Digital As-Built (DAB)
and Workflow of

Pavement Construction

2026 MTC&E ISIC Track
March 18-20, 2026 - Minneapolis, Minnesota

International Society
For Intelligent Construction




Contents

EXE CUTIVE SUMIMIAIY . ittt ettt e et e e e ettt e e e eaeaetetetetesassnsnsnenenssessassarasns 3
(TR oo [UTox 1o o PPN 5
2026 MTCRE ISIC TRACK ... ettt et ettt ettt et et e et et e et et e eaeeene e enneeenaeennns 5
What IS ISIC? ..ttt et e e eaeeaees 5
ISIC TRACK = Learning ObjJeCHIVES c.cuiuiiiiiiii ettt e e e e ae e an s 5
ISIC TRACK — AZENAA ..eeiiiiiieiie ettt ettt e e e e et e ea e eena s 6
Yoo L Gl o =T o T =] o] 1)V PP 8
YT o] gl BT o 1] o (o] o 1< TP 12
ISIC Track 01 - Introduction and OVEIVIEW........cccvuieiiuiiiiiiiiiiiiiiiiicc e 12
ISIC Track 02 - DAB from the Material Delivery Management System (MDMS) ............... 14
ISIC Track 03 - DAB from 2D/3D MilliNg ......ccuuiiiiieiiiiieeiieeie et e e eeane 16
ISIC Track 04 — DAB from 2D/3D Paving and Thermal Profiling.........cccceevviviiieiininiininnnn.n. 17
ISIC Track 05— DAB from Intelligent CoOmpPaction .......ccveiiiiiiiiiiiiiieiier e ee e 19

ISIC Track 06 — DAB for Living Models in Asset and Pavement Management Systems .... 20

ISIC Track 07 - DAB for Improving Construction QC and QA......c.oeiiiiiiiiiiiiiiiiieeeeaeen, 22
ISIC Track 08 - Complete Paving DAB Workflow EXamplesS.....ccccviviiiiiiiiiiiiiiiniiinineeenne. 24
ISIC Track 09 — Open Panel Discussion & Closing Remarks.......cccovveeviiieiiienininninennenen. 26
01 (o F] [aT=4 2{=T 0 F= 1 1 H PR 28
Appendix A — Presentation SlAeES. ....vuviiiiiiiiii e aas 30



Digital As-Built (DAB) and Workflow of
Pavement Construction

Executive Summary

The International Society for Intelligent Construction (ISIC) North America Chapter
sponsored a dedicated technical track at the 2026 Minnesota Transportation Conference
and Expo (MTC&E), held March 18-20, 2026, in Minneapolis, Minnesota. The one-day ISIC
Track focused on Digital As-Built (DAB) technologies and pavement construction
workflows, bringing together public agencies, contractors, technology providers, and
consultants to examine current practices, emerging solutions, and implementation lessons
across the pavement life cycle.

The ISIC Track addressed the growing need for accurate, interoperable, and actionable
construction data to support quality construction, effective contract administration, and
long-term asset management. Presentations highlighted how modern construction
equipment, sensing technologies, and digital delivery platforms can automatically capture
as-built data during milling, paving, compaction, and material delivery operations.
Emphasis was placed on integrating these data streams into agency systems to improve
decision-making, documentation, and lifecycle management.

Key technical sessions explored DAB workflows derived from Material Delivery
Management Systems (MDMS), 2D and 3D machine guidance for milling and paving,
paver-mounted thermal profiling, intelligent compaction, and the development of “living
models” that connect construction as-builts with asset and pavement management
systems. Case studies demonstrated how these technologies are being applied in practice
to enhance quality control and quality assurance (QC/QA), diagnose construction issues,
support payment accuracy, and improve finished pavement performance.

The track also examined organizational and contractual considerations necessary for
successful implementation, including digital scoping, project-specific electronic data,
model requirements, data standards, and interoperability among equipment and software
platforms. Agency perspectives, particularly from the Minnesota Department of
Transportation (MnDOT), provided insight into current deployment strategies,
implementation challenges, and planned transitions toward more comprehensive DAB
requirements.



The ISIC Track concluded with an open panel discussion featuring representatives from
transportation agencies, contractors, equipment manufacturers, and consultants. The
discussion reinforced the importance of collaboration, standardized workflows, and
workforce readiness in advancing intelligent construction practices. Panelists emphasized
that Digital As-Built data are no longer optional add-ons but foundational components of
modern pavement construction and management.

This report documents the ISIC Track agenda, abstracts, speaker contributions, and key
discussion themes. It serves as a reference for transportation agencies, industry
practitioners, and researchers seeking to better understand current DAB capabilities,
implementation pathways, and opportunities to improve pavement construction quality,
efficiency, and long-term asset performance through intelligent construction technologies.

Key Takeaways:

e Digital As-Built (DAB) data are foundational to modern pavement construction,
enabling accurate documentation, improved QC/QA, and stronger connections
between construction activities and asset management systems.

e Intelligent construction technologies—such as MDMS, 2D/3D machine guidance,
intelligent compaction, and thermal profiling—are already being applied
successfully to capture high-resolution as-built data during construction
operations.

e Integration and interoperability are critical success factors. Effective DAB workflows
require coordination among equipment, software platforms, agency systems, and
data standards across the project lifecycle.

e DAB supports better decision-making beyond construction, including payment
accuracy, diagnostics of construction issues, lifecycle planning, and development
of “living models” for pavement and asset management.

e Agency leadership and industry collaboration are essential to advancing adoption,
addressing implementation challenges, and transitioning from pilot projects to
standardized practice.

e Digital delivery and workforce readiness must evolve together, ensuring that project
teams have the skills, guidance, and contractual frameworks needed to fully
leverage DAB technologies.



Introduction

2026 MTC&E ISIC TRACK

The International Society for Intelligent Construction (ISIC, www.IS-IC.org) North America
Chapter sponsored an ISIC track during the 2026 Minnesota Transportation Conference
and Expo (MTC&E) from March 18th to 20th, in Minneapolis, MN, USA. The theme of the
one-day ISIC Track was "Digital As-Built (DAB) and Workflow of Pavement Construction."

MARCH 18-20 " 2026
MINNESOTA TRANSPORTATION
CONFERENCE & EXPO

What is ISIC?

The International Society for Intelligent Construction (ISIC) is a source of knowledge and
information on intelligent construction technologies for public agencies, contractors,
consultants, academia, and other relevant industries.

ISIC provides a forum for disseminating knowledge concerning collecting, analyzing, and
applying information relating to intelligent construction technologies (ICT) for
infrastructure. ICT is a combination of modern science and innovative construction
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technologies. The mission of ISIC is to promote the application of ICT across the
infrastructure life cycle: from surveying, design, construction, operation,
maintenance/rehabilitation, adaptation to environmental changes, and risk minimization.
Its mission aims to improve the quality of construction, reduce costs, and enhance safety.

The scope of ISIC encompasses all current and emerging intelligent construction
technologies across the infrastructure life cycle. The Scope includes intelligent sensing,
data analysis, decision-making, and execution. The Scope covers civil engineering,
construction machinery, electronic sensor technology, survey/testing technology,
information technology/computing, and other related fields.

ISIC TRACK - Learning Objectives

o Gain a comprehensive understanding of Digital As-Built (DAB) technologies and
their application in pavement construction workflows.



o Explore how DAB enhances quality control and assurance in construction

projects.
o Discover how DAB workflows and software technologies support updates to
asset and pavement management systems.
o Engage with perspectives from agencies, industry leaders, and contractors.
ISIC TRACK - Agenda
. Date: Wednesday, March 18th, 2026
o Format: One-day track

Morning Session (Room 13,14,15)

Time Topic Speakers Moderator

08:00 AM — ISIC Track 01 - Dr. George K. Chang Dr. George K. Chang

08:30 AM Introduction and (Transtec-Terracon) (Transtec-Terracon)
Overview

08:30 AM — ISIC Track 02 - Rebecca Embacher Dr. George K. Chang

09:30 AM DAB from the (MnDOT) (Transtec-Terracon)

Material Delivery
Management System

(MDMS)
09:30 AM — ISIC Track 03 - Tom Chastain (Wirtgen Dr. George K. Chang
10:15 AM DAB from 2D/3D Group) (Transtec-Terracon)
Milling
10:15 AM — Break
10:30 AM
10:30 AM — ISIC Track 04 — Jim Preston (TOPCON) Dr. George K. Chang
11:15 AM DAB from 2D/3D and Craig Lamarque (Transtec-Terracon)
Paving and Thermal  (Wirtgen Group)
Profiling
11:15 AM — ISIC Track 05 — Todd Mansell (Caterpillar) | Dr. George K. Chang
12:00 PM DAB from Intelligent (Transtec-Terracon)

Compaction



12:00 PM -01:00 PM Break (lunch)

Afternoon Session (Room 13,14,15)

Time Topic Speakers Moderator
01:00 PM — ISIC Track 06 — Jim Preston (TOPCON) Dr. George K. Chang
01:45 PM DAB for Living (Transtec-Terracon)
Models in Asset and
Pavement
Management
Systems
01:45 PM — ISIC Track 07 - Amanda L. Gilliland Dr. George K. Chang
02:45 PM DAB for Improving (Transtec-Terracon) and (Transtec-Terracon)
Construction QC and | Scott Fernald (Granite
QA Construction)
02:45 PM — Break
03:00 PM
03:00 PM — ISIC Track 08 - Rebecca Embacher Dr. George K. Chang
4:00 PM Complete Paving (MnDOT) and Scott (Transtec-Terracon)
DAB Workflow Fernald (Granite
Examples Construction)
4:00 PM -5:00 | ISIC Track 09 — Moderator: Curt Turgeon Curt Turgeon
PM Open Panel (MnDOT) (MnDOT)
Discussion Panels:

DOTs (MnDQOT), vendors
(Caterpillar, Wirtgen,
TOPCON),
contractors (Granite),
consultants (Transtec-
Terracon, WSB)

5:00 PM Adjourned



Speakers’ Biography
Dr. George K. Chang, P.E

President, International Society for Intelligent Construction (ISIC); Transtec Group, a
Terracon Company

Dr. George K. Chang is an internationally recognized expert in pavement
smoothness and intelligent construction technologies, with more than

: \ three decades of experience in research, practice, and

[ ) implementation. He founded the International Society for Intelligent

e ‘/'/ Construction (ISIC) to advance the application of intelligent

¥> construction technologies across the infrastructure life cycle. Dr. Chang

<
.

. has led specification development, research initiatives, and software

tool development that have significantly influenced the adoption of
intelligent compaction and construction practices worldwide. He is the developer of widely
used platforms such as ProVAL and Veta, which support pavement smoothness analysis
and intelligent construction workflows. Since 2007, he has led intelligent construction
implementation efforts across the United States and internationally, including projects in
Europe, China, and Australia.

Rebecca Embacher, M.S.

Advanced Materials and Technology Engineer, Minnesota Department of Transportation
(MnDOT); ISIC Technical Committee Member

Rebecca Embacher is the Advanced Materials and Technology Engineer
v at the Minnesota Department of Transportation. She holds a master’s
- degree in civil engineering from the University of Minnesota and has
v professional experience spanning academic research, consulting,
and agency roles. Her background includes work in pavement
engineering, materials testing, pavement design and preservation,
seasonal load limits, and construction quality. Over the past two decades, she has been
actively involved in implementing intelligent construction technologies, including machine
guidance, intelligent compaction, paver-mounted thermal profiling, e-construction,
e-ticketing, and material delivery management systems. Her work supports MnDOT’s
efforts to integrate construction data into digital delivery, asset management, and
advanced analytics platforms.



Tom Chastain
Milling Product Manager, Wirtgen Group

Tom Chastain serves as Milling Product Manager for the Wirtgen Group,
where his responsibilities include product application support, dealer
training, and contractor engagement. His work focuses on equipment
setup, model execution, and best practices for milling operations using 2D
and 3D technologies. He delivers classroom and field-based training for

dealers and contractors and supports demonstration planning in

coordination with regional representatives. Mr. Chastain is also involved with national and

local organizations dedicated to advancing construction practices and technology
adoption.

Jim Preston
Intelligent Paving Specialist, TOPCON; Treasurer, ISIC North American Chapter

Jim Preston is an Intelligent Paving Specialist at TOPCON with nearly three
decades of experience in civil engineering, construction technology, and
international markets. He began his career through internships with civil
engineering and consulting firms supporting roadway and bridge projects
for public agencies. His professional focus shifted toward field operations

and construction technology, where he has worked extensively with
equipment manufacturers and contractors. Mr. Preston is active in industry technology
committees, including ISIC and NRRA, and contributes to expanding the practical
application of intelligent construction solutions across paving and construction workflows.

Todd Mansell, M.B.A.

Product Application Specialist, Caterpillar; Vice-Chair, ISIC North American Chapter

Paving Division, where he provides training and technical consulting to

\ =% &  customers worldwide. He holds a civil engineering degree from Lakehead

{g"\ | University and an MBA from Santa Clara University. With more than 35
years of experience in the asphalt paving industry, his career has included

roles in laboratory testing, field inspection, quality control management,

training, and equipment technology development. Mr. Mansell is actively

involved in national and international paving organizations and committees supporting

innovation and quality improvement.

. Todd Mansell is a Product Application Specialist with Caterpillar’s Global




Craig Lamarque
Vice President, Head of Digital Products, Wirtgen America

Craig Lamarque leads the Digital Products organization at Wirtgen America,
with responsibility for training, technical support, and application support
across the Wirtgen Group’s digital product portfolio. He works closely
with equipment brands, dealers, contractors, and road authorities to
optimize digital solutions. Prior to joining Wirtgen, Mr. Lamarque spent 24

years with John Deere Construction in training, product support, and sales

roles, including more than a decade in strategic account management supporting major
road-building contractors.

Amanda L. Gilliland, P.E.

Senior Engineer, Transtec Group, a Terracon Company; Communications Coordinator, ISIC
North American Chapter

Amanda Gilliland is a professional engineer with extensive experience in
asphalt paving quality control and intelligent construction
implementation. She spent a decade in the construction industry as a
paving quality control manager and led the first documented use of

intelligent compaction by a contractor in Alaska. Since joining Transtec,

she has contributed to national initiatives focused on improving pavement
data quality and advancing intelligent construction practices. She has supported long-term
intelligent construction implementation programs with state transportation agencies,
including the Missouri Department of Transportation.

Scott Fernald

Construction Manager and Automation Technology Coordinator, Granite Construction; ISIC
North American Chapter

Scott Fernald is a Construction Manager at Granite Construction with 26
years of experience in the construction industry, including more than two
decades with Granite. His career includes roles as Project Engineer and
Project Manager, leading to his current responsibility overseeing asphalt

) paving operations in the Utah Region. In addition to operational

leadership, Mr. Fernald serves as Construction Technology Manager, where
he leads efforts to integrate and advance construction automation and intelligent
technologies.
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Curt Turgeon

Director, Office of Materials and Road Research, Minnesota Department of Transportation
(MnDOT); ISIC Steering Committee Member

Curt Turgeon is the Director of the Office of Materials and Road Research at
/ﬁ' the Minnesota Department of Transportation. He has played a leading
{ 1 role in advancing innovative construction technologies within MnDOT
“‘1 and across the transportation industry for several decades. His work has
¢$ focused on materials research, construction practices, and the
implementation of emerging technologies to improve project quality and
performance. Mr. Turgeon serves on the ISIC Steering Committee and

supports collaboration among agencies, industry partners, and technology providers.
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Session Descriptions

ISIC Track 01 - Introduction and Overview

Abstracts

The opening presentation of the ISIC Track introduced ISIC and provided an overview of the
Digital As-Built (DAB) and the pavement construction workflow. This ISIC track brings
together experts from agencies, industry, and academia to explore the latest
advancements in intelligent construction technologies and their application in pavement
construction.

Speakers

Dr. George K. Chang, P.E., Transtec Group, a Terracon Company -
President, ISIC

gificancies

|, pgmented redlity
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Presentation

(Cover Slide) — All slides are in Appendix A.

ISIC Track 01
Introduction and Overview

By g C'IB &

Dr. George K. Chang, PE.
Transtec Group, Inc., A Terracon Company

ISIC President = = =2

o

ISIC
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ISIC Track 02 - DAB from the Material Delivery Management System
(MDMS)

Abstracts

The presentation provided an overview of MnDOT’s Digital As-Built (DAB) process, which
uses the Material Delivery Management System (MDMS) to manage material delivery data
for construction projects. It explains the types of materials currently included in MDMS, the
data captured by contractors and the department, and how this information flows into
MnDOT’s VetaCenter platform. The system uses e-tickets, hauler data, and loading/delivery
event records—often triggered through static or mobile geofences—to document material
types, quantities, and placement locations. The captured data integrates with asset
management, design, planning, and construction to support a connected data
environment and improve accuracy, quality, and payment efficiency.

MDMS also connects lab and field test results to specific E-tickets and dump locations,
enabling diagnostics such as investigating density failures or thermal segregation using
technologies like IC and PMTP. The presentation shows how MDMS supports contract
administration, field adjustments, pay-quantity tabulations, and compliance testing. It
additionally highlights MDMS rollout schedules for bituminous mixtures and structural
concrete, including exemptions for small quantities and specific placement conditions.

Finally, the roadmap details MnDOT’s transition to requiring contractors and suppliers to
push MDMS data directly into VetaCenter beginning in the 2025-2026 timeframe, with
broader adoption planned through 2031.

Speakers

Rebecca Embacher, Advanced Materials and Technology Engineer,
MNDOT - Technical Committee of ISIC

14
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(Cover Slide) — All slides are in Appendix A.
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Digital As-Built (DAB) frbm the Material Delivery
Management System (MDMS)

Rebecca Embacher | Advanced Materials and Technology Engineer
ISIC Track — Digital As-Built and Workflow of Pavement Construction
Minnesota Transportation Conference & Expo
Wednesday, March 18, 2026
m1 DEPARTMENT OF
TRANSPORTATION

mndot.gov/
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ISIC Track 03 - DAB from 2D/3D Milling
Abstracts

This presentation focused on using 2D/3D models for milling, including Machine Setup
Best Practices — key dos and don'ts when configuring equipment to ensure accurate model
execution. Model Building - what goes into creating a constructible model, and Field
Execution —what's needed to successfully use 3D models on site, including equipment,

data flow, and crew coordination.

Speakers

Tom Chastain, Milling Product Manager, Wirtgen Group

Presentation

N/A
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ISIC Track 04 — DAB from 2D/3D Paving and Thermal Profiling
Abstracts

This presentation focused on using 2D/3D models for paving and automatic
documentation of data related to pavement thermal profiling, paving parameters, and
construction as-builts. [t will also cover data formats and storage, enabling data sharing
across different equipment and providing operators with additional information to manage
the construction process better.

Speakers

Jim Preston, TOPCON - Treasurer of ISIC North American Chapter

Craig Lamarque, V.P., Head of Digital Products, Wirtgen America

17
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(Cover Slide) — All slides are in Appendix A.
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ISIC Track 04 -
DAB from 2D/3D Paving and
Thermal Profiling

Jim Preston - Topcon
&
Craig Lamarque - Wirtgen America

IS-IC.ORG
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ISIC Track 05 — DAB from Intelligent Compaction

Abstracts

This presentation covered automatic documentation of data related to pavement

compaction, intelligent compaction, and construction as-builts. It will also cover data
formats and storage, enabling data sharing across different equipment and providing
operators with additional information to manage the construction process better.

Speakers

Todd Mansell, Caterpillar — Vice-Chair of ISIC North American Chapter

Presentation

(Cover Slide) — All slides are in Appendix A.

ISIC ==
MINNESOTA TRANSPORTATION

e CONFERENCE & EXPO

ISIC Track 05

Digital As-Builts from
Intelligent Compaction

Wednesday, March 18th, 2026
Presented by: Todd Mansell, Caterpillar

19
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ISIC Track 06 — DAB for Living Models in Asset and Pavement
Management Systems
Abstracts

This session highlighted how technology built into modern construction equipment, such
as machine control, compaction measurement, and onboard sensors, can collect valuable
as-built data. This session will demonstrate how this data can be integrated into asset and
pavement management systems, enabling owners to create "living models" that support
informed planning, maintenance, and lifecycle management decisions. Real-world
examples will illustrate the benefits and opportunities.

Speakers

Jim Preston, TOPCON - Treasurer of ISIC North American Chapter

%1SIC

DAB for Living Models in Asset
and Pavement Management

Systems

Jim Preston Topcon
and
Chuck Hixon Stantec

Presentation

20



(Cover Slide) — All slides are in Appendix A.
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DAB for Living Models in Asset
and Pavement Management
Systems

and
Chuck Hixon Stantec
ISIC
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ISIC Track 07 - DAB for Improving Construction QC and QA

Abstracts

This session highlights how DAB from modern construction equipment can improve
construction quality control and assurance. Real-world case studies will be demonstrated
to trace the causes (cool streak from PMTP, lack of roller coverage/passes from IC,
evidence of low DPS values, etc.) and determine solutions for poor or failed in-place
asphalt densities.

Speakers

Amanda L. Gilliland, P.E., Transtec Group, a Terracon Company -
Communication Coordinator of the ISIC North American Chapter

Scott Fernald, Granite Construction - Automation Technology Coordinator
of the ISIC North American Chapter

22
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ISIC Track 07
DAB for Improving
Construction QC and QA

By

Amanda Gilliland (Transtec-Terracon) and Scott Fernald (Granite Construction)

ISIC
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ISIC Track 08 - Complete Paving DAB Workflow Examples

Abstracts

The presentation outlined MnDOT’s end-to-end digital workflow for pavement
construction, emphasizing intelligent construction technologies, digital as-builts, and data
interoperability. It highlights innovations in scoping, particularly how accurate lidar, GPR,
and AMG data collection support milling, muck excavation, and pavement design. Ground
Penetrating Radar is shown as essential for determining existing layer thicknesses and
avoiding design errors, with examples illustrating issues when GPR data is missing or
unused.

Design sections describe constraints for AMG milling models, required extensions, surface
trimming, and the importance of smoothness modeling to prevent irregularities. The bid
package section explains the role of Project-Specific Electronic Data, discipline models,
and the precedence of digital documents in MNnDOT’s contract structure.

A major case study demonstrates how AMG milling with robotic total stations helped
resolve severe settlementissues on an urban project, enabling precise mill depth mapping,
controlled operations, and successful correction of roadway smoothness and drainage.
The project example shows that even with variable depths and complex urban utilities,
AMG provided accurate milling to within 0.02 ft, delivering a high-quality finished product.

Speakers

Rebecca Embacher, Advanced Materials and Technology Engineer,
MNDOT - Technical Committee of ISIC

24



Presentation

(Cover Slide) — All slides are in Appendix A.

Digital Workflow from Design to Construction for Pavements

Rebecca Embacher | Advanced Materials and Technology Engineer
ISIC Track — Digital As-Built and Workflow of Pavement Construction
Minnesota Transportation Conference & Expo

m“ DEPARTMENT OF Wednesday, March 18, 2026
TRANSPORTATION mndot.gov/
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ISIC Track 09 — Open Panel Discussion & Closing Remarks

Abstracts

The ISIC track concluded with an open panel discussion that ties its topics to perspectives
from various industry sectors. The panel members will include DOTs (MnDOT, etc.),
vendors (Caterpillar/Wirtgen/TOPCON, etc.), contractors (Granite, etc.), and consultants
(Transtec-Terracon/WSB, etc.)

Speakers

Moderator

Curt Turgeon, Director of the Office of Materials and Road Research of

MnDOT - Steering Committee Member of ISIC
@ @Dz @

Panel Members

gol
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Mr. Curt Turgeon, P.E.
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Steering Committee, ISIC 6 ¢

ISIC
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Closing Remarks

The ISIC Track highlighted the increasing role of Digital As-Built (DAB) data as a
foundational element of modern pavement construction and infrastructure management.
Across the sessions, a consistent theme emerged: intelligent construction technologies
are no longer experimental tools, but practical, deployable solutions that improve
construction quality, transparency, and lifecycle decision-making when integrated into
well-defined workflows.

Presentations and case studies demonstrated how DAB data captured during material
delivery, milling, paving, and compaction can support construction quality control and
assurance, accurate payment, and improved communication among project stakeholders.
Equally important, the discussions emphasized the value of connecting construction
as-built data to asset and pavement management systems, enabling agencies to develop
“living models” that support long-term planning, maintenance, and performance
management.

The open panel discussion reinforced that the successful adoption of DAB practices
depends on collaboration among agencies, contractors, equipment manufacturers, and
consultants. Standardized data practices, interoperable systems, and a prepared
workforce were identified as critical factors in moving from pilot implementations toward
broader, consistent use across projects and programs.

ISIC will continue to serve as a forum for sharing knowledge, experiences, and lessons
learned related to intelligent construction and Digital As-Built workflows. Readers are
encouraged to stay engaged with ISIC activities, technical resources,
and future events to support continued collaboration and the
advancement of intelligent construction practices across the
transportation industry.

P
2,

@ International Society for Intelligent Construction (ISIC) www.IS-IC.org
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2026 MTCE ISIC Track Speakers, Moderators, and Panels
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Appendix A — Presentation Slides

The presentation materials included in this appendix were prepared by the respective

speakers and remain the intellectual property of their authors. The materials are provided
for informational and reference purposes only.

Use, reproduction, distribution, or modification of these materials for purposes beyond
personal or internal review may require permission from the individual authors. Neither

ISIC nor the conference organizers grants authorization for reuse of the materials unless
explicitly stated by the speaker.
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ISIC Track 01

Introduction and Overview

By 3@ O i?%

Dr. George K. Chang, P.E.
Transtec Group, Inc., A Terracon Company
ISIC President =
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ISIC Track 01 - Introduction and Overview

Learning Objectives

N N N 4
Gain a comprehensive Explore how DAB Discover how DAB Engage with
understanding of Digital enhances quality workflows and software perspectives from
As-Built (DAB) control and assurance technologies support agencies, industry
technologies and their in construction projects. updates to asset and leaders, and
application in pavement pavement management contractors.
construction workflows. systems.
3
Time Topic Speakers
01:00 PM — 01:45 PM ISIC Track 06 — Jim Preston (TOPCON)
" " DAB for Living Models in
Time Topic Speakers Asset and Pavement
08:00AM —08:30AM | ISIC Track 01 - Dr. George K. Chang Management Systems
Introduction and Overview | (Transtec-Terracon) 01:45 PM — 02:45 PM ISIC Track 07 - Amanda L. Gilliland (Transtec-
08:30 PM —09:30 AM ISIC Track 02 - Rebecca Embacher X Terracon) and Scott Fernald (Granite
. (MnDOT) DAB for |rpprovmg Construction)
DAB from the Material Construction QC and QA
Delivery Management 02545 PM — 0§:00 PM Break
System (MDMS) 03:00 PM — 4:00 PM ISIC Track 08 - Rebecca Embacher.(MnDOT) ar!d
09:30AM — 10:15AM | ISIC Track 03 - Tom Chastain (Wirtgen Complete Paving DAB Scott Fernald (Granite Construction)
- Group) Workflow Examples
DAB from 2D/3D Milling
10:15AM — 10:30 AM Break
10:30AM - 11:15AM | ISIC Track 04 — Jim Preston (TOPCON) and 4:00 PM —5:00 PM ISIC Track 09 — Moderator: Curt Turgeon (MnDOT)
DAB from 2D/3D Paving g‘;zij’p)l-amarq”e (Wirtgen Open Panel Discussion Panels:
and Thermal Profiling DOTs (MnDOT, NDDOT), vendors
11:15PM - 12:00 PM ISIC Track 05 — Todd Mansell (Caterpillar) (Caterpillar, Trimble, Wirtgen,
TOPCON),
DAB from Intelligent
Compaction contractors (Granite, KnifeRiver),
associations (MAPA), consultants
(Transtec-Terracon)
5:00 PM Adjourned
4
32
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ISIC Track 01 - Introduction and Overview

MTC&E 2026 — ISIC Track Speakers

‘RBE RN,

Rebecca Embacher  George K. Chang Jim Preston Todd Mansell Tom Chastain
MnDOT Transtec-Terracon TOPCON Caterpillar Wirtgen Group

K
= dr’ 4 "
= &
Amanda Gilliland Scott Fernald Craig Lamarque Curt Turgeon
Transtec-Terracon Granite Construction Wirtgen Group MnDOT
ISIC
5
Design Updates/Construction Decisions
Insights
\h S S Planning
Construction results &= icaMTwir Digital Twin
' J design, planning & control
Feedback
Source: DWS
Surveys/Tests
Coune§CISWC
6

33

3/23/2026



ISIC Track 01 - Introduction and Overview

Intelligent Construction Technologies

INTERNATIONAL SOCIETY FOR INTELLIGENT CONSTRUCTION

www.IS-IC.org

Bource: Emba§r (295)

! c_

e — _—
_ ——
INTERNATH ENT CONSTRUCTION

Subcommittee No. 8
Digital-As Build

Promote the development and
implementation of Digital As-build from
Intelligent Construction Technologies

g ||ll

|

;

2 -

Virtual Roadway (BIM)

Chuck Hixon Rebecca Embacher Laikram Narsingh Todd Mansell Jim Preston
Stantec MnDOT Wirtgen America Caterpillar TOPCON
Source: ISIC I S I C
34
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Broad Definition of Digital As-Built

@ Any Construction Stages that Collect Digital As-Built (DAB) Data
) Construction Machines

3\" Construction Materials Quantities and Qualities

A Construction Processes

Q Agency Inspections and QA

ISIC

Example DAB Technologies

Source: John Deere/Wirtgen

35



ISIC Track 01 - Introduction and Overview 3/23/2026

Machines Capture Digital As-built Data

Excavator (AMG)
Motor Grader (AMG) \/
Milling Machine (3D) \ \
Trucks (w e-Ticketing) \
Pavers (w PMTP) \ \ v
Compactors (w IC) \ v
2D GPR (DPS) \
3D GPR v v
* All DABs include full-coverage geospatial information: positioning (N/E/E, L/L/E) and date-time stamps
ISIC
11
Manually Capture As-built Data
Agency grade checks
Agency material \
guantity Records
Agency material QA \
data
* All manual ABs needs to be digitized or logged digitally to combine with other DABs.
ISIC
12
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ISIC Track 01 - Introduction and Overview

» Geometry

» Excavated surface
elevations

* Quantity

» Excavated soils volume

* Quality
* NA

Source: Caterpillar/Trimble

ISIC

» Geometry

* Finished 3D surfaces
* Quantity

» Soils volume
* Quality

* NA

ISIC

37
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» Geometry
* NA
* Quantity
* Delivered Material
weights
* Quality
* NA

ISIC

» Geometry

» Milled surface elevations
* Quantity

» Milled Material Volumes
* Quality

* NA

<SIC

38
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ISIC Track 01 - Introduction and Overview

* Geometry
+ Paved surface elevations
and thicknesses
* Quantity
y \l/Jonlﬁ?nrrépaCted materlal o Source: John Deere/Wirtgen
* Quality
» Thermal segregation
» Paver speeds
 Paver stops

71SIC

e Geometry
+ Compacted surface
elevations
* Quantity
* NA
e Quality
* Roller passes/coverage
» Compaction temperature
(for asphalt)
* Stiffness (including
support condition)

<ISIC

39
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e Surface

* RTK elevations
* Quantity

* NA
* Quality

» Dielectric constant
profiles

» Estimated asphalt
densities

Source: HA

ISIC

» Surface
* Pavement Layer
thicknesses
* Quantity
* NA
* Quality
 Dielectric constant
profiles

» Estimated asphalt
densities

Source: Kontur

=|SIC

40
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Machine DAB — New Construction

Final Compacted Surface
Uncompacted Surface

Base Material Surface

Sub-Grade Surface

Existing Surface

Source: Trimble I S I C
21
Machine DAB — Rehabilitation
Final Compacted Surface
Uncompacted Surface
1 3d Milled Surface
Existing Road Surface
Source: Trimble I S I C
22

41
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FHWA EDC-2 to EDC-6
Stepping-Stones: Preexisting BIM Activities

S DayComts
e-Ticketing + Digital As-Builts

Innomhom for a Nation

on the Move

e-Construction: Electronic Data Capture
Automation

Three-dimensional (3D) Model + Schedule
(4D) + Cost (5D)
+ Postconstruction

3D Engineered Models for Construction
Intelligent Compaction (IC)

e: FHWA ISIC

Source: Transtec Group

Many Systems ONE SOFTWARE

ISIC

42
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States Fund Veta Development INTELLIGENT CONSTRUCT ON
AASHTO-Compliant

AASHIDO

W Veta/NRRA: FHWA,
linois Tollway, TPF-5
(334), TPF-5 (341),
and/or TPF-5 (486)

W DPS: FHWA, TPF-5
(443). TPF-5 (538)

Created with mopchartnet

-~ . g Source: Emba(l‘lSV\lVQT)

25

Connected Data Environment in
construction

Leverages recent

- Roverinvestments and
L e efficiencies

= * Augmented reality

» Connecting
construction
measurements

* Quicker, more
accurate payments

s . :i:. ] __j e
= m\‘

Source: Embacher (Z0 42

26

43
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Converting Veta Software to a Web-Based
Platform

Connected data environment

* Business owners receive real-time
feedback for immediate adjustments:

» Materials provided
» Material installation
» Equipment, staffing and staging

» Remove staff from hazardous
locations

. Xﬁgfwg&on of quality of materials - Vetacenter

 Help minimize potential for fraud

 Quicker payments S o0
A © (0

2026 ISIC NA Conference — Louisville, KY
7
I
ST NS
g
= o
ﬁ g
1 ISIC

44
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ISIC Track 01 - Introduction and Overview

Rest of Today’s Agenda

Room 13, 14, 15

Ti
08:00 AM — 08:30 AM

Topic
ISIC Track 01 -

Introduction and Overview

Speakers
Dr. George K. Chang
(Transtec-Terracon)

08:30 PM - 09:30 AM

09:30AM - 10:15AM

ISIC Track 02 -

DAB from the Material
Delivery Management
System (MDMS)

Rebecca Embacher
(MnDOT)

ISIC Track 03 -

DAB from 2D/3D Milling

Tom Chastain (Wirtgen
Group)

10:15AM - 10:30 AM

Break

10:30AM - 11:15AM

ISIC Track 04 —

DAB from 2D/3D Paving
and Thermal Profiling

11:15PM - 12:00 PM

Jim Preston (TOPCON) and
Craig Lamarque (Wirtgen

Group)

ISIC Track 05 —

DAB from Intelligent
Compaction

Todd Mansell (Caterpillar)

Time
01:00 PM —01:45 PM

Topic
ISIC Track 06 —

DAB for Living Models in
Asset and Pavement
Management Systems

01:45 PM - 02:45 PM

Speakers
Jim Preston (TOPCON)

ISIC Track 07 -

DAB for Improving
Construction QC and QA

02:45 PM - 03:00 PM

Amanda L. Gilliland (Transtec-
Terracon) and Scott Fernald (Granite
Construction)

Break

03:00 PM - 4:00 PM

ISIC Track 08 -

Complete Paving DAB
Workflow Examples

Rebecca Embacher (MnDOT) and
Scott Fernald (Granite Construction)

4:00 PM - 5:00 PM

ISIC Track 09 —

Open Panel Discussion

Moderator: Curt Turgeon (MnDOT)
Panels:

DOTs (MnDOT, NDDOT), vendors
(Caterpillar, Trimble, Wirtgen,
TOPCON),

contractors (Granite, KnifeRiver),

associations (MAPA), consultants
(Transtec-Terracon)

5:00 PM

Adjourned

ISIC

29

45
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THANK YOU!
ISIC

INTERNATIONAL SOCIETY FOR INTELLIGENT CONSTRUCTION

ISIC

31

46
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ISIC Track 02 - DAB from the Material Delivery 3/23/2026
Management System (MDMS)

Digital As-Built (DAB) from theMaterlaI Dellvery
Management System (MDMS)

Rebecca Embacher | Advanced Materials and Technology Engineer
ISIC Track — Digital As-Built and Workflow of Pavement Construction
Minnesota Transportation Conference & Expo
Wednesday, March 18, 2026

m DEPARTMENT OF
TRANSPORTATION mndot.gov/

m1 DEPARTMENT OF
TRANSPORTATION

What is the MDMS?

SP(2061) Material Delivery Management System (MDMS)

47



ISIC Track 02 - DAB from the Material Delivery
Management System (MDMS)

Definition

System that manages data
associated with delivery of
material to a contract.

Current materials included in Special Provision

(2061) Material Delivery Management System

x x

Aggregate Asphalt Paving Concrete Paving Ready-Mixed Concrete

2118 (Aggregate Surfacing) 2360 (Plant Mixed Asphalt 2301 (Concrete Pavement) 2461 (Structural Concrete)

Pavement)
- OnHold (Tabled) - 2363 (PASSRC and PASB)

(1901.6.D Computerized Loader Bucket 2365 (Stone Matrix Asphalt)
Scales (10,000 tons or less))

48
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ISIC Track 02 - DAB from the Material Delivery

Management System (MDMS)

Source
(E-Ticket)
(Contractor’s MDMS)
Table SP2061-1

Data captured by Contractor

Hauler
(Contractor’s MDMS)
Table SP2061-11
(Not required for 2461)

Loading and Delivery Event
(Contractor’s MDMS)
Table SP2061-12

(Only Start/End Dump Time and
Duration in Truck required for 2461)

—
vetacentéer.com
The Standard for Intelligent Construction

Testing and Contract Administration
Table X3.1

MDMS data captured by Department’s
platform — VetaCenter

Agency Verification
Table X3.13

Environmental Product Declarations
(EPD)

Future Table (TBD)
Subset of EPD data

Declaration Id, Product Category Rules
(PCR), Version Id, EPD URL,

EPA designation, Global Warming
Potential (A1 — A3, Total)

49
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ISIC Track 02 - DAB from the Material Delivery
Management System (MDMS)

MDMS data transfer

AASHTO MDM-1-UL compliant

Load-Out Software
(Contractor / Supplier)

MDMS Platform

(Contractor / Supplier) ' vetacenter.com
The Standard for Intelligent Construction

AASHTOWare

P Project /

. and/or
4 2%
Non-AASHTOWare

Project Agencies

POF Plan Setand P-
SED
Other Software (Federated/
Sources Discipline Models,
Exchange Data)
lﬂ?ﬁ]
- Cloud -— ProjectWise s Bentley OpenX
ProjectWise/Twin
Spatial Data —‘
Warshaise Data Warehouse T [
(Narmalized Schema) -
TopoShare l
MADOT In-hause -—‘
GIS Taol Trimble Connect
I Trimble Access / A
Trimble Site
Vision
Mobile Measure
Inspector Service B _l— ‘
ment/Funding (T2 A)
[\ Center Payment and SMC [V or Tto A]
s {tied with E-Tickets) [V or Tta A) Contractors
Lab Tast Res. ta [V te | user only accessin Project File Folders. Confair
Field Test Results (Tto ¥] #-5ED dsta and other 20 POF Plan Set file

50
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ISIC Track 02 - DAB from the Material Delivery 3/23/2026
Management System (MDMS)

Connected Data Environment in construction

* Augmented reality

 Connecting
construction
measurements

Source: Frontier

mm DEPARTMENT OF
TRANSPORTATION

Documentation of Type and Quantity of Material

E-Ticket (Source Data)

10
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ISIC Track 02 - DAB from the Material Delivery 3/23/2026
Management System (MDMS)

Load-Out Software
(Contractor / Supplier)

Digitize Ticket
3 minutes or less from point of sale
MDMS Vendor Solution
or Agency Platform

REST APIs and JSON Interchange Language ; ei.a
MDMS Platform e 7 Pr Project l
(Contractor / Supplier) vetacenter.com 4 / A

The Standard for Intelligent Construction

4 minutes or less from point of sale X
REST APIs and JSON Interchange Language

MDMS ticket data table

’ Tickets VetaCenter.com ()

Landing View > Account > Contracts > \Workspaces > Tickets Show Disabled? S
@ Asphalt | Concrete  Aggregate  [S) Select Table Columns to Display Select columns to display
Contract Id: B Truckid Tare Weight “
‘ | 771202509 | Traierlo Max Gross Weight Search Ticket Id
Load Number Qverweight Weight
- = a
(8 Load Date/Time Overweight Permit No Daily Running Contract Total »
° TicketID 1| | Truckid | | LoadNumber {| | Load Date/Time | Net Weight Total by Mat! By Matl Code
Material Code Verified Driver Name
GCode Qty aty
: B Material Code Source
32648 DCS02 1 0710272025 134922 Standardized Material Code Operator Name TURE (5F) 17A45TON-US | 17.140 0000
Standardized Item Number Scale Id
32649 RIC102 2 07/02/2025 14:12:44 TURE (5;F) 18875 TON-US | 36.020 0000
= Material Code Desc Silo ld
32650 SSE52 3 07/02/2025 14:19:21 B Net Weight Mix Design Id [TURE (§,F) 17.627 TON-US | 53,650 0,000
Voided Ticket Status Broker Name
32651 DMA101 4 07102/2025 14:25:13 18 Daily Running Total by Matl Code Qty Dt Niwber TURE (5.F) 18945 TON-US | 72580 0000
Contract Total By Matl Code Qty QC Signature
32852 VTE038 5 07/02/2025 14:33:23 TURE (5,F) 17.247TON-US | 89.840 0000
Contractor Name Qacld |
32653 VALS & 0710212025 14:37:25 Create Date QG Technical Certification Id TURE (5;F) 16.372 TON-US 106,210 0.000
Gross Weight Source Note
32654 VALY 7 07/02/2025 14:40:02 TURE (5,F) 16072 TONUS | 120280 0000
32855 HAT34. 8 07/02/2025 144302 TURE (5,F) 17.937TON-US | 138220 0000
32656 HAI25 9 0710212025 14:48:50 SPWEBS40F | 2380-sPweBSA0F TYPE SP 12.5 WEARING COURSE MIXTURE (5F) 19197 TON-US | 157.420 0000
| v
2029 items

12
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ISIC Track 02 - DAB from the Material Delivery
Management System (MDMS)

Add pay items and standardized material codes

Workspaces » Contracts

Data is saved after each step is completed.

Material Codes

SPWEA440C

Material Code 1|

Description ]

Pay Item T|

Ticket Type 1]

SPWEA440C

TYPE SP 9.5 WEARING COURSE MIXTURE (4,C)

TYPE SP 9.5 WEARING COURSE MIXTURE (4;C) 1.

2360.509/14300

2360.504/14315

Asphalt

SPWEA440C TYPE SP 9.5 WEARING COURSE MIXTURE (4,C) 2.0" THICK 2360.504/14320 Asphalt

SPWEA440C TYPE SP 9.5 WEARING COURSE MIXTURE (4,C) 2.5" THICK 2360.504/14325 Asphalt

SPWEA440C TYPE SP 9.5 WEARING COURSE MIXTURE (4,C) 3.0" THICK 2360.504/14330 Asphalt

SPWEA440C TYPE SP 9.5 WEARING COURSE MIXTURE (4;C) 4.0" THICK 2360.504/14340 Asphalt
634 items.

SPNWB430B: TYPE SP 12.56 NON WEARING COURSE MIXTURE (4;B) 2" THICK ®

SPWEA440C: TYPE SP 9.5 WEARING COURSE MIXTURE (4,C) 1.5" THICK ®

13

Tickets

Assign “standardized” Material Code to E-Ticket(s

shboard v E3Accounts &) Contracts forkspat [E] Tickets

Landing View > Account > Contracts > Workspaces > Tickets

@ Asphalt () Concrete | Aggregate  JCSEIES

Geofen

VetaCenter.com

Show Disabled? 4 &

Select columns to display

Contract ld: 240140/0708-47/Minnesota Paving & Materials (OMG Midwest Inc.)

Workspace: ‘ 240140_THB0_BLUE_EARTH_0001

e Ticket ID 1]

460628045

Options

[ 2EditTicket

[l - Edit Ticket Contract

“~Totals

Loading and
Delivery Events

Sample, Testing and
© Contract
Administration

Assign Material

'_)Code

v ‘ 5/1/2025 00:00:00 - 8/6/2025 23:00:00 SearchTicket Id Q
Truck Id 1] Load Number 1| | Load Date/Time 1| ncn::ﬁal Material Code 1] ardt = ok Net Weight Nolded Ticket 3::: :: :‘nr::g g:’;:ﬁc:u: |
S Material Code 1| | Item Number 1| | Material Code Desc 1. Status 1] Se Ey
RE272A 08/05/2025 14:02:14 SPNWB530 585-28 R 2130 TON-US

E264A 62 0810512025 1439:20 | No SPNWB530585-28 R | | None 00000 NA 24900 TON-US | Vaiid 1305670 0.000
7058 63 08/05/2025 144159 | No SPNWBS530585-28 R || None 00000 NA 1120 TON-US | Vaiid 1324790 0.000
7061 64 0810512025 15:02.44 | \No SPNWB530585-28 R | | None 00000 NA 24210 TON-US | Vaiid 1345.000 0.000
E257A 65 08/05/2025 15:04:58 | 'No SPNWB530565-28R | | None 00000 NA 24360 TON-US | Valid 1366.360 0.000
E282A 66 0810512025 15:11:39 | 'N@ SPNWB530585-28R | | None 00000 NiA 24510 TON-US | Vaiid 1387 870 0.000
7083 67 0805/202515:16:03 | N@ SPNWB530 58528 R || None 00000 NA 14750 TON-US | Valid 1407.620 0.000
7057 68 0810512025 15:24:33 | \No i i 00000 NA 340TON-US | Valid 1426 960 0.000

N v

14

53
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ISIC Track 02 -

DAB from the Material Delivery

Management System (MDMS)

Assignment of standardized material code and pay item

“globally” or per ticke

Ticket Assign Material Code

Criginal Material Code SPWEB340C

Standardized Matenal Code

Mati Code Item Number Description

SPWEB340C @ 236050 @ Type SP12.5 Wearing Course Mixture (3.C)

4

None & Apply
Assign Standardized Material Code to the selected ticket

O Assign Standardized Matenal Code to the all tickets for the current contract

15

Example of global assignment of material codes and pay items

Tickets VetaCenter.com (2)
Dashboard v @3 Accounts [ Contracts [ Workspaces  [E] Tickets ~ Geofences v  Misc v  Admin v O Logout
Landing View > Account > Contracts > Workspaces > Tickets StowDisated? [ & &
@ Asphalt () Concrete () Aggregate Select columns to display
Contract id: 240140/0708-47/Minnesota Paving & Materials (OMG Midwest Inc.)
Workapacas ‘ 240140_THG0_BLUE_EARTH_0001 v ‘ 5/1/2025 00-00:00 - 8/6/2025 23:00-00 Search Ticket Id Q
e TicketID 1] | Truckld 7] Load Number 1| | Load Date/Time 1/ gl:::al Material Code 1] Mok (‘mde o= Num'w |l ‘;Ode pese 11 T ‘;2«::: 'Tl'zcket ?:"g ::'
Verified Code Qt'
460628045  RE272A 61 08/05/2025 140214 Yes SPNWB530585-28R  2360-SPNWB530B  2360.509/25205  TYPE SP 125 NON WEARING GOURSE Mi 2130 TONUS  Valid 128377
460628046 RE264A 62 08/05/2025 14:39:20 | Yes SPNWB530 585-28 R | 2360-SPNWB530B | 2360.509/25205 TYPE SP 12.5 NON WEARING COURSE MIXTURE (5;B) 900 TON-US | Valid 1305.67¢C
460628047 51.7058 63 08/05/2025 14:41:59 | Yes SPNWB530 585-28 R | 2360-SPNWB530B | 2360.509/25205 TYPE SP 12.5 NON WEARING COURSE MIXTURE (5;B) 120 TON-US | Valid 1324.79C
460628048 51.7081 64 08/05/2025 15:02:44 | Yes SPNWB530 585-28 R | 2360-SPNWB530B | 2360.509/25205 TYPE SP 12.5 NON WEARING COURSE MIXTURE (5,B) 210 TON-US | Valid 1345.00C
460628049 RE257A 65 08/05/2025 15:04:58 | Yes SPNWB530 58S-28 R | 2360-SPNWB530B | 2360.509/25205 TYPE SP 12.5 NON WEARING COURSE MIXTURE (5;B) 360 TON-US | Valid 1366.36(
460628050 RE282A 66 08/05/2025 15:11:39 | Yes SPNWB530 585-28 R | 2360-SPNWB530B | 2360.509/25205 TYPE SP 12.5 NON WEARING COURSE MIXTURE (5;8) 510 TON-US | Valid 1387.87C
460628051 | 517063 4 08/05/2005 15-16:03 | Yes SPNWB530585.28 R | 2360 SPNWBS30B | 2360 500/25205 | TYPE SP 125 NON WEARING COURSE MIXTURE (58) | fp750 TON-US | Valid 1407 62¢
460828052 | 517087 68 0810572025 15:24:38 | Yes \ SPNWB530585 28 R | 2360-SPNWBS30B | 2360 509/25205 | TYPE SP12.5 NON WEARING COURSE MIXTURE (58) | Jf8.340 TON-US | Vaiid 1426 96¢
5 >

<
[

16
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ISIC Track 02 - DAB from the Material Delivery
Management System (MDMS)

m

Location of Material Placement

Loading and Delivery Event Data

DEPARTMENT OF
TRANSPORTATION

17

Enter/Exit Contract (Jobsite) (Static) ™,

“..  Enter/Exit Source (Static)
Enter Source i
4 “. (Date, Time, Lat, Long) Dump (mobile)
(Date, T|rr_1_e., Lat, Long)

Enter Source
(Bata, Ting, Lot Long) ‘..-"' S——eT e VetaCenter.com @)
T Klngredwenls B LoadDelivery Events. & Sampling, Testing And Contract Admin
Workspaces > Tickets > this tickel Pr—— &8
Ticket: 55181 - Asphalt
e Geofenceld 1| | StartDate/Time {| | End Date/Time f| ([:":":“:;?ss) Geofence Type | | Machineld | StartLatitude | StartLongitude | End Latitude | EndLongitude | Dump Latitude | Dump Longitude | Dump Date/Time [|
BP028_Stlouis |6/28/202308:43:06 | 6/28/2023 8:50:06 00:0500 | Source 47.819005 92873139 47.819005 92873139
SP6931-01_TH73 | 6/28/2023 08:54.06 | 6/28/2023 85606 | 000200 | Contract 47.840584 92.870178 47.863023 -92.870154
SPB901-29_TH1 | 6/28/2023 0856:06 | 6/28/2023 90506 000900 | Dump Mainline 47.865479 -93.081257 47.863023 92870154 47858555 92962875 6/28/2023 9:00.06
SP6931-01_TH73 | 6/28/2023 09:05:06 | 6/28/2023 09:07-06 00:02:00 Contract 47 863023 -92870154 47 840584 -92.870178

55
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ISIC Track 02 - DAB from the Material Delivery
Management System (MDMS)

Static geofences trigger recording of date, time, and

location of trucks entering/exiting source and jobsite

Contract (Jobsite)
Geofence

A e
ol e i o i 1 ?r‘..,,rl___i__
= — = — :
1004} | p=== I:S_&l ___________________________________ i
r e i L
I i =i

(47840684, -92.870178) |
Enter: 07/01/26 22:07
Exit: 07/01/26 22:30

1
Source Geoft —i . % .
urce Geofence : ﬁ% : %

(47.819005, -92.873139)
Exit: 07/01/26 22:00
Enter: 07/01/26 22:30

19

ta) -
\110) 201002

h._.._’ L ; 5 L Nicolvilleye 15912302)101333)03310)) 00)0)(@)0 000190 0)03)T
& e, SN = i 2
FECR2m8 (Ko o 0y ¢ 010 0t MO0 00168C05 O ; ‘

I\

Elfon

56
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ISIC Track 02 - DAB from the Material Delivery 3/23/2026
Management System (MDMS)

Manual recording of dump location

I 7
‘[ o Data Entry |—
Full Load - No Splitioad Event
Quantity Notes
18.63 na
Spatial Reference Authorty Spatial Reference id
EPSG 4326
—t
Station Start Station End
1200+75 1202+25
Latitude Longitude
0 0
Left Offset Right Offset
CL 12R

21

csaz -
%

mf’f} DEPARTMENT OF
" TRANSPORTATION

Assignment of Material, Quantities, and Costs to Roadway
Control Sections

Use in Pavement Management (Life Cycle Cost Analyses, Roadway History, etc.)

22

57
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ISIC Track 02 - DAB from the Material Delivery

Management System (MDMS)

3/23/2026

23

o T G | Lespan - —
S\ | 1 | | - =
. - b ‘ (| ~ Litlle~Fails
2\, - rillman iy,
G.5 4908 N i [ “ ! a
___"Lmnigg /‘
- g |
Flensburg Il | |
|
344“ i \
" \
gs. 29 | \
Eimdale | \
*Bowlus’ \
ala
Holdintora
*Bowlus
. ford
N
» -
O‘\
saint Martin -
. 16 o *
e
5%
cSe
.
» = “Richmond Cold Spring {23}
. mand, PG 123
» o \

\ (28]
\
|
)
Royalton !
{ !/
. a
\ |
N I
\ M e _ _ _ cewseE
Rice, )\ % . |
\ \, Gilmén
\ ‘gl
Saint Stephen Al
1 | !
I ljvlor]nekiy‘_.,c
1 -
1 = /_,»V-FK\, I~
Sartell ™0 M P .~ o
- %b Sauk R\am"s " e 1710«_5&
y ™~
S K7 P u.; 95

[ c.sh

CE 501 ALy

-

Add project-funding category geofences to Contract

—{ @ oeoences | —

Geofences

‘ Geofence Description

\ Geofence Type

| Spatial Ref Autherity

| Spatial Ref Id

m CHASKA ]
> Highway 41
PN project ‘ COST PARTICIPATION ‘

24

58
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ISIC Track 02 - DAB from the Material Delivery
Management System (MDMS)

Creation of project-funding category static geofences

Geofence Coordinates Detail

Dashboard v [ Accounts [E Contracts  [] Workspaces  [F] Tickets| | Geofences ¥ |  Admin v ) Logout
| |

Geofence Method
Offsets And
Coordinates

Offsets And Stations
Q coordinates

Geofence Description

SP3101-37_TH1_ltasca_CAT0001_West End

> Coordinates

|

Geofence Map Viewer

=

VetaCenter.com (;;)

lighway 65

Highway
County Road 547

[=]+]-]

Highway -1

County Road 527 I

Celina

Highway 1

s RemybiH

3/23/2026

25

Add metadata associated with control sections and

funding categories

Workspaces > Contracts

Data is saved after each step is completed.

e Sub-projects | —

L]
Search Sub-projects Q
° Geofence Id Subprojectld | Route District Funding Category | County Description Enabled
1436X29 3101-37 TH1 1 0001 Itasca West End Yes
5792B40 6901-29 TH1 1 0001 St. Louis East Section Yes
879X398 6931-01 TH73 1 0001 St. Louis South of TH1 Yes
LX9343T 6931-01 TH73 0001 St. Louis North of TH1 Yes
M430B21 6931-01 TH73 1 0002 St. Louis Far North Section Yes
26
59
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ISIC Track 02 - DAB from the Material Delivery

Management System (MDMS)

categories using static geofences and dump locations

Itasca
County

(47.865479, -93.081257)

Veta

Project-Category Geofences
for Dump Locations

St. Louis
County

390 400

3/23/2026

Auto-recording of control sections and funding

(47858555, -92.962875)
——

: Geofence Type = Project-Category ‘..,"’
Geofence ID = SP6931-01_TH73_StLouis2CAT0001_02

Geofence Type = Project-Category
" Geofence ID = SP6931-01_TH73_StLouis_CAT0002_01

)

900 1000 1100 .,
- - “p

(47.858555, -92.962875) 700

i o

1
1
1
==

Geofence Type = Project-Category
Geofence ID = SP3101-37_TH1_ltasca_CAT0001_01

e~ o

(47.847496, -92.870007)

Geofence ID = SP6931-01_TH73_StLouis_CAT0001_01

27

Manual recording of control section and funding category

Sampling, Testing and Contract Admin Wizard - Asphalt

Workspaces > Tickets > Back
1 e Contract Admin

VetaCenter.com (%)

Enter Asphalt Coniract Administration data in the form below...

Event Type

" Geofence Id

hd ‘ ‘ Full Load Placed

010228_TH18_AITKIN_0001_1, Sub-project for findin

Split Load Event

Recorded By
‘ No Event Type

Rebecca Embacher

Is Paid-For-As?

Is Full Load (uncheck if partral
No

load)?

Yes

< Back

28

60
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ISIC Track 02 -

DAB from the Material Delivery

Management System (MDMS)

DEPARTMENT OF
TRANSPORTATION

m

Things Happen . . . Field Adjustments

Documentation of Adjustments to Update Digital As-Built

29

Contract administration activities

Sampling, Testing and Contract Admin Wizard - Asphalt

Workspaces > Tickets > Back

e Contract Admin

Event Type

‘ Full Load Placed v

VEEONE] Full Load Placed ~
Not Placed
Rejected

Partial Load Delivered

Never Arrived
Enter Asphalt Contract Administration data in the form below... Wasted
Paid For As
Geofence Id Event Type -
010228_TH18_AITKIN_0001_1, Sub-project for findin v ‘ Paid For As ~ ‘ |J
Recorded By Split Load Event -
Split L oad Event
Rebecca Embacher No Event Type I
No Event Type A
Is Full Load (uncheck if partial  Is Paid-For-As?
load)? No ¢ >
Yes First Split
Second Split
< Back
Third Split
Fourth Split

30

61

3/23/2026

15



ISIC Track 02 - DAB from the Material Delivery
Management System (MDMS)

Workspaces » Tickets > Back

__ : Enter contract

administration data

Paid For As - First Split
Material Code

SPNWA250B, TYPE SP 12.5 NON WEARING COURSE MIXTURE (2;B) - [ 2360.509/22205 ] ~ ‘
Quantity Notes

5 Rhoda Carr farm entrance.
Spatial Reference Authonty Spatial Reference Id

EPSG 4328
Station Start Station End

1025+00 1055+60
Latitude Longitude

0 0
Left Offset Right Offset

0 0

< Back > Next

31

Calculates remaining quantity when splitting loads to

ensure correct split quantities recorded

’ Testing and Contract Administration VetaCenter.com C&)

S RECLEV=YS| @ Sampiing, Testing And Contract Admin

‘ D This Ticket | © Ingredients

Landing View > Account > Contracts > Workspaces > Tickets > this ticket

Show Disabled? &4
Ticket: 132171 - Asphalt
e Type 11 Sample/TestiGeofence Id | Event Location 1) Value/Quantity 1| Event Type 1| Notes 1| Recorded By 1|
111822_TH371_CASS_0001_1 I Full Load Placed - No Event Type.
Contract Admin 111822_TH371_CASS_0001_1 None 10 Full Load Placed { First Split [10.74] 10 ton placed in cat. 0001 Brian Siekmann
Contract Admin 111822_TH371_CASS_0002_0 None 10.74 Full Load Placed | Second Split [-0] placed 10.74 in cat 0002 Brian Siekmann

3items.

32

62

3/23/2026
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ISIC Track 02 - DAB from the Material Delivery

Management System (MDMS)

’ Admin Dashboard View

Dashboard ¥ | (&3 Accounts (& Gontracts

V( Tabular Lists >

Dashboard Tabular Tickets

[ Workspaces

[l Tickets ~ Geofences v Misc v Admin v

Tabular dashboards

VetaCenter.com (&

Show Disabled? 'Y Dashboard Filter & Refresh Data

ter: Date Range: 03/01/2023 00.00 -t None
Ticket Details Delivered Loads: 6.
Sorres | Q. enerseacn J

Ticket Id" 1) Truck Id* Net Weight 1| Material Code® Load Date/Time 1 Status
S0106980 501 20.020 2360-SPWEB340G 06-03-2025 19.01:24
50106981 511 19.860 2360-SPWEB340C 08-03-2025 18.09:22
50106982 Asphalt 6 509 20.030 2360-SPWEB340G 06-03-2025 19:11:14
50106983 Asphalt 7 T507 20.010 2360-SPWEB340C 06-03-2025 19:21:28
50106984 Asphalt 8 268 15.980 2360-SPWEB340C 06-03-2025 19:23:29
50106985 Asphalt 9 T503 19.980 2360-SPWEB340C 06-03-2025 19:37:43
50106985 Asphalt 10 506 20,070 2360-SPWEB340C 08-03-2025 19:47:30

33

’ Admin Dashboard View

Dashboard ¥ | @) Accounts &l Contracts

VI Tabular Lists >

Dashboard Tabular Contral

Filter: Date Range: 09/01/2023 00.00

[ Workspaces  [2] Tickets

Contract administration dashboard

Geofences v Misc v Admin v

VetaCenter.com (2)

Show Disabled? Y Dashboard Filter ¢ Refresh Data

Asphalt and Contract: 240115/1118-22/Anderson Brothers Construction

Contract Admin ltems

Workspace Name 11 Ticketld 1| | Truckld 1| | Trailerld 1 | Load Number 1| | MaterialCode 11 | Item Number Quantity | Recorded By | Event Type 11 Split Load Type 11 Paid ForAs | Full Load | Enabled
240115_TH371_CASS_0001 | 132170 2526 1 2360-SPWEA350C | 2360.509/13300 | 6 Brian Siekmann | Wasted Split Load (Rejected/Wasted Qty) | No No Yes
240115_TH371_CASS_0001 | 132170 2525 1 2360-SPWEA350C | 2360.509/13300 | 15.66 Brian Siekmann | Partial Load Delivered | First Split No No Yes
240115_TH371_CASS_0001 | 132171 2522 2 2360-SPWEA350C | 2360.509/13300 | 20.74 Brian Siekmann | Full Load Placed No Event Type No Yes Yes
240115_TH371_CASS_0001 | 132171 2522 2 2360-SPWEA350C | 2360.509/13300 | 10 Brian Siekmann | Full Load Placed First Split No Yes Yes
240115_TH371_CASS_0001 | 132171 2522 2 2360-SPWEA350C | 2360.509/13300 | 10.74 Brian Siekmann | Full Load Placed Second Split No Yes Yes
240115_TH371_CASS_0001 | 132172 2526 3 2360-SPWEA350C | 2360.509/13300 | 10 Brian Siekmann | Full Load Placed First Split No Yes Yes
240115_TH371_CASS_0001 | 132172 2526 3 2360-SPWEA350C | 2360.509/13300 | 11.3 Brian Siekmann | Full Load Placed Second Split No Yes Yes

7 items.

34

63

3/23/2026
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ISIC Track 02 - DAB from the Material Delivery

Management System (MDMS)

Tabulations of pay quantities

Dashboard v

e
Calculations for Pay ltems F

’ Admin Dashboard View

Bl Accounts & Contracts

[ Workspaces

ligent Construction

Placement Calculations >

Filter: Contract: 240115/1118-22/An

[El Tickets ~ Geofences v

Misc v Admin v

Y Dashboard Filter

VetaCenter.com (2)

¢ Refresh Data

l)ate Range: 09/01/2023 00:00 - 09/23/2025 00:00

Quantities
tem Number Z:::;:fy o ::i"_i;s Ticket Count Voided ;fa;::’m :::* ’ ::5: . Rejected Wasted ::;:::::m Placed Overweight Z‘j‘:;i:::’:mm
2360509113300 0001 No 4 000 6214 0.00 000 0.00 500 2566 4640 000 46.40
2360 509/13300 0002 No 2 000 2130 000 000 000 000 2074 2074 000 2074
2360.509/13300 0003 No 1 0.00 0.00 0.00 0.00 0.00 0.00 11.30 11.30 0.00 11.30

Totals 7 0.00 83.44 0.00 0.00 000 5.00 5770 78.44 0.00 78.04

Note: Double-click a row in the table below to navigate to the related Contract Administration view

Split Loads with Unreconciled Quantities

Contract Id

Project Id

Ticket Id

H Unreconciled Qty

35

Placement Calculations >

Calculations for Material Cq

’ Admin Dashboard View

B Accounts ] Cont

[ Workspaces

[l Tickets ~ Geofences v

ligent Construction™

Filter: Contract: 240115/1118-22/And

Misc v Admin v

r testing rates

Y Dashboard Fiter

VetaCenter.com (2)

¢ Refresh Data

Range: 09/01/2023 00:00 - 09/23/2025 00:00

Quantities
Paid- Loaded Split Load Placed Without
Contractld 1| Projectd 1] Standardized Material Code 1] Source Id 1] Source 1| F:'{ e | TicketCount | Voided A“""'s“u o | Rescted | Wasted A:jlus!:ent Placed || Overweight O:Z:uigm 2
240115 g2 2360-SPWEA350C BPO03 BPO03 No 7 000 8344 000 500 sz70|  784a 000 7844
Totals 7 0.00 83.44 0.00 5.00 57.70 78.44 0.00 78.44

Note: Double-click a row in the table below to navigate to the related Contract Administration view

Unreconciled Tickets (No source assigned)

Contract Id

Project Id

Ticket Id

Standardized Material Code

3/23/2026

36
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ISIC Track 02 - DAB from the Material Delivery 3/23/2026
Management System (MDMS)

mﬁ DEPARTMENT OF
TRANSPORTATION

As-built Material Properties (Test Results)

Tied to E-Ticket and to Material Placement Location

37

Adding field test data to E-Ticket

Sampling, Testing and Contract Admin Wizard - Asphalt VetaCenter.com @)

Workspaces > Tickets > Back

" eTESl —l

Enter Asphalt Material Testing data in the form below..

Test Id Testing Type
203 | Nuclear Density v ‘
Event Location Test Value
Testing Type
Dump | 927
‘ Nuclear Density v |
Recorded By
No Testing Type

Rebecca Embacher

Aggregate Qualities
Notes

T

Air Temperature
nia

Asphalt Mixture

Bitumen/Emulsion Properties

Core v

38

65
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ISIC Track 02 - DAB from the Material Delivery
Management System (MDMS)

Testing and hand-batched quantities for ready-mixed concrete

Data Description

First increment of water and/or admixture additions.

Second increment of water and/or admixture additions.

Third increment of water and/or admixture additions.

Test at source

Data Description

Test when no water and/or admixture additions

Test after first increment of water and/or admixture additions

Test after second increment of water and/or admixture additions

Test after third increment of water and/or admixture additions

S 1/10/2006

Adding lab sample ID to E-Ticket

Sampling, Testing and Contract Admin Wizard - Asphalt

Workspaces > Tickets » Back

VetaCenter.com G":J

Enter Asphalt Material Sampling data in the form below.

Sample Id Sample Taken From
1
201 ‘ Behind Paver
Sample Taken From
Event Location Notes l Behind Paver ~ ]
Dum, | n/a
B No Samples Taken =
Recorded By Behind Paver |
Rebecca Embacher
Beginning of Load
Belt
Bridge Deck
<  Back Bridge Substructure v

3/23/2026

20



ISIC Track 02 - DAB from the Material Delivery 3/23/2026
Management System (MDMS)

Connection of lab test data to field placement using E-
Ticket and Dump Location

N

.....Of»

Construction VetaCenter
Lab Test Data

41

Connection of field test data to field placement using E-

Ticket and Dump Location

' ENRNNN] 2

Construction VetaCenter
Field Test Data

42

67
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ISIC Track 02 - DAB from the Material Delivery 3/23/2026
Management System (MDMS)

m‘ DEPARTMENT OF
TRANSPORTATION

Connecting the Dots

43

AMMEDR
Latitude (): 44.293862
o Sleepy Eye Longitude (*): -04.724808
Temperature ¥

() Temperature (°F)

700 800 900 100011001200 130

o
=]
©

100 200 300 &0
o

Butterfield

68
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ISIC Track 02 - DAB from the Material Delivery
Management System (MDMS)

Connecting data to troubleshoot cause of workmanship issues

Failing Core Density

e What we know:
 Location
» Associated E-Ticket

 Lab and field tests connected to E-
Ticket and location

N EN L e

it T o | W L R

* Mix Design = No Issues

e Lab Tests = No Issues

* IC = no compaction concerns

* PMTP = cold spot at failing density

* Field Tests = Variable stockpile
moisture contents

Failing Core
Density

Northing (f{)
Easting ()

Radius (ft)

Use current fitter group (]

Cause of thermal segregation — cold region

Paver Mounted Thermal Profiling (PMTP)

166663.

450060308

19|

006216505 W--AP1055F TI501390AP6--240730125358 s

006216505 W--AP1055F TIS01290AP6--240730125358 s

Search | | 006216505 W--AP1055F TIS01390AP6--240730125358 1ds

006206505 W--AP1055F TI501390AP6--240730125358 1
P1055F TIS01390AP6--2:

1055F
006246505W--AP1055F TI501390AP6--2407301253 56 10
006216505W--AP 1055F TIS01390AP6--240730125358 1
006216505 W--AP1055F TI501390AP6--2407301253 58 10

69

44 14 bl B 0D 2y
Northing (1): 166772

E-Ticket Id: 224752
Truck Id: 28

" vy ‘6\0 42 minutes at Dump Location
) ’
N

3/23/2026
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ISIC Track 02 - DAB from the Material Delivery
Management System (MDMS)

Heat loss curve prior to cold segment

| Thermal Profiler [ Compactor - All Passes Compactor - Final Cwemge-: Heat loss |

280

& Placement (PMTP)

Veta

260

%

[\l

]

(=]
|

& Compaction (IC)

Temperature (°F)
a2 =2 B

(=] (=] (=]

P

5

120

a 10 20 30 40 50 60 70 80 90
Elapsed time (minutes)

Heat loss curves

Heat loss curve at cold section

| Thermai Frofier | Compastor - All Fasses | Compactor - Finel Coverage | Heatloss
2710 7 p— D|acement (PMTP) 7Ve1-a
2004 . B ACHA
190 f\
£ 1801 ™\
< : .
w \ \
59704 1 Compaction (IC)
& B
§ 160 -
[S 1
& 150 S
140 | »
130 i
120
0 10 20 30 40 50 60 70
Elapsed time (minutes)

47

02 | Timestamp.
2019-10-30 11:56:41.026
2019-10-30 11:56:42.365

10| | 2019-10-30 11:56:42.365
2019-10-30 11:56:43.584

@ 11:45:412

® Raw Data

2019-10-30 12:05:38.620

®42:05:37%
26dm

70

Connected data to
support:
fleet management,
production rates,
paving speeds,
number of
rollers/compaction
efforts, and more

3/23/2026

24



ISIC Track 02 - DAB from the Material Delivery 3/23/2026
Management System (MDMS)

Effects of mix design on material

placement and IC stiffness

2 14 M JE Cn
Narthing ift: 265251.1
Easting (f0} 5611612

Trimble CMV
(=) Trimble CMV

(=) Selections

. More angular mix (higher FAA)
Campactor - Al Passes| Compactor - Final Coverage | Thermal Profiler | Heat loss

achine [D Data lot name Northing () Easting (f) Direction | Compaction Mode | Amplitude (in) Frequency (vpm) Pass Count Speed (mph) Impacts per foot §
O CB68B 6300106 TH  HMA-L1-CL-12R-SB.VOT Reverss  Vibratory 002 3822 14 14
688 C6800106 TH  HMA-LI-CL-12R-SBVOT Reverse  Vibratory 00z 3822 18 14

[ Increased natural sand (decreased FAA) ]
mpactor - All Passes| Compactor - Final Coverage | Theemal Profier | Heat loss

Timestamp. Machine ID Data lot name Northing ()| Essting (1) | Direction | Compaction Mo | Ampltude () | Frequency (vpm) | Pass Count | Speed (mph) _ Ipacts per koot | IRRIBIRGNIITerperators ()
THIN22025.c5v | 2025-08-12 16:46:42.600| CB68E CHB00100K Th  -HMA-L1-CL-12R-SBVOT - VI Forvard  Vibratory 003 2526 10 20 144 752 23
|TH  1122025.cs [2025-08-12 16146423001 CB63B CEB00109X T -HMA-L1-CL-12R-SBVO1 Forward  Vibratary 003 2538 2 20 144 783 23

E-Ticket: 105881
Loading Time: 16:30
MDR: 07-2025-105

| Net Weight: 20.37 tons

49

m‘ DEPARTMENT OF
TRANSPORTATION

PHASE 2
PHASE1

ROADMAP

Where is MnDOT at with MDMS implementation?

MDMS Deployment Roadmap

50

71
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ISIC Track 02 - DAB from the Material Delivery
Management System (MDMS)

Bituminous MDMS implementation

(2360 Plant Mixed Asphalt, 2363 PASSRC and PASB, 2365 Stone Matrix Asphalt)

e 2018-2019 e 2025
* Pilot Projects o Metro: 100%
» 2020-2023 « Greater MN: 5,000 tons and greater
¢ CovID
» 2026

e Change Orders

. » Statewide: 100%
 Incidental

e 2024
e Metro: 5,000 tons and greater

 Greater MN: Discretion of Engineer

51

MDMS project history

Total Number of Tickets: 324,732
Total Tons: 5,869,054
Total Number of Projects: 196

80,000

70,000 -

Smaller paving
program

40,000 -

Number of E-Tickets

30,000 -

20,000 -+

2018 2019 2020 2021 2022 2023 2024 2025

Construction Year

52

72

3/23/2026
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ISIC Track 02 - DAB from the Material Delivery
Management System (MDMS)

Small bituminous mixture quantities

MnDOT 2360, 2363, and 2365 bituminous
mixture quantities (per mix type) that are

less than or equal to 600 tons

The following MDMS data is not required:

» Tracking of truck locations
* Loading and delivery event data
» Dumping events (date, time, locations)

 Creation of Source and Contract
Geofences

MDMS data still required for
collection:

* Source data (E-Ticket)

» Hauler data

53

Secondary bituminous mixture placement

(New Note Table 2061-12: loading and
delivery event data fields)

Dump event data is not required for
placement of bit mixtures used for:

* Patching

» filling areas of excavation that are less
than 750 linear feet

« tight blade leveling

MDMS data still required:
* Source data (E-Ticket)
 Hauler data

* Loading and Delivery Event (asset
tracker):
* Truck Entering and Exiting Source

* Truck Entering and Exiting Contract
(jobsite)

54

73

3/23/2026
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ISIC Track 02 - DAB from the Material Delivery
Management System (MDMS)

2461 Structural Concrete

» 2026 » 2029
¢ Change Orders * 50-75% of projects
. 2027 * 500 cy or greater
* 5projects » 2030
e 500 cy or greater e 75-100% of projects
. 2028 e 250 cy or greater
* 25-50% of projects » 2031
* 500 cy or greater * 100% of projects

55

Suppliers may opt to use MDMS

Suppliers who wish to switch
to SSD but are unable to meet
the January 1, 2026, Certificate
of Compliance requirements
outlined in 2461.3F2, may opt
to use MDMS as an alternative

56

74

3/23/2026
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ISIC Track 02 - DAB from the Material Delivery 3/23/2026
Management System (MDMS)

VetaCenter implementation schedule

Inspector’s tool to view MDMS data

Moving away from use of Contractor’s MDMS
applications

a ( 2025 f- Require Contractor/Supplier to\
= Create MDMS Module push data to VetaCenter (Sept.

and VetaCenter 2025 letting dates)
= Beta tested on 26

 Contract Administration testing
N 7053 _ present

projects (6 early season projects)
= 35,000 T'CKEtS_' o o No issues — available for use
= Contract Administration on all projects

(2 test projects)

0 Just-in-time training

-
2026

-

57

m?i , DEPARTMENT OF
© TRANSPORTATION

Rebecca Embacher

Rebecca.Embacher@state.mn.us
651-373-5222

58
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..... e 2026
g MINNESOTA TRANSPORTATION M.rCE

CONFERENCE & EXPO

ISIC Track 04 —
DAB from 2D/3D Paving and
Thermal Profiling

@

S

.
z
g IIII-
:
:

Jim Preston — Topcon
&
Craig Lamarque — Wirtgen America

IS-IC.ORG

Agenda

1. Why Digital-as-Built (DAB)? — Craig
2. Jobsite Intelligence:
a. Surface Creation / Capture — Jim
b. Data Viewing and Management — Jim & Craig
4. Smart Automation:
a. 2D Paving Technologies & Thermal Profiling — Craig
b. 3D Paving Technologies — Jim
c. Performance Tracking & Reporting — Jim & Craig
5. The Paving & Compaction connection — Craig

6. Closing + Q&A - Jim

ISIC

76
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Common Industry Challenges

DELIVER ...

¥ Personnel
MORE
R e )

Construction Projects
Infrastructure

Road Miles , W IT H
Quality T LESS

ISIC

Common Contractor Challenges

Invoicing

]

.+ Analysis

Bidding

77
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3/23/2026

Our Solutions

JOBSITE SMART

INTELLIGENCE = AUTOMATION

Better decisions based on comprehensive facts J__;_,,; Maximizing performance & productivity

Topcon
Magnet Office/Resurfacing

78
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Conventional Method MOBILE SCANNING METHOD

Magnet Office/Resurfacing

Design Examples

Make significant
smoothness
improvements

Design to specific grade
requirements

Meet elevation
constraints

Identify the need for
leveling courses

79
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MAGNET Office

From Station (#) To Staton () Sting
1400.500 +29.500 =]
Select one string
Degth Slope Ride abiity
= - eltive hope band [0.05 | 2
o idoess 250 | Min, crozs sope (%) g Resweswensod 006 |
=] Max. cross siope O
Min, miling | 1.500 = Min. long siope (%) ] Index rating (m]
(rch)
Max. mling | 3000 | 1 Max. long sope (%) O foin O
R

(188 check boxes

Average Level

Range

From Station (ft) To Station (ft) String

1400,500 222429,500 | |ELsm

Select sne string

Calculated profile [Iprofie lock

Length |40 ()

- cave

Surface

®) Design Surface Q

Range
From Station (f)

00

Reference Sting QL

A Trested as

Cand]

ISIC

Magnet Office/Resurfacing

prome crowsecson RSN Pcting  bsan  windew
OverSortacn o aiongsung | [

s towrtrot | s Tanes

i widen Boad | kB Aemage Appiyto Curment Bange | 4§ Smostn Protie
L — -
st

it ognest it Comeat Ty saveason

v Compute vobame
4 Rewmce Repon

] s ] ) -

[EIIECTRETIF 0 BILL DEMO o - Resurtace RIVIRSIDU! X
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12

mocthride Data Files rnssure States! 15 REV HUFFINE myo - Resurface - HUFFINE E5

RRopR RERSEREE aLN
IR s SiGi |

Joescn

€ sFsmy ~odma

SIC

3/23/2026

Magnet Collage Data Processing

= Fast processing
= Accepts both .tps files and RINEX

Elevation Intensity

= Create surface file

= Create Linework

81
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Cross Slope

CROSS SLOPE = (108.00'— 108.24')12.00'
CROSS SLOPE = (108.48' - 108.24")12.00'

CROSS SLOPE =-02000 FT/FT

CROSS SLOPE = +.02000 FTiFT

+.02000 FTIFT

= 02000 FTIFT

FIGURE 1
FIGURE 2
NORMAL CROWN REMOVE CROWN

:
Cross-Section Report

SCDOT 126 SMA AS Built Data

EastBound

BCC Job # 23196
3905+00 9897 99.16 -1.90%| 3905+00 2.0% 99.19 99.39 -2 .00%;|
3905450 98.73 98.95 -2.20%) 3905+50 2.0% 9898 99.19 -2.10%
3906+00 98.48 98.75 -2.70%| 3906+00 2.0% 98.79 98.99 -2, OO%l
3906+50 98.23 98.46 -2.30%| 3906+50 2.0% 9B.51 98.71 -2, ﬂ
3907400 97.79 98.01 -2.20% 3907+00 2.0% 98.06 98.26 -2.00%|
3907+50 97.41 97.62 -2.10%)| 3907+50 2.0% 97.66 97.86 -2, Doﬁil
3908+00 97.03 97.24 ~2.1B?E| 3908+00 2.0% 97.28 97.48 -2.00%|
3908450 96.68 96.89 ~2.10%) 3908+50 2.0% 96.93 97.12 -1.90%|
3909400 96.31 96.52 -2.10%)| 3909+00 2.0% 96.56 96.76 -2.00%|
3910400 95.6 95.81 ~2.10%) 3910+00 2.0% 95.85 96.05 -2.00%)|
3910450 9522 95.43 -2.10% 3910+50 2.0% 95 46 95.66 ~-2.00%
3912400 9432 9452 -2 .00%)| 3912+00 2.0% 9457 9477 -2 .00%|
3913400 9371 9391 -2 .00%)| 3913+00 2.0% 9394 9414 -2.00%|
3913450 93.49 93.72 -2 .30%| 3913+50 2.0% 93.74 9395 -2.10%|
3914400 2 0% 93 36 9357 =2 10# 3914+00 2 0% 93 .60 93 .80 -2 00%
3914450 2.0% 93.24 93.45 -2 lc%l 3914450 2.0% 93.45 93.66 -2.10%
3915+00 2.0% 93.11 93.31 -ZM 3915+00 2.0% 9333 9353 -Zm
3915450 2.0% 929 93.11 ~2.10% 3915+50 2.0% 93.20 93.40 -2.00%|
3916400 2.0% 9291 93.11 -2.00%) 3916+00 2.0% 93.20 93.41 -2.10%)
3916+50 2.0% 9297 93.18 -2.10%| 3916+50 2.0% 93.27 93.47 -2.00%|
3917400 2.0% 93.05 93.27 -2.20% 3917+00 2.0% 93.37 93.57 -2.00%|
3917450 2.0% 93.2 93.41 -2.10%) 3917450 2.0% 93.49 93.69 -2.00%)
3918+00 2.0% 93.36 93.56 -2.00%| 3918+00 2.0% 93.63 93.84 -2.10%|
3918450 2.0% 9347 93.68 -2.10%) 3918450 20% 93.77 93.98 -2.10%)
3919+00 2.0% 93.64 93.85 -2.10%) 3919+00 2.0% 93.92 94.12 -2.00%|
3919450 2.0% 9378 9399 -2.10%| 3919+50 2.0% 94.06 94.26 -2 .00%|
3920400 2.0% 9392 94.13 -2.10%) 3920+00 2.0% 94.19 94.39 -lm
3920450 2.0% 92.07 9427 -2.00%| 3920450 2.0% 9432 9453 -2.10%]
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Milling to design

Milled to the design
accurately

Monitored slopes during
the operation
Maintained production

Why now?

Need to Do More with Less

Digitalizing construction operations will reduce
delays and increase production, reducing labor
challenges.

Want Connected Services

Topcon’s connected services integrates with their
digital field tools for near-real-time project
insights and automations.

Expect Continuous Value

The added value of Topcon’s connected services
sets Topcon apart and enables continuous value
delivery.
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Connectivity through Integration

w

Telematics Connected I Integrations,
Machine Data

Control Management,
and Data
Automations

ISIC

Centralized Data Management
J Aptix’ -

= A
Schedules Telematics « s
s’ ]
&, b3
Point Clouds Designs
|
Construction Asbuilts
Models

ISIC
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John Deere Operations Center
N\

WITOS FLEET VIEW
JOHN DEERE

OPERATIONS
CENTER™

JD LINK

h\'! ’

ISIC

John Deere Operatlons Center

B JounDeere [ WIRTGEN GROUP  Oper

Qoo Moeupw flrine gtz o o
te Name* @ | 5Aug2024-7Aug 2024

Milling
Reopen jobsite
ive (15) ump!
W250Fi Total
& O wol ® ber Rat
] g
MILL ASSIST
On / Operating sirategies 100%
K-0598 —
Quali
- 100%

ISIC
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John Deere Operations Center

/

@ | [w] WIRTGEN GROUP

Jobsite Data & Information

e Performance & Productivity Data

Analytics

ISIC

Our Solutions

JOBSITE SMART

INTELLIGENCE Yo B AUTOMATION

Better decisions based on comprehensive facts = Maximizing performance & productivity

86
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Vogele 2D Paving

N46°14°06.70"
ED0B°00155.401

Vogele 2D Paving

ISIC

87
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Vogele 2D Paving

#2 Upload Paving Lines
_ eg. DXF File

#1 Geo Data Model | “~_  #3 Clean Build Analysis

Creating Paving Lines “ S = - .
e.g., Rover Bar, Drone, Scanner # " Feasibility of Paving Lines for Automation
/

I
I

1

I

I

I

| \
I ’ .
I

I

I

I

I

I

I

/

| \ #4 Project Outcome Forecast

“Map View of the Project
|

1
1
1 1
\ , #5 Data Transfer to Paver
\ ; Wireless Data Transfer

A

e e e e e = = = e = e ==

#8 Start Paving : ;
Automatic Screed Width #6 Activate the Project
and Steering Control Sorted by distance from project
start to current position
#7 Position the Paver
Paver Guide
to the Start of the Project

ISIC

Vogele 2D Paving

WORK SAFETY
the operator does not have to stand directly at the
control panel

TIME SAVING
no need to pre-mark the edge of the road

MATERIAL SAVINGS AUTOMATION
no overbullding of the target width reduced workload for operators and a focus on checking
the paving results.

ISIC

88
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Topcon 3D Paving Technologies

ISIC

3D Paving: 3D Reference (Model)

3D Model Built from Scanned Surface

= Topcon SmoothRide Interface with Végele Niveltronic+ 3D (5 Pin Receptacle)

o
Topcon GNSS
Receiver (X & Y)

Topcon 3D
Positioning —<
Instruments

Topcon GX-60
& MC-R3 Box
—

Vdgele Machine Control
(Niveltronic Screed Control)

Vogele Sensors
(Z from 3D model)

89
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3D Paving: Positioning Instruments

2 Types of Positioning Instruments
= Supplied by Different Group of OEM’s (Subject Matter Experts)
= Different from Paver OEM'S

1. UTS — Universal Total Station

ey = . 2. ?/ 2 .
] 2 Sandr_ G =

Leica UTS
or GPS

?

29

2. mm GPS

3D Paving: Positioning Instruments

3D Positioning Instruments
= UTS - Universal Total Stations
= Multiple Stations required — Minimum 3

= Tracking, Transition & Checking Grade

90
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3D Paving: Positioning Instruments

3D Positioning Instruments
= mm GPS

= Grade Controlled by Laser
X & Y Controlled by GPS

3D Paving: Positioning Instruments

3D Positioning Instruments - mmGPS

3D Control GPS & Laser
Box Receivers

Laser
Transmitter

ISIC

91
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Topcon Performance Tracking & Reporting

ISIC

") Aptix”

Integration Platform

ISIC

92
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Disciplines involved

Many different roles or disciplines
within the project execution are not
connected digitally.

ESTIMATOR ’ MODELER &

CONTRACT

DELIVERABLES

GRADING
MANAGER  "imcs

ENVIRONMENT
METRICS

FLEET
MANAGER

PLANNER

DESIGN
MANAGEMENT

SCHEDULE.
MANAGEMENT

PROJECT
woacever  MANAGER

STAFF
MANAGEMENT

MATERIALS
MANAGEMENT

HUMAN
RESOURCES

. PROCUREMENT “

MANAGER

1960

1958

1956

1954

Elevation: 5,455.8 (06/07/18 03:00 PM)
N 1,205,601.015 ft - E 3,109,029.047 ft s
Lat 39.896184 - Lon -105.114535 1950

1948

Mapping

93
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Mapping - Scheduling

Finish Grade Design
(Subgrade Surface)

Work Remaining to Design
ast Pass Surface

Work Completed from
Original Ground

Original Ground Surface
from Survey

Mapping (New Construction)

Final Compacted Surface

Uncompacted Surface

A nrs TR R aE e Base Material Surface

————————————— Sub-Grade Surface

Existing Surface

94
19
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. Mapping (Rehabilitation)

Final Compacted Surface

Uncompacted Surface

Nez. =4 3d Milled Surface

Existing Road Surface

{.‘r"-
-
-

39

Vogele Performance Tracker Paving (WPT)

W T

L BN S

kT His

95

3/23/2026
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Vogele Performance Tracker Paving (WPT)

ISIC

Vogele Performance Tracker Paving (WPT)

On Board Tractor Console

Work Done Data Jobsite Utilization

CO, Emission & = Idle | Preparing | Working
Fuel Consumption VOGELE

10% 70% P
24 20 ANENNNNNERENRERNRENER o305 ¢
Paved Surface
i Calculated using
— Screed Width from
| i
g | % . 3] Sensor & Distance
Paved

Paving Performance
Paved Tonnage Calculated
Actual vs Design

1228:| 396m
G 12400 4000

Progress Bar Distance

Layer Characteristics & I | W 703 / 1965m 12620 Precise Distance Paved

Thickness & Density
Entered

‘ 09:45

ISIC
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Vogele Performance Tracker Paving (WPT)

On Board Screed Console

ERGOPLUS)

Paving Performance

Paved Tonnage & Variance _—.,—— Progress Bar Distance

Q.S @ ;ﬂ Distance Paved & Target
. 1228t | 1240t B EI 703 / 1965m i =
@ 396th | 400vh | -1262m

S

ISIC

@ JonnDesre  [F] WIRTGEN GROUP

Jobsite Summary Card JF—""
Ave. Paving Speed .
Paved Arca [l
Paved Distance K&
Paving Time m—s
Fuel Consumption

= N

97
22



ISIC Track 04 - 3/23/2026

Vogele RoadScan Thermal Profiling

> High-precision thermal camera

> Compact and low weight for easy transportation and installation
> Temperature measurement up to 42ft wide

> Measured value resolution of ~3°F

> Measuring point size 4” x 4" (AASHTO R110 - 6" to 127)

> Temperature range between 32°F and 530°F with a + 2% tolerance

@

JoHN DEERE

[w] VOGELE
TEAEEREEEEEEEEE T

ISIC

Vogele Performance Tracker Paving (WPT)

INTELLIGENT CONSTRUCTION \

ﬂmcnm [] WIRTGEN GROUP Operatior te + -
2 ] 1 ¥ ]
i e 2 @ compwrs | (QOveriay | B Srarwiigon

Welcome Bob

Jobsite Analyzgr -
Geo-referenced Documentation
Detailed Map Analyzer

Point Analysis €D

Jobsite Analyzer ¥
Work Totals R
Paving Stops o
Screed Information -

98
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Vogele Performance Tracker Paving (WPT

) JoHnDEERE  Operstions Center I .

ome 8 wup W semp - gl w

o serve e e ERE IR Y

e
# Aapran Gemury

2026 Paving: Base Course Work Totals Pertormance 2026 Compacting: Base Course Work Totals

@ View i Werk Arlyzer [ @ view i Work Rnayzer S Ot blactivn &
Paving & Compacting (KL} Ares Paves Hory 3
Demo | Conpmpe: ‘Area Denaiy (Targe) Temperature 5%
start Paved Material Quaniry (Retus) AsphattDensity  Sass
e v Masertal Quantity (Calculated)

Equipment

Equipment

WGHOHTIMNAADOEST  WGHOH I3 HAO0IST

Vogele Performance Tracker Paving

@ JornDeERe | Operations Canter o 20 1

Porome @ B s gl oo v o Cerver v o

2026 Compacting: Base Course. Waork Totals Performance
@ Viewin Work Anshyzer Pass Count Machine £ Compacting Timedy
Paving & Compaciing IV v % specs
Demg | Conenpo 2038 B
AsphaleDensity
Equipment
WGHORoINARST VGO
Paint Analysis
Latnon: s Peint Anaiys
- rojection
wesss
-
Dateaoa e e s Coune D ot and Time - i . » or -
2 orctaren astin s o
03 men 0w 0%
» wss - - 2 -
6.4 3% n v
. 5 e ® -

99
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Public

The Paving & Compaction Connection and DAB

Es
=
&‘
=
g
B

The Paving and Compaction Connection and DAB

Jobsite Intelligence
Better decisions through information

Equipment Managemer

Documentation & Repor
= = s Z WPT Compacting
Performance Analytics

JOMN DEERE
OPERATIONS CENTER™

Connected Automation e Smart Compact v P Smart Pave

Automation z £ LEe * Auto Trac

Assistant System Track Assist Grade Assist

Smart Automation

Maximizina Performance & Productivityv

100
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[ WPT Paving
- Performance tracker paving T
RoadScan
« Temperature Documentation

i Track Assist
g8 - Roller passes

51

The Paving and Compaction Connection and DAB

o TR ‘ Smart Pave h : /
—— ) - Automated paving process
[ Auto Trac P ap
- Steering & width control

JOHN DEERE

OPERATIONS CENTER™

WPT compacting

[l - Performance tracker compacting

Smart Compact Pro

gERw - Real time density scan

NORTH AMERICAN |
CONFERENCE -

Monday, August 24 through SCAN HERE
@ Wednesday, August 26, 2026 3 i

? Louisville, Kentucky
[=

Louisville Marriott Downtown

IS-IC.org

2026 ISIC NA Conference — Louisville, KY

W
W
P T

HAND IN HAND: COLLABORATING
THROUGH TECHNOLOGY FOR
VALUE ENGINEERING
Optimizing functi(j)n, cost, and performance

through industry-wide innovation I S I C

101

3/23/2026
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THANK YOU!
Q&A
SiC

INTERNATIONAL SOCIETY FOR INTELLIGENT CONSTRUCTION

ISIC

53

102
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Compaction

G! I g MINNESOTA TRANSPORTATION M-ICE

CONFERENCE & EXPO

ISIC Track 05

Digital As-Builts from
Intelligent Compaction

Wednesday, March 18th, 2026
Presented by: Todd Mansell, Caterpillar

IS-IC.ORG

Shift to Data-Driven Construction

* Infrastructure owners expect
digital records

 Contractors need better risk
control

* Real-time information

* Inspectors need real-time
visibility

* Intelligent compaction (IC) is
well-known technology

ISIC
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TPF Intelligent Construction Technologies
(ICT)

* MDMS - Material Delivery Management System (“As-Built” is 1
of 6 Modules)

* PMTP — Paver Mounted Thermal Profiler
* IC - Intelligent Compaction

* DPS - Dielectric Profile System

» 3D Milling & Paving

* IRl — International Roughness Index

* Data Analysis done with Veta SW

* Not all States, Not all Projects

ISIC

What Problem(s) are we Solving ?

* Paper as-builts are incomplete and inconsistent
 Often because they are not recorded in real-time

* Improved Quality

* Point-based density tests are “spot checks”
* Disputes arise from lack of measured data
* Closing out projects takes too long

» Much time is spent collating the data

* No files or “as-builts” for future maintenance
 Conventional files are difficult, if not impossible, to locate later
» more accurate future bidding

ISIC
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What is an “IC” Roller ?

* Solls

* Asphalt é@é

* Rollers equipped with GPS/GNSS
* Accelerometers measure stiffness response / MDP

* GPR (new) — measures dielectric, correlated to density
* Onboard computers log data continuously

* Produces real-time maps of compaction, temperature, stiffness,
density (from dielectric)

e Data is sent to the “cloud” in near real-time

ISIC
5
Components on an Asphalt IC roller
= ¢ |
f oo J -
6
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Real-Time Kinematic (RTK)

ISIC

What Data is Collected with IC ?

1. Quality
» Pass count & coverage

e Compaction measurement value
(ICMV/DPS/MDP)

« Surface temperatures

2. Quantity — tons n/a
3. Geometry — surface elevation

All data has time stamps and
location (Geo-spatial)
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Operator’s view — soil project

Vibratory energy is imparted on the
sil by the vibrating drum

™ The material vibrates in response,
which is detected and measured by
the accelerometer

Why IC Data is Valuable

* Continuous, 100% coverage
 Geospatially accurate

» Machine-generated and
objective

* Immediate, actionable ~ —
feedback reduces rework, |
improves quality

Less than 1%

ISIC
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What are Digital As-Builts ?

“Living records updated during construction to support
and performance management”

» Georeferenced, structured construction records
« Layer-by-layer documentation

» Machine-readable and GIS-ready

* Permanent asset history

ISIC

How Does IC Fit into Digital As-Builts ?

* |C already captures location, time, and performance
 Data aligns naturally with lift boundaries

* Provides continuous measurement and feedback

» Reduces manual testing and documentation burden

c D £ £ c H [3 L M N o [ Q 3 s T u v w v

Cel\.m CellE.m _Elovation. PassCoun LastRadio DesignNa Machine Speed_kmLastGPSM GPSAccTo TargPass(TotalPass Lift  LastCMV. TargCMV LastMOP TargMDP LastRMV_LostFrea | LastAmp_ TargThick MachineG VibeState LastTemp.
3604285 2 5 2 1 0 595
3604285 504 2 070D 5 2 1 o 597
3604284 53027 2 07000 5 2 1 599
3604284 53,027 2 07000 5 2 1 602
04284 4718549 53.025 2 0TODD  CBEGERO! 5 2 1 5 02 Reverse  Oft 02
3604285 4718549 53014 2 0TODD  cEsGERO! 5 2 1 0 02 Reverse O 0.1
3604285 4718549 5301 2 0TODD  CBEGBRO! 5 2 1 50 02 Reverse Ot &
3604285 4718549 53015 2 0TODD  CBE6BRO! 5 2 1 5 02 Reverse  Off 60
04286 4718549 53012 1 0TODD  CBE6BRO! 5 1 1 5 02 Reverse  Oft &
3604286 471849 52992 1 0TODD  CBEGERO! 5 1 1 0 02 Reverse Off &
3604286 4718549 52,983 1 0TODD  cBEGBRO! 5 1 1 50 02 Reverse O &
3604287 4718549 53,006 1 0TODD  CBGBRO! 5 1 1 5 02 Reverse  Off &
3604287 4718549 52,991 1 0TODD  CBE6BRO! 5 1 1 5 02 Reverse  Off 60
04287 4718549 52995 1 0TODD  CBE6ERO! 5 1 1 £l 02 Reverse  Oft 599
3604288 471849 52.962 1 0TODD  cEsGERO! 5 1 1 0 02 Reverse O 599
3604288 4718549 52.977 1 0TODD  CBAGBRO! 5 1 1 5 02 Reverse Ot 595

18549 52972 1 0TODD  CBBGBRO! 5 1 1 5 02 Reverse  Off 598
04289 4718549 52965 1 0TODD  CBE6BRO! 5 1 1 5 02 Reverse  Oft 598
3604289 471E49 52,969 1 0TODD  cBEGERO! 5 1 1 0 02 Reverse Off 595
3604220 4718549 52.968 1 0ToDD  cBEGERO! 5 1 1 50 02 Reverse O 595
3604290 4718549 5297 1 0TODD  CBGBRO! 5 1 1 5 02 Reverse  Off 598
3604290 4718549 52.966 1 0TODD  CBEGBROI 5.1 RTK Fixed Medium (¢ 5 1 1 50 02 Reverse  Off 598

- ISIC
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Intelligent Compaction to As-Built Workflow

Collect data
Validate data
Process and merge

Integrate with other
project data

Export final digital
as-built package

HwnNE

o1

Courtesy: Trimble

ISIC

Step 1: Data Collection

Intelligent Compaction FIELD checklist Complete)

* Daily roller logs
* GNSS accuracy checks
» Machine setup verification

« Standardized file formats (e.g., VETA)

* File-naming convention AASHTO MP 39- |
19
* Data file format AASHTO PP 114-21

109
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Compaction

Step 2. Data Validation

* Remove bad GPS segments

* |dentify coverage gaps
 Confirm vibration mode

» Temperature verification

» Compare IC values to spot tests
* CFR 637.203 ??

10 15
CMV Value I S I C

Step 3: Data Processing

INTELLIGENT CONSTRUCTION

» Merge multiple rollers of different manufacturers, positions in
the rolling train (asphalt), etc.
* “overlay” map

» Segment by lift and station
* Importance of good file-naming convention!

» Generate maps and summaries
» OEMs have their own software — but not standardized

ISIC
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Step 4. Integration with other Data

» Material tickets

» Conventional density spot tests
* Inspection reports

 Drone surveys (optional)

* BIM/GIS systems

 Paver thermal data

» Digital as-builts are most powerful when IC data is
combined with other project information!

ISIC

Step 5: Final Digital As-Built Package

» Pass Count/Coverage maps
* Roller pass sequence

« Temperature maps

* [ICMV maps
* QA/QC spot-test correlations

« Surface and individual layer
elevations

Guide Policy for Geometric Design of Freeways and Expressways - NAASRA 1976

ISIC
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Final Compaction Digital As-Built

ISIC

Where Do We View, Analyze & Merge Data?

» Jobsite — Bluetooth from machine to Inspector, QC

« Jobsite or Office through Veta software N o
T e i ‘ . = Y, ‘ ~
4 -3 | TR C
' = |
V 4 - —— ‘ﬂ
; i1

ISIC
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Pass Count: Not Using Mapping

SO VisiorLng -1
‘30 Productivity Manager A HH e

Custom (09/03/18 - 09/07/18) = L FE Q:

Fass Coum

O Q OHl

o
c o

.

2 o

of
* All rollers 83% > target pass (6)

ISIC

Pass Count: Using Mapping

i VISIONLINK unm =
‘ 3D Productivity Manager A = e

Custom (09/09/18 - 09/14/18) =E S 0

Success! Cuslom Area added to filters

* All rollers 90% > target pass (6)

ISIC
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Before & After IC - Consistency!!

After

ISIC

Determining % Coverage in VETA

* % Coverage can be
determined by:
1. Creating Filters in VETA

2. Manually trimming
data in VL before
exporting

3. Having roller operator
manually turn mapping
“on” or “off” when
he/she leaves the ‘IC
Area’

ISIC

114
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Compaction

Uniform Pass Count

» Meet required number of passes per test strip or method
spec

« Uniformity of Compaction - PWL specifications

* Roller Speed
* Is the roller able to keep up with paver and get 10 - 14 ipf ?
* Do | need another roller? Change frequency? Amplitude?
* Does paver need to slow down?

» Training tool for operators to see their pattern
ISIC

Rolling Pattern Training Tool

 Turning out at end of
pass

* Direct correlation to
smoothness (IRI)

ONE UNCONFINED EDGE

centerline joint

l cold

#2 hot mat

#

slope #6

115
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Transition zones, longitudinal joints
2 = EETE--ECo

_Q‘ Transverse coverage —

rrrrr

- Longitudinal overlap

......

ISIC

Route 40 Quebec

I-80 (California)

ISIC
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Night vision - “the back pass”

29
Temp: 15t pass breakdown
— ‘?SlngchileyManager A EEE e
Custom (09/10/18 - 09/14/18) ME f = 0
._. .
D’ Ui}
[
» Data indicates long breakdown passes
» . Difficult to know without being on site and without plan file ISIC
30
117
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Temperature: last pass finish

— B visionune —+-]
= '30 Productivity Manager A HH 6

Custom (09/10/18 - 09/14/18)

i

3/23/2026

CAT

il
N\,
1
o

Speed

ISIC

118

16



ISIC Track 05 — DAB from Intelligent 3/23/2026
Compaction

Roller Speed should be 10 - 14 ipf

path of vibrating drum center

low frequency high frequency

time and distance (speed is constant)
pact spacing is closer together in high frequency

ISIC

35 Productivity Mansger A RO

119
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Compaction

Remember...ICMV measures deep...
et | MR < CMV value is a composite

' "4 measurement

= “

* Affected by amplitude,
speed, direction, etc.

Mat being compacted

Existing HMA lift

Sub-base

Subgrade material

ISIC

Correlation of ICMV with existing test methods

ISIC

120

3/23/2026
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Correlating ICMV with existing test methods

9  Plot a linear regression.

8 >~ analysis of the conventional

7 o test data and the CMV data to
& . raill establish an R? value
AT v e * R? s an indication of how well
z 3 e 5 _ CMV represents the density or
E -+ R2=0.69 stiffness data measured

1 using conventional methods

0@ T T !

0 50 100 150 .
UV Ve  Repeatable correlations

between ICMV and density
have not been proven
R2 =1.00 = perfect correlation

C tion C in VETA
VEdi@é&E e i
» » 5 = o o
‘ o £/ 9 Q% B { i& i Nanel
Project AddFle Report | Viewss | Editor Alignment Fibsrs | Sublots SporTests Anahysis | PavedArea | _
Analysis Setup Coverage All Passes
Coverage
Overall Results -
Pass Count R oE
Frequency 24
Temperature !
IcMv o
el ®
k3
16
14 .
% i
g %]
104
g
el
2pin 1
4 ]
o
0 1 ] 8
Pass
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Pre-mapping to find soft areas

#l » Can be done in one
pass

* ICMVs obtained to
identify relative weak
areas prior to paving

 Depth and extent of
“soft spot” is difficult
to identify

ISIC

Pre-Mapping in Minnesota

INTELLIGENT COMPACTION
FOR PRE-MAPPING

BACKGROUND

P ——

e e e e

peeteingumprd iy

122

3/23/2026
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Roller-mounted GPR (DPS) — TPF-5 (443)

https://www.dot.state.mn.us/materials/dps/index.html

ISIC

Roller-Mounted GPR

https:.//www.dot.state.mn.us/materials/dps/index.htmi

 Density read-out “on-the-fly” in real-time!
 Can be an indicator of segregated of mix

» Must be calibrated to mix type and lift thickness
* Relatively easy process =

» Becoming more understood!

Image: Trimble

ISIC

123
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DAB Information Could Ellmlnate Corlng

ISIC

124
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Compaction

Machine to Machine Data Sharing

By . . s

Display

o]
(o]
(o]
o]
[}
o
@

[+] -]
Py
7
0.4

[4]

ISIC
45
Real-time IC information | can work with!!
How much time do | have to compact
this asphalt before it is too cold?
Sally’s finished her 4 passes,
it’s time for me to move up!

What pass am | on? |lost

count after 10 hrs today...
ISIC
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Compaction

IC High Speed Data Sync

Much faster wireless sync to/from office and
machines using high speed data link

Dlsplay

Modem

Office or job shack

Roadside

DPS Dielectric
Values

PMTP Thermal
Profile

T T T
200 250 200 50 400

Distance (ft.)

! o) j’
! The Power of Combining Data !

91.58%
o S
Jl ] H b E ‘
\27F e
§ mp' wr
{e) ii X
L 67 ft. Al 83ftf 75 ft. | mm.‘ - 1 s ]
U Truck #10F T Truck #II' Truck #4C v Truck #23H T Truck #19D
Image Source: MNDOT I S I C
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3/23/2026

Summary: What IC can and cannot do...

 Can record coverage (passes)

» Can record surface temperature

 Can identify relative “soft spots” at depth unknown
 Can record accurate locations

« Cannot measure density using accelerometer

« Can measure density using GPR ??...or can it ??.....

ISIC

50
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Summarizing the benefits of IC

« Information that is “actionable” in real-time on the job
 Operator — self-training and self-monitoring tool

 Uniform coverage = better density & smoothness = bonus pay
* Transition zones

« Statistical pay factor specs PWL - consistency!
 Night work

» Temperature monitoring

* Longitudinal joint overlap/joint density

* Identifying relative soft spots in base

» Reduced field testing — safety/cost

» Documentation of 100% of compaction
 Density using GPR ??

Faster Project Close-out

* Digital data allows for some automated checks,
summaries, reducing or eliminating hand calculations

* Easier to keep up with daily progress

* Less paperwork at the end of a project
« Faster hand-off to the Owner

* Get paid faster

ISIC
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Common Challenges

* GNSS accuracy issues

* Inconsistent data file naming — Use AASHTO MP39-19

 Data format (for VETA) — Use AASHTO PP114-21

« Lack of training on both data collection and workflow

» Clarity of existing specs in conjunction with new technology(s)

» Understanding the limitations and advantages of GPR

» Continuous Asphalt Mixture Compaction Assessment Using Density
Profiling System (DPS) [TPF-5(443)]

https://www.dot.state.mn.us/materials/dps/index.htmi
ISIC

How to Manage Challenges

* Pre-construction coordination meeting

« Standardized workflows

* Clear roles and responsibilities and reporting frequency
« Early coordination with the Owner

« Specification updates with technology — alignment!
* Specs pay based on cores, but monitor/measure 100% coverage
* Clarity on how the Contractor will get paid

ISIC
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The Future of IC Digital As-Builts

« |IC digital as-builts will become standard

» DAB integration with digital twins will continue to expand

* |C DAB data will be in Pavement Management System(s)

* |IC DAB data helps mitigate risk for both Owner & Contractor
» Goes “hand-in-hand” on the Roadmap to Autonomy

ISIC

55

CONVENTIONAL S
CONSTRUCTION
Q 1. AUTOMATION
OPERATING OR CONTROLLING A PROCESS BY

HIGHLY INDEPENDENT MEANS, REDUCING HUMAN INTERVENTION
- AT THE SITE LEVEL
2. SEMI-AUTONOMY

REMOTE CONTROL OF EQUIPMENT AND OPERATIONS FROM AN OFFICE OR OFF-SITE )
LOCATION

e

3. AUTONOMY

TAKES ADVANTAGE OF SOPHISTICATED

TECHNOLOGIES TO ENABLE EQUIPMENT TO WORK SAFELY AND
T PRODUCTIVELY WITH MINIMAL INPUT

Caterpillar: Confidential Green

ROAD TO AUTONOMY

CATERPILLAR’

56
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Autonomous Everything 1?1?17

Starting to combine automated
measuring with autonomous
operation and wireless, real-
time data collection!!

Where to go for IC & Veta software

www.intelligentconstruction.com

Intelligent PR — E

P, S — ) B — - ) . N oPe
@« & . S e nema B sewn e it L B 8 . S s Bl What is Intelligent Compaction?

Inteligent PP —

What is Intelligent Compaction?

g oo g+ Wt P et et
What is Paver-Mounted Thermal Profiling?

What is paver-mounted thermal profiling?

131
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Compaction

Key Takeaways

* |C provides 100% coverage, objective data
* Integration is achievable with today’s tools (VETA)

 The industry is moving toward full digital delivery and IC is
one part of that journey

* Digital as-builts improve quality and reduce risk

ISIC

e T (D B
2026 =

NORTH AMERICAN
CONFERENCE

Monday, August 24 through
Wedn ugust 26, 2026

HAND IN HAND: COLLABORATINC
THROUGH TECHNOLOGY FOR
VALUE ENGINEERING

Optimizing performance

ISIC

132

3/23/2026

30



ISIC Track 06 — DAB for Living Models 3/23/2026
in Asset and Pavement Management
Systems

DAB for Living Models in Asset
and Pavement Management
Systems

Jim Preston Topcon
and
Chuck Hixon Stantec

ISIC

9
@
(q)

Solving your challenges with
today’s technology

What do we do with all this data........

ISIC
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\"\‘\ j
7% N ;

. mii'lti-ple,definitions & perceptions
* multiple uses

* think beyond the initial task

* reverse engineer

Digital Twin

A digital representation of a physical asset, process or system, in the
built or natural environment, that connects and communicates with its
physical counterpart to drive optimum value throughout the lifecycle

ISIC

Physical Digital

integration pfhysical world with dgital

The key: essential that the enterprise and the people within it, are structured,
organized and incentivized in a way that maximizes its’ use. ISIC
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in Asset and Pavement Management
Systems

The twin starts with the existing
system and evolves

What do you want to achieve? What data do you have?

Pavement Management Concept
Your Goal - your data to achieve it
Preserva tion OCI Rehabilitation
Initial Performance
Model based on last
treatment applied N
N Y YN
.
»od P\\ Spending $°
\\ nnnnnnnnnnnnnnnnn
e Qi (smpeh=0 L —
p e ] 40% Drop in Quality \_\/'" rec tion here.
/ 90>PCI>=70 o V3
| oeceesn | | ot
led ‘ . . -
et Mott MacDonald Restricted
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Systems

TOPCON

Project Manager Surveyor @

Predictive Insights — Entire Project

@1SIC
Data...the “gold” for Digital Twins

1

Data Capture

Efforts we make to
obtain the necessary
existing data to
complete the
project

2

Data Structure

Efforts we do to
organize and index
data so it can be

easily searched for
and retrieved

3

Data Integration

Efforts we make to
combine different
data sets to develop
better insights

4

Data Analytics

Efforts we perform
to analyse, calculate,
evaluate and

process project
data.

5

Data Production

Efforts we deploy to
create new data that
provides solutions to
the problems we are
trying to solve.

6

Data Delivery

Efforts we take to
manage ourselves,
our scope, our

schedules, our risk
and budgets so we
can safely deliver a
quality product.

ISIC
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@1S1C
Data...the digital footprint

ISIC

Mining your data “gold” to build
impactful digital twins

ISIC
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@!1SIC

Improvements Or Changes Decisions

44“
AZNPNIZNZIZNN L‘ﬂﬂ

N

\‘~ INFRASTRUCTURE & CONSTRUCTION ... |ns|ghts
. A

Outcomes Data

Physical Asset

Using Your Twin

ISIC

™
/" 25 FORCE MAIN

B/ T GuaLy

NOTE: HIYA OPTION LEGEND ITEMS ———_______
SHOWN IN PLAN VIEW. FOR PCCP o :
(OPTION, SEE TYPICAL SECTIONS,  SRIG i 5 e —

INDIANA
DEPARTMENT OF
PLAN & PROFILE
STA. 120400 "A" TO STA. 126+00 "A"
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6 e bt e e e

Earthwork Subgrade

= Earthwork begins once the project has staked

= The site will be balanced which moves material

from cut areas to fill areas.

= Additional material may be need to be added or

removed to accommodate the vertical profile

= Rough grading will further outline the shape of the

proposed roadway

= Cross slopes will be added to rough grading to

assist drainage and reduce other material usage

Grades will be check and verified for the
entire project

Checking grades is an important process to
verify

= Proper elevation are met

= Proper material usage

= Tie ins and matching fixtures

= QC/QA
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A subbase layer will be placed on the subgrade
layer and also have a membrane barrier place
over the subgrade

This provide stabilization, drainage and will be
fine graded for pre-leveling

It critical that the subbase layer is as smooth and
accurate as possible to reduce additional layer
material usage.

Continuous grade checks are strongly
recommended.

@!SIC

e vt e

Paving

= Asphalt pavers are designed with a self leveling
screed and will create the smoothest surface
possible

= Concrete pavers have fixed screed that place
material to a specific depth regardless of the
subbase or base course

= Asphalt and/or concrete can be used for either
base or wearing course

= Grade and slope verification needs to be
constantly monitored
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6 e bt e e e

Inspection

= Grades will be check and verified for the
entire project

= Checking grades is an important process to
verify
= Proper elevation are met
= Proper material usage
= Tie ins and matching fixtures

* QC/QA

3

T
[

FH
B Ly
LR

g |

e
el

UNITED TELEPHONE CO.
OF IDIANA

P o8 = 2
g2 #g #F ##
137:00

134400
conceeTe soewx

DEPARTMENT OF TRANSPORTATION
PLAN & PROFILE
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Level of Detail

What LOD is adequate and what data collection
equipment should be used?

s urse
sho X ase course
Hlﬁd ] |
sualdictionaryon
[Joroken ine A

slope |

earth foundation

YN e A Practical Approach
N to Level of Detail (LOD)

ISIC

Data Processing and Management

20

142
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Thank you

Questions?

ISIC
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Construction QC and QA

@!S

; ELE
£=_: MINNESOTA TRANSPORTATION M.rCE

CONFERENCE & EXPO

ISIC Track
Digital As-Built (DAB) and
Workflow of Pavement
Construction

Wednesday, March 18th, 2026 - Room 13,14,15
By
International Society for Intelligent Construction (ISIC)

IS-IC.ORG

ISIC Track O7
DAB for Improving
Construction QC and QA

By
Amanda Gilliland (Transtec-Terracon) and Scott Fernald (Granite Construction)

ISIC
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Construction QC and QA

Speakers Introduction

Amanda Gilliland Scott Fernald
Transtec-Terracon Granite Construction

ISIC

Learning Objectives

» Recognize how DAB supports construction QC/QA
» Understand key DAB data sources (PMTP, IC, DPS)

» Use DAB data to trace issues back to construction
operations

» Review real-world QC/QA case studies
« Learn from contractor experience using DAB in the field

ISIC

146



ISIC Track 07 - DAB for Improving 3/23/2026
Construction QC and QA

Outline

ISIC

Background on Data Sources

Intelligent Construction Technologies
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MDMS (Expanded E-Ticketing)

o,
e
"~

/Aﬂi

Material Delivery Management System

E-ticketing +

ISIC

PMTP

Paver-Mounted Thermal Profiler

S -
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IC

Intelligent Compaction

DPS

Dielectric Profiling System

Dielectric
to

Asphalt
Densities

ISIC
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Leverage with Veta ICT Software

INTELLIGENT CONSTRUCTION

AASHTO-Compliant

Outline

ISIC
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Paver Stops and Thermal Segregation

9 Temperature (°F)

w
,.,iDRS-based
| Eiow

“!  [@Moderate
E h] W Severe
C

“1

Source: Transtec Group

Location (1)

ISIC

Combine PMTP and DPS

Areas of low temperature
correspond to areas of low
Temperature

O eyt | PMTP temperature density

R
— O

Density, % of Gmm
(~) Density, % of Gmm (%)
990

Source: ISIC

ISIC

151



ISIC Track 07 - DAB for Improving
Construction QC and QA

3/23/2026

Combine PMTP and DPS (Cont’d)

43 4 M ElCn gy 2 14 bl 5 00
Latitude (7): 46.569197 Latitude (*): 46.652492
Longitude (*): -118.999422 Longitude (*}: -120.496000
Temperature ¥ Density, % of Gmm b

@ Temperature (°F)

ISIC

15
B S .
Source: Knik Construction
16
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Combine PMTP and IC

V search Customize the radius from the location coordinate. - o X
Northing (m) 4335987.686 | Compactor - All Passes | Compactor - Final Coverage | Thermal Profiler| Heat loss
Easting (m) 598105.703 300
Radius (m) 03
Use current filter group [ 280 T_otal compaction
time
Search -~ .
& 260 .
4
a .
® 240
v . .
£
8 220
Time between
paver and first 200
«—le q
breakdown ————————_[E€P€ ~—p
Rass 180
0 2 4 6 8 10 12

Elapsed time (minutes)

Source: Transtec Group I S I C

| tC ti [ Wind
Low core density in isolated locations on project - what is the cause?
4 PaveCool 11 . - a X Vv
E; ;Mﬂ ;; = ? Nocthing fm) 4335951712 | Compactor - Al Passes | Compactor - Final Coverage | Thermal Profiler | Heat loss
= Easting (m) 598145320 260
o
Start DateTene: n Radius (m) 03
Mix Temperature, *
21572023 313PM B PR Use current filter group L] b
Set to Current Tme ) Cooling Cunve
» Start Rolling Sescch —~ 220
Enmirormentsl Condiions 300 Stop Roling E
Ar Tesperstre [ 59 | F 280 -
Wind Speed 5 mph 5 200
Sy | Hmdsrery v - e
Lastude [ 5 | 240 & 180 3
\ E
Exatng Surfoce 20 4\ ) .
[ P >
e 1\ e "
Matens Coniton \ .
SufaceTerpeatrl | F Caladate 180 \ 140
e T .
120
StrtRoling [} marutes after laydown
140 0 5 10 15 20 25
iy = et 0 @ @ o & o @ Elapsed time (minutes)
Discainer patosa Time, minutes P
Source: MnDOT Source: Transtec Group
Compaction occurs outside the
recommended window. |S | C
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Balanced Rolling Patterns

‘Same paving day

*Axes vary - reference bars at 200°F, 10 minutes™*

- o X
Compactor - All Passes | Compactor - Final Coverage | Thermal Prafiler | Heat loss Compactor - All Passes | Compactor - Final Coverage | Thermal Profiler | Hest loss
300 260
1
280 240
s o 220
260 £
o o
5 5200
© 240 . 4
2 a 180
§ 20| £ £
] \ = 160
» \ ) " ‘
180 120
0 2 4 6 8 10 12 0 5 10 15 20
Elapsed time (minutes) Elapsed time (minutes)

~300°F at the paver ~250°F at the paver

Start rolling at: Start rolling at:

*  ~5 minutes after paver +  ~15 minutes after paver
» ~230°F e ~160°

Source: Transtec Group

Compactor - All Passes | Compactor - Final Coverage | Thermal Profiler | Heat loss

270

260

~
&
=)

b
8

-]
=

™
S
=]

o
S

Temperature (°F)
N
i
=]

™
=]

- a x

0 1 2 3 4 5 6
Elapsed time (minutes)

~270°F at the paver

Start rolling at:

e ~3 minutes after paver
e ~230°F

ISIE

Production

Balanced Paving - Accountability

I

Balancing the Paving Operation

Source: Asphalt Institute

ISIE
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Combining PMTP, IC, and DPS

Temperature

Direction of (10 Minutes)

Paver
S s (1T T T LI L e i v-é_:mi_ﬂ]ililﬂ!“ﬂll!
e s Roller passes Roller passes

() Pasz Count before paver after paver stop

- 1 roller pass on Densities after paver
 fo o edges correspond to stop with fewer roller
e density below 90% passes 90%-93%.

Source: NDDOT

Paver Stop (=) Temperature (°F)

Density, % of Gmm
(~) Density, % of Gmm (%)

ISIE

IC - Pre-Mapping

4500
LA te : 400
Yl g P - 35.0M
L R 30.0
o R : 25.00
g} 3 i 2o.o=
-> e 15.0

'/ 10.0[

Soft spot

‘-‘Vibe onl
detected L

(No Alignment)

s0.0ll ~

5.0 v |

Source: Knik Construction

ISIC
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AMNEDR

Northing () 1667572

Essting (1) 4596464
 Tempersture +]
(») Temperature (°F)

E-Ticket Id: 224752
Truck Id: 28
42 minutes at Dump Location

166663629

459969306

Use current fiter group.

Source: MNnDOT I S I C

Heat loss curves

Heat loss curve prior to cold .
segment Heat loss curve at cold section

| Thermal Profiler | Compactor - All Passes | Campactar - Final Coverage | Heat loss |

| Thermal Profiler I Compactor - All Passes | Compactor - Final Cmemge| Heat loss ‘

280 210 - —— _—

= Placement (PMTP) Vei'Q' placement AN Vei'a
260 - T 2004 . R
I 190\

o) & 180 .
z e i
% 5 1701 Compaction (IC)
o
- -
2 g 160+ .
£ 3 -
K] 8 150 N
140 . L B
e S A
130 ]
120 120 .
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70

Elapsed time (minutes)

Elapsed time (minutes)

ISIC
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Outline

ISIC

EQUIPMENT LOAN PROGRAM

Q@

U.S.Department of Transportation
Federal Highway Administration

In order to increase the likelihood of adoption of new
technologies, the FHWA's Mobