standard Deviation (=F): 46.05 100
CoV (%:): 22
Variance: 2,121.10 L
Min (°F): 35.6 o0
Max (°F): 343.4
Sample Size: 252,006 F 80
Acceptance: Failed
Acceptance (%): 38.68 L 70
107 60 £
2 2
5] W
c 8 Fo0 =
5 %
5 —_
S 6 40 R
O —
F30
41
F20
2 4
F10
0 0

0 50 1000 150 200 250 300 350 400
Temperature (°F)
[ Occurrences —i— Cumulative |

Figure 41: Veta Temperature Statistics Screen of IC Data Analysis (J55S3207 RT 54).
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The 1000-ft sublot results for pass count coverage is as follows.

Distribution | Mean | Acceptance |

Location | Length | Acceptance | Acceptance (%) | Min | Mean | Max | Standard Deviation | Variance | CoV (%) |Sample Size
(m) (m)

2 6 3 28,653

305 305 Failed 67.9 2 6 14 3 117 45 28,742

610 305 Failed 64.9 1 6 15 3 6.44 44 27,602

914 305 Failed 65.6 1 6 17 3 1.89 48 29,501

1219 305 Failed 64.2 1 6 15 3 6.87 45 29,267

1,524 305 Passed 70.6 1 7020 3 1041 48 28,670

1829 305 Passed B7.6 1 g 20 3 9.40 39 28,667

2,134 305 Passed 749 1 7017 3 9.57 45 28,198

2,438 250 Failed 63.6 1 6 13 2 5.85 42 22,706

Figure 42: Veta Sublot Statistics Report Screen of 1C Data Analysis (J55S3207 RT 54).

100

90 1

Acceptance (%)

0 500 1,000 1,500 2,000 2,500 3,000
Location (m)

Figure 43: Veta Sublot Statistics Report Plot Screen of 1C Data Analysis (J5S3207 RT 54).
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Summary of Results

Project No. 1-/453153, RT 71

Trial Section (5/8/2018)
Optimum Rolling Pattern: The trial section data were provided by the contractor, but no

compaction curve is provided. The rolling pattern established was 7 vibratory passes with the
one double drum roller.

A summary of IR results are shown as follows. Most of the temperature segregation was in the
“no segregation” and “moderate segregation” categories.

Table 8: Summary of IR Results (Project No. 1 - J 4S3153, RT 71)

MOBA PPM Veta*
Day Date Low Moderate Severe Low Moderate Severe

# % # % # % # % # % # %
1 5/8/2018 24 75 7 22 1 3 18 56 11 34 9
2 5/9/2018 46 82 8 14 2 4 32 63 15 29 4 8
3 5/10/2018 62 79 10 13 6 8 59 76 16 21 3 4
4 5/11/2018 57 74 17 22 3 4 49 65 25 33 1 1
5 5/15/2018 50 74 17 25 1 1 36 53 28 41 4 6
6 5/17/2018 | 63 73 19 22 4 5 45 52 33 38 8 9

Notes:

The contracors produce MOBA PPM thermal segregation report.
The research team produce the reports with Veta.
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Figure 44: Summary of MOBA PPM Temperature Segregation Report (Project No. 1 - J
4S3153, RT 71).

100
90
8
7
b
20
4
30
2
1

0
1 2 2 4 3 B

Paving Dates

Lo [

Percentage (%)
= =

o R

Hlow HEModerate B Severe

Figure 45: Summary of Veta Temperature Segregation Report (Project No. 1 - J 4S3153,
RT 71).
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Note that the roller coverage reports are missing for Day 1 due to malfunctioning of the IC
system. The roller coverage results were mixed without apparent trends of improvement.

Table 9: Summary of IC Results (Project No. 1 - J 4S3153, RT 71)

Paving days

Temperature for vibratory
Target Passes Target ICMV
No. Date passes
% Coverage |[Classification|% Coverage |Classification |% Coverage Classification
1 5/8/2018 0 Failed NA NA NA NA
2 5/9/2018 87 Moderate NA NA NA NA
3 5/10/2018 87 Moderate NA NA NA NA
4 5/11/2018 90 Moderate NA NA NA NA
5 5/15/2018 60 Failed NA NA NA NA
6 5/17/2018 60 Failed NA NA NA NA
Notes: The IC data is missing on 2018-05-08.
The contractor used the 1000-ft sublot results.
The research use the averaged overall results instead to view the trend.
The contractor did not use the Target ICMVanalysis.
The conrtactor use the target 175F of 70% compacted area for target temperature.
100 100
80 90
.. 80 80
= 70 70
]
& 60 60
o
= 50 50
S
- 40 40
0
E 30 30
20 20
10 10
0 i)
1 2 3 4 5 5]

Figure 46: Summary of Roller Coverage Report (Project No. 1 - J 453153, RT 71).

48




Project No. 2 - J1L18008B, RT 139
No trial section tests were conducted due to the use of surface leveling course.

A summary of IR results is shown as follows. Note that the contractors did not perform MOBA
PPM analysis. There was moderate temperature segregation with limited severe segregation,
except for Day No. 8.

Table 10: Summary of IR Results (Project No. 2 - J1L.1800B, RT 139)

MOBA PPM Veta*
Day Date Low Moderate Severe Low Moderate Severe

# % # % # % # % # % # %
1 10/17/2018 69 81 13 15 3 4
2 10/18/2018 88 73 24 20 8 7
3 10/19/2018 91 66 34 25 13 9
4 10/20/2018 101 71 28 20 13 9
5 10/22/2018 43 75 9 16 5 9
6 10/23/2018 112 73 29 19 12 8
7 10/24/2018 76 60 41 32 10 8
8 10/25/2018 0 0 4 67 i 33
9 10/27/2018 83 66 31 25 11 9
10 10/29/2018 112 77 27 19 6 4
11 10/30/2018 60 77 14 18 4 5
12 10/31/2018 99 73 26 19 10 7
13 11/1/2018 65 47 53 38 21 15
14 11/6/2018 31 57 19 35 4 7

* No MOBA PPM results. Veta results are used.
Notes: * All contractors Veta PDF reports consist of no temperature segregation results.
— * The research team has data QA on 20181017, 20181018, 20181019. The research team has re-run all
analysis with contractor's Veta files and provide the results.
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Figure 47: Summary of Veta Temperature Segregation Report (Project No. 2 - J1L.1800B,
RT 139).
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The followings provide a summary of the roller coverage results. There were missing data for
Day No. 10 and 11 due to malfunctioning of the IC system. The roller coverage results were
generally good except for Fay No. 3.

Table 11: Summary of IC Results (Project No. 2 - J1L1800B, RT 139)

Temperature for vibratory

Target Passes Target ICMV
No. Date passes
% Coverage |[Classification|% Coverage |Classification|% Coverage |[Classification
1 10/17/2018 98.6 Passed NA NA NA NA
2 10/18/2018 83 Moderate NA NA NA NA
3 10/19/2018 64 Failed NA NA NA NA
4 10/20/2018 87.5 Moderate NA NA NA NA
5 10/22/2018 94 Passed NA NA NA NA
6 10/23/2018 90.8 Passed NA NA NA NA
7 10/24/2018 93.4 Passed NA NA NA NA
8 10/25/2018 88.8 Moderate NA NA NA NA
9 10/27/2018 85.5 Moderate NA NA NA NA
10 10/29/2018 0 Failed NA NA NA NA
11 10/30/2018 0 Failed NA NA NA NA
12 10/31/2018 94 Passed NA NA NA NA
13 11/1/2018 93.9 Passed NA NA NA NA
14 11/6/2018 94.5 Passed NA NA NA NA

Notes:

Since only static passes are used, there are no analysis on Target ICMV and Temperature for Virbratory

Passes.

The research team has data QA on 20181017, 20181018, 20181019, 20181020, 20181029 (no data),
20181030 (no data).
Where there is no data, 0% coverage is used.
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Figure 48: Summary of Roller Coverage Report (Project No. 2 - J1L1800B, RT 139).
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Project No. 3 - J1/13169, I-35

Trial Section (10/11/2018)
Optimum Rolling Pattern: The compaction curve is shown in Error! Reference source not
found.. The rolling pattern established was 5 vibratory passes with two breakdown IC rollers.

Compaction Curve
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—=Spot 1
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0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
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Figure 49: Density Compaction Curve from the Trial Section on 10/11/2018 (Project No. 3
- J113169, 1-35)

A summary of IR results is shown as follows. Day 11’s IR data is missing.
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Table 12: Summary of IR Results (Project No. 3 - J113169, 1-35)

MOBA PPM Veta*
Day Date Low Moderate Severe Low Moderate Severe
# % # % # % # % # % # %
1 10/11/2018| 4 23 11 65 2 12 5 31 9 56 2 13

2 10/13/2018| 8 36 11 50 3 14 26 51 18 35 7 14

3 10/15/2018| 18 62 11 38 0 0 47 72 14 22 4 6

4 10/16/2018| 62 68 29 32 0 0 69 74 23 25 1 1

5 10/17/2018| 7 41 8 47 2 12 7 44 7 44 2 13

6 10/18/2018| 62 72 24 28 0 0 66 78 19 22 0 0
7 10/19/2018| 40 45 22 25 26 30 50 51 40 41 8 8
8 10/20/2018| 9 12 25 35 38 53 32 45 33 46 6 8
9 10/22/2018| 14 54 12 46 0 0 12 46 13 50 1 4

10 10/26/2018| 4 50 3 38 1 12 8 40 9 45 3 15

11 10/31/2018

12 11/1/2018 | 28 59 17 35 3 6 61 73 19 23 3 4
13 11/2/2018 | 62 82 14 18 0 0 49 65 23 31 3 4
14 11/6/2018 | 49 59 34 41 0 0 22 27 56 68 4 5

*_ Missing most of the IR Veta project results. The research team re-run all Veta analysis to obtain results.
*_ Both the PPMreport and Veta files are missing for 2018-10-31

Notes:
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Figure 50: Summary of MOBA PPM Temperature Segregation Report (Project No. 3 -
J113169, 1-35).
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Figure 51: Summary of Veta Temperature Segregation Report (Project No. 3 - J113169, I-
35). (Missing results)
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The followings provide a summary of the roller coverage results. Day No. 3 data is missing.

Table 13: Summary of 1C Results (Project No. 3 - J113169, 1-35)

Temperature for vibratory

Target Passes Target ICMV
No. Date passes
% Coverage |Classification|% Coverage |Classification |% Coverage |Classification
1 10/11/2018 99 Passed NA NA NA NA
2 10/13/2018 83 Moderate NA NA NA NA
3 10/15/2018 Failed NA NA NA NA
4 10/16/2018 60 Failed NA NA NA NA
5 10/17/2018 76 Moderate NA NA NA NA
6 10/18/2018 86 Moderate NA NA NA NA
7 10/19/2018 59 Failed NA NA NA NA
8 10/20/2018 64 Failed NA NA NA NA
9 10/22/2018 63 Failed NA NA NA NA
10 10/26/2018 48 Failed NA NA NA NA
11 10/31/2018 86 Moderate NA NA NA NA
12 11/1/2018 86 Moderate NA NA NA NA
13 11/2/2018 62 Failed NA NA NA NA
14 11/6/2018 63 Failed NA NA NA NA

Notes:

*Missing IC Veta file for 2018-10-15
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Figure 52: Summary of Roller Coverage Report. (Project No. 3 - J113169, 1-35)
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Project No. 4 - J9P3295, RT 160

Trial Section (9/4/2018)
Optimum Rolling Pattern: Based on the compaction curve of trial section data, the rolling patter
is set to be 3 vibratory passes.

Roller Passes Vs. Compaction

97.0

54.0

93.0
0 1 2 3 = 3 6 7 8 9

Figure 53: Density Compaction Curve from Trial Section 2018-09-04 (Project No. 4 -
J9P3295, RT 160).

A summary of IR results is shown as follows. The temperature segregation was mostly in “No
Segregation” and “Moderate Segregation” categories with very limited severe temperature
segregation.
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Table 14: Summary of IR Results (Project No. 4 - J9P3295, RT 160)

MOBA PPM Veta*
Day Date Low Moderate Severe Low Moderate Severe
# % # % # % # % # % # %
1 9/4/2018 25 20 87 69 15 12
2 9/5/2018 31 26 72 62 14 12
3 9/6/2018 26 22 57 49 33 28
4 9/10/2018 27 17 101 65 27 17
5 9/11/2018 64 42 67 44 20 13
6 9/12/2018 73 48 59 39 19 13
7 9/13/2018 57 35 82 50 26 16
8 9/14/2018 65 39 79 47 24 14
9 9/15/2018 53 40 56 42 23 17
10 9/17/2018 74 43 75 44 22 13
11 9/18/2018 67 44 66 43 19 13
12 9/19/2018 28 31 42 47 20 22
*There are no MOBA PPMreport.
Notes:
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Figure 54: Summary of Veta Temperature Segregation Report (Project No. 4 - J9P3295,
RT 160).
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The followings provide a summary of the IC results. The roller coverage results were excellent.
Table 15: Summary of 1C Results (Project No. 4 - J9P3295, RT 160)

Te t ibrat
Target Passes Target ICMV emperature for vibratory
No. Date passes
% Coverage [Classification|% Coverage [Classification |% Coverage |[Classification
1 9/4/2018 90.17 Passed NA NA NA NA
2 9/5/2018 88.6 Moderate NA NA NA NA
3 9/6/2018 88.2 Moderate NA NA NA NA
4 9/10/2018 92.28 Passed NA NA NA NA
5 9/11/2018 91.04 Passed NA NA NA NA
6 9/12/2018 95.64 Passed NA NA NA NA
7 9/13/2018 93.74 Passed NA NA NA NA
8 9/14/2018 95.72 Passed NA NA NA NA
9 9/15/2018 97.86 Passed NA NA NA NA
10 9/17/2018 96.88 Passed NA NA NA NA
11 9/18/2018 94.53 Passed NA NA NA NA
12 9/19/2018 88.31 Moderate NA NA NA NA
Notes: The contractor used 1000-ft sublot reports.
The research team used overal coverage reports for viewing the data trend.
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Figure 55: Summary of Roller Coverage Report (Project No. 4 - J9P3295, RT 160).
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Project No. 5 - J9P3187, RT 61

Trial Section (9/19/2018)
Optimum Rolling Pattern: Based on the density compaction of the trial section data, the rolling
pattern is determined to be 5 vibratory passes with two breakdown rollers.

Compaction Curve
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Figure 56: Density Compaction Curve of the Trial Section 2018-09-19 (Project No. 5 -
J2P3100, RT 36).

A summary of IR results is shown as follows. The Day No. 13 IR data is missing. The
temperature segregation was mixed with the worst results for Day No. 11 and 14.
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Table 16: Summary of IR Results (Project No. 5 - J9P3187, RT 61)

MOBA PPM Veta*

Day Date Low Moderate Severe Low Moderate Severe

# % # % # % # % # % # %

1 9/19/2018 | 21 62 11 32 2 6 23 70 10 | 30 0 0

2 9/20/2018 | 48 75 9 14 7 11 39 | 57 20 | 29 9 13

3 9/25/2018 | 52 59 34 39 2 2 42 | 49 38 | 4 6 7

4 9/26/2018 | 72 69 31 30 1 1 64 | 63 36 | 35 2 2

5 9/27/2018 | 28 53 19 36 6 11 14 | 27 33 | 63 5 10

6 9/28/2018 | 34 58 20 34 5 8 35 | 59 20 | 34 4 7

7 9/29/2018 | 47 62 23 30 6 8 14 | 30 20 | 43 13 28

8 10/1/2018 | 22 50 18 41 4 9 9 33 7 26 11 41

9 10/2/2018 4 57 3 43 0 0 2 50 1 25 1 25

10 10/3/2018 | 20 77 6 23 0 0 26 | 51 16 | 31 9 18

11 10/4/2018 4 24 4 24 9 53 1 6 4 22 13 72

12 10/5/2018 | 72 81 14 16 3 3 37 70 14 | 26 2 4

13 10/6/2018

14 10/8/2018 | 10 26 11 29 17 45 10 | 26 18 | 47 10 26

15 10/9/2018 | 20 43 13 28 14 30 18 | 44 9 22 14 34

16 10/18/2018| 26 37 26 37 19 27 10 | 77 2 15 1 8

17 10/19/2018| 39 65 18 30 3 5 37 | 62 22 | 37 1 2

18 10/20/2018| 8 15 25 45 22 40 12 | 22 21 | 39 21 39

19 10/23/2018| 23 59 10 26 6 15 25 | 57 9 20 10 23

20 10/24/2018| 30 59 14 27 7 14 32 | 62 11 | 21 9 17

21 10/26/2018| 8 15 30 58 14 27 16 | 32 27 | 54 7 14

22 10/27/2018| 11 21 25 47 17 32 23 | 44 22 | 42 7 13

23 10/29/2018| 36 56 21 33 7 11 39 | 59 20 | 30 7 11

24 10/30/2018| 2 40 1 20 2 40 3 75 1 25 0 0

25 11/2/2018 | 16 31 27 52 9 17 20 | 38 21 | 40 12 23

26 11/3/2018 8 19 27 63 8 19 16 | 31 29 | 56 7 13

* Veta results are for information only.

* The Veta project files submitted by the contractor use incorrect filters.

Notes: * The research re-run all Veta analysis to obtain the results.

*. Most of the Veta IC analysis has combined all lanes paved within the same day.
* 2018-10-18 Veta analysis uses only SBDL data since the NBDL raw data is missing.
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Figure 57: Summary of MOBA PPM Temperature Segregation Report (Project No. 5 -
J9P3187, RT 61).
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Figure 58: Summary of Veta Temperature Segregation Report (Project No. 5 - J9P3187,
RT 61).

The following provide a summary of the IC results. The roller coverage results were mixed
without apparent trends for improvements. There were low coverages on multiple days.
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Table 17: Summary of 1C Results (Project No. 5 - J9P3187, RT 61)

Temperature for
- Date Target Passes Target ICMV vibratory passes
% Coverage |Classification|% Coverage |Classification |% CoveragClassification

1 9/19/2018 86 Moderate 52 Failed 7 Failed
2 9/20/2018 49 Failed 51 Failed 17 Failed
3 9/25/2018 83 Moderate 37 Failed 13 Failed
4 9/26/2018 79 Moderate 43 Failed 11 Failed
5 9/27/2018 60 Failed 28 Failed 9 Failed
6 9/28/2018 59 Failed 13 Failed 19 Failed
7 9/29/2018 49 Failed 14 Failed 50 Failed
8 10/1/2018 68 Failed 9 Failed 25 Failed
9 10/2/2018 86 Moderate 13 Failed 20 Failed
10 10/3/2018 88 Moderate 16 Failed 13 Failed
11 10/4/2018 81 Moderate 15 Failed 2 Failed
12 10/5/2018 79 Moderate 37 Failed 10 Failed
13 10/6/2018 79 Moderate 14 Failed 21 Failed
14 10/8/2018 44 Failed 54 Failed 1 Failed
15 10/9/2018 44 Failed 54 Failed 1 Failed
16 10/18/2018 87 Moderate 25 Failed 1 Failed
17 10/19/2018 83 Moderate 21 Failed 0 Failed
18 10/20/2018 80 Moderate 24 Failed 1 Failed
19 10/23/2018 88 Moderate 66 Failed 54 Failed
20 10/24/2018 90 Moderate 34 Failed 0 Failed
21 10/26/2018 84 Moderate 30 Failed 0 Failed
22 10/27/2018 56 Failed 34 Failed 1 Failed
23 10/29/2018 51 Failed 26 Failed 1 Failed
24 10/30/2018 36 Failed 18 Failed 0 Failed
25 11/2/2018 46 Failed 44 Failed 2 Failed
26 11/3/2018 64 Failed 34 Failed 4 Failed

Notes:

*The contractor submitted the data files to the Shared Pointin incorrect folders.
*There are no IC summary results (e.g., roller overage) provided by the contractor.
The research team have to re-run all Veta analysis to obtain the summary results.
*The target passes are 7 vibratory passes with 3 rollers.

*The target EDV is 60 for 70% of the compacted areas.

*The minimum temperature is 225F for the vibratory passes.

* 2018-10-20 only NBDL2-3 data is analyzed due to missing data.
*,2018-10-29 IC coverage has issues due to incorrect boundary files for NBPL.
* The low compaction temperature data need to be investigated for Days 11,15-18, 20-26
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Figure 59: Summary of Roller Coverage Report (Project No. 5 - J9P3187, RT 61).
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Project No. 6 - /853074, RT CC

Trial Section (7/26/2018)

Optimum Rolling Pattern: The density compaction curve was not provided by the contractor,
though the trial section data exist. The rolling pattern is set to 7 vibratory passes with two
breakdown rollers.

A summary of IR results is shown as follows. There were no MOBA PPM reports. The Day No.
1 IR data is missing.

Table 18: Summary of IR Results (Project No. 6 - J8S3074, RT CC)

MOBA PPM Veta*
Day Date Low Moderate Severe Low Moderate Severe

# % # % # % # % # % # %
1 8/1/2018
2 8/2/2018 42 55 18 24 16 21
3 8/3/2018 46 62 18 24 10 14
4 8/6/2018 34 72 10 21 3 6
5 8/7/2018 20 57 13 37 2 6

*.Vetaresults are for information only. * No MOBA PPM results
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Figure 60: Summary of Veta Temperature Segregation Report (Project No. 6 - J8S3074,
RT CC).
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The followings provide a summary of the roller coverage results. The roller coverage is
extremely poor.

Table 19: Summary of 1C Results (Project No. 6 - J8S3074, RT CC)

Temperature for vibratory
Target Passes Target ICMV
No. Date passes
% Coverage |Classification|% Coverage |Classification |% Coverage |Classification
1 8/1/2018 0 Failed NA NA 0 Failed
2 8/2/2018 15.6 Failed NA NA 18 Failed
3 8/3/2018 25.5 Failed NA NA 14 Failed
4 8/6/2018 12 Failed NA NA 23 Failed
5 8/7/2018 93 Passed NA NA 32 Failed

Notes:

Minimum temperature for the vibratory pass is 225F.
8/1/2018 missing results.
* one of the roller temperature gauge is not functioning.
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Figure 61: Summary of Roller Coverage Reports (Project No. 6 - J8S3074, RT CC.
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Project No. 7 - J853075, RT M

Optimum Rolling Pattern: No compaction curve is provided. The rolling pattern is 7 vibratory
passes with two breakdown rollers.

A summary of IR results is shown as follows.

Table 20: Summary of IR Results (Project No. 7 - J8S3075, RT M)

MOBA PPM Veta*

Day Date Low Moderate | Severe Low Moderate Severe

# % # % # % # % # % # %

1 8/8/2018 0 0 0 0 0 0 29 71 8 20 4 10

2 8/9/2018 0 0 0 0 0 0 42 55 18 24 16 21

* Vetaresults are for information only.
Notes: * No MOBA PPM results
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Figure 62: Summary of Veta Temperature Segregation Report (Project No. 7 - J8S3075,
RT M).
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The followings provide a summary of the IC results. The roller passes coverage is either missing
or extremely poor.

Table 21: Summary of 1C Results (Project No. 7 - J8S3075, RT M)

Temperature for vibratory
Target Passes Target ICMV
No. Date passes

% Coverage |Classification|% Coverage [Classification|% Coverage |Classification

1 8/8/2018 0 Failed NA NA 0 Failed

2 8/9/2018 15.6 Failed NA NA 18 Failed

Minimum temperature for the vibratory pass is 225F.
Notes: 8/1/2018 missing results.
* one of the roller temperature gauge is not functioning.
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Figure 63: Summary of Roller Coverage Report (Project No. 7 - J8S3075, RT M).
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Project No. 8 - J 8P3051B, RT 160

Trial Section (7/26/2018)
Optimum Rolling Pattern: The compaction curve was plotted based on the trial section data as
follows. The rolling pattern is 7 vibratory passes with tow breakdown rollers.

Compaction Curve
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Figure 64: Compaction Curve from the Trial Section on 7/26/2018 (Project No. 8 - J
8P3051B, RT 160).
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A summary of IR results is shown as follows. There were missing IR results or poor results.

Table 22: Summary of IR Results (Project No. 8 - J 8P3051B, RT 160)

MOBA PPM Veta*
Day Date Low Moderate Severe Low Moderate Severe
# % # % # % # % # % # %
1 7/26/2018 | 5 56 3 33 1 11 5 56 3 33 1 11
2 7/27/2018 | O 0 0 0 17 | 100 0 0 0 0 17 | 100
3 7/31/2018 | O 0 0 0 0 0 33 79 4 10 5 12

Notes:

*. Veta results are for information only.
*7/27/2018 missing data counted as failed.

*7/31/2018 Missing MOBA PPM report.
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Figure 65: Summary of MOBA PPM Temperature Segregation Report (Project No. 8 - J
8P3051B, RT 160).
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Figure 66: Summary of Veta Temperature Segregation Report (Project No. 8 - J 8P3051B,
RT 160).
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The followings provide a summary of the roller coverage results. The roller coverage results

were inconsistent.

Table 23: Summary of IC Results (Project No. 8 - J 8P3051B, RT 160).

Temperature for vibrato
Target Passes Target ICMV P f 24
No. Date passes
% Coverage |Classification|% Coverage |Classification |% Coverage |Classification
1 7/26/2018 54.7 Failed NA NA 34 Failed
2 7/27/2018 98.3 Passed NA NA 27.1 Failed
3 7/31/2018 18.7 Failed NA NA 3.9 Failed

Notes:

Minimum temperature for the vibratory pass is 225F

*.7/31/2018 Roller 1197 operates mostly in static mode.
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Figure 67: Summary of Roller Coverage Report (Project No. 8 - J 8P3051B, RT 160).
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Project No. 9 - /553207, RT 54

Trial Section (10/22/2018)
Optimum Rolling Pattern: The compaction curve is shown as follows based on the trial section
data. The rolling pattern established was 5 vibratory passes with two breakdown rollers.

Compaction Curve
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Figure 68 Compaction Curve- Trial Section (10/22/2018) (Project No. 9 - J553207, RT 54)

Unit Weight (Nuclear Guage)

A summary of IR results is shown as follows. There was inconsistent result between MOBA
PPM and Veta for Day No. 4. Further investigation is warranted.

Table 24: Summary of IR Results (Project No. 9 - J553207, RT 54)

MOBA PPM Veta*
Day Date Low Moderate Severe Low Moderate Severe
# % # % # % # % # % # %
1 10/22/2018 22 37 35 58 3 5 19 33 32 55 17 12
2 10/23/2018 6 18 26 79 1 2 6 27 87 2 6
3 10/24/2018** 1 31 76 9 22 2 20 51 17 44
4 10/29/2018 1 8 10 77 2 15 0 0 1 8 11 93
5 11/2/2018 4 15 8 31 14 54 4 16 7 28 14 56
6 11/7/2018 2 4 42 84 6 12 3 6 39 80 7 14
Totals 36 152 35 30 126 68
*Veta results are for information only.
**Pavement too wide to pave in one pass, MOBA was not stopped/halted during backing up periods on
20181024.
There are discrapancy between the MOBA and Veta results from 20181029. The contractor's IR Veta file doesn't
Notes: not chekc the data lot name for the filter group. The research team corrected the filter and re-run the analysis to
obtain the results. It was observed that there are a lot of cold treaks in the thermal profiles. Further
investigation is waranted.
Contractor's IR Veta file on 20181102 does not check the "Remove paver stop areas from analysis". The research
team has re-run the analysis and produce the above results.
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MOBA Temeprature Segregation Report
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Figure 69: Summary of MOBA PPM Temperature Segregation Report (Project No. 9 -
J5S3207, RT 54).
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Figure 70: Summary of Veta Temperature Segregation Report (Project No. 9 - J553207,
RT 54).
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The followings provide a summary of the IC results. The roller coverages were poor for Day No.

4,5, and 6.
Table 25: Summary of 1C Results (Project No. 9 - J553207, RT 54)
Target Passes Target ICMV Temperature for vibratory
Nao Date IMNESSES
% Coverage |Classification [% Coverage |Classification |% Coversge |Classification
1 10/22/2018 /8.5 Failed 4975 Failed 38.68 Failed
2 10/23/2018 72 Maode rate 43 38 Failed B63.87 Failed
3 10/24/2018 2.3 Mode rate 289 Failed 4279 Failed
4 10/29/2018 154 Failed 43.07 Failed 58.23 Failed
5 11/2/2018 21 Failed 24 Failed 9031 Failed
B 11/7/2018 2.8 Failed 286 Failed 9014 Failed
*Daafrom Roller 2 was not recorded for 20181029 nor 20181102
The contractor's ICVetafilesfall to use "vib only™ data filter.
NOTES  IThe researh team performed data OA on the IC data analysis from all days.
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Figure 71: Summary of Roller Coverage Report (Project No. 9 - J553207, RT 54).
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Comparison of IC-IR Results

The comparison of the IR results for all projects is as follows.
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Figure 72: Comparison of IR Segregation for all projects.
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The comparison of the IR results for all contractors is as follows.
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Figure 73: Comparison of IR Segregation for projects by coded contractors.
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The comparison of the IC results for all projects is as follows.
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Figure 74: Comparison of IC Coverage for all projects.
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The comparison of the IC results for all contractors is as follows.
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Figure 75: Comparison of 1C Coverage for projects by coded contractors.

82



Project Evaluation
The field projects were evaluated on various aspects as follow.

GPS Verification
e GPS verification and record keeping has mostly been done by contractors.

GPS and Cellular Signal Coverage
e GPS and cellular signal coverage have not been serious issues.

Functioning of IC Equipment and System
e Most of IC equipment and system were functioning except for some occasions (e.g.,
setting telematic for machines to collect data and transmit data). Data loss happens on
those occasions.
e The actual issues were normally human errors instead of equipment. The roller pass count
coverage has been satisfactory to poor.

Functioning of IR Equipment and System
e Similar to those in 2017, there was only one IR system used for these projects (i.e.,
MOBA). It is expected to have more other IR systems available in 2019.
e There were still issues regarding lack of technical training and support from vendors’
dealers. Several system malfunctioning occurred.

Paving Boundary Measurements
e The paving boundary measurements were still using hand-held GPS rover which is time
consuming and labor intensive.
e There were several occasions when contractors’ make errors for the GPS boundary
measurements and record keeping.

IC Data Collection and Submission

e Most IC data collection were conducted properly.

e The data submission to the MODOT SharePoint has been issues when contractors
uploaded to incorrect folders. The research team had to spend a lot of time and efforts to
re-organize the data files and rename them according to the naming convention in the
MoDOT IC-IR Protocol.

IR Data Collection and Submission

e Most IR data collection were conducted properly.

e The data submission to the MODOT SharePoint has been issues when contractors
uploaded to incorrect folders. The research team had to spend a lot of time and efforts to
re-organize the data files and rename them according to the naming convention in the
MoDOT IC-IR Protocol.
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Other Data Collection and Submission (trial sections and core data)
e Trial section data were mostly recorded for these projects.

Completion of Check list

e Contractor’s check list is mostly completed which is the biggest improvement from those
in 2017.

e RE’s check list and diary are still missing.
e The daily paving records were only provided by several contractors.

Utilization of Full Capabilities of IC and IR Systems
e Based on the roller coverage reports, most contractors’ roller operators have not paid a lot
of attention to achieve required roller passes. It is a step back from those in 2017.
IC-IR Training Workshops

e There was only one IC-PMTP training has been conducted during the 2018 construction
season.

e Most the contractors who have been trained in 2017 have mostly forgotten the
knowledge. It took them awhile to get familiar with IC, PMTP and Veta again.
e Itisrecommended to conduct refresh classes for contractors in 20109.
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IC-IR Data Completion

There are missing IR data at several projects which may due to malfunctioning of the PMTP
systems.

There are also several missing IC data due to missing files and malfunctioning sensors (such as:
temperature sensors).

Table 26. Completion of IC-IR Data Collection.

Trial
Project Section (IR IC GPS
No. Job No. [District [County Route |Data Data [Data |Data
1 453153 |KC Jackson (71 Y Y P Y
2 1L1800B [NW Putnam [139 Y Y Y Y
3 113169 |NW Harrison |[35 Y P P Y
4 9P3295 |SE Ozark 160 Y P Y Y
5 9P3187 |SE Cape Girar{61 Y P P Y
6 853074 |SW Christian |CC Y P Y Y
7 853075 |[SW Christian |M Y P Y Y
8 8P3051B |SW Greene |160 Y P Y Y
9 J553207 (CD Callaway |54 Y Y P Y
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IC-IR Check List and Form Completion

Most Res have not submitted check list and diary.
Most contractors have performed their analyses. Though they still make errors in analysis steps
and settings, this is encouraging.

Table 27. Completion of IC-IR Check Lists and Forms.

Paving

Project |Contractor Contractor |Record Contractor |RE check
No. Code Job No. |District [County Route |CheckList |Forms Analysis |List RE Diary
1 2 453153 [KC Jackson |71 N N Y N N
2 9 1L1800B |[NW Putnam |139 Y Y Y P P
3 7 113169 [NW Harrison |35 Y Y Y Y P
4 10 9P3295 [SE Ozark 160 Y Y Y N N
5 3 9P3187 (SE Cape Girar{61 N N P N N
6 10 853074 [SW Christian |CC Y Y Y N N
7 10 853075 [SW Christian (M Y Y Y N N
8 10 8P3051B[SW Greene |160 P P Y N N
9 1 1553207 |CD Callaway |54 P P Y N N
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Chapter 5 - Summary and Recommendations

This is the second year for MoDOT personnel and local paving contractors to learn the
innovative technologies, IC and IR, via hands-on training workshops, field projects, and IC-IR
data management and analysis. The goal is still to explore the full capacity of the IC and IR
technology to improve QC and QA for asphalt paving projects — which is still room for
improvements. Until then, there are lessons learned and recommendations for the improvements
for future IC-IR implementation as described as follows.

Conclusions

From the above IC-IR project data analysis and specification reviews, the following conclusions
can be made:

The MoDOT IC-IR projects in 2018 can be considered a success in terms of building up
experiences for both MoDOT personnel and contractors.

There was only one IC-PMTP training workshop during the 2018 construction season.
There was field technical support for only two projects.

Due to lack of refresher training course, most contractors have not followed the MoDOT
IC-IR Protocol to properly manage IC and PMTP data, file naming convention, and
submit data to the correct folders in SharePoint.

There are still occasions for PMTP system malfunctioning and/or missing files.

There are still occasions for IC system malfunctioning and/or missing files.

There were issues with IC roller calibration that requires better vendor’s training to
overcome (e.g., Volvo’s EDV system).

There was still a lack of submission of check lists, forms, and paving records to the
SharePoint site.

There are surprisingly low IC roller pass coverages at many projects. Training and
education for the roller operators are key to correct that.

Recommendations
The following are recommendation to move the IC-IR implementation forward at MoDOT:

It is recommended to conduct more (refresher) training courses at the beginning of the
construction season. The (refresher) training courses should stress on the MoDOT IC-IR
Protocol for data management and Veta analysis. Most importantly, the contractors
should be educated to fully utilize the IC and PMTP systems to improve roller passes
coverage, compaction temperatures, and temperature segregation.

The PMTP technical support from vendors should be stressed to correct numerous
malfunctioning issues in 2018.

It is also recommended to encourage healthy competition for the IC-IR industry to allow
all technology solutions. More pilots of innovative technologies described in this report
are recommended. The goal is to improve those technologies (including various new and
improved solutions of IC and PMTP) for contractors.
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It is recommended to conduct annual MoDOT IC-IR and Veta training to qualify IC-IR
quality control technicians and to issue annual (or bi-annual) certificates.

It is recommended to continue the research study to gather evidence and proof for the
benefits of using the IC and PMTP technologies.
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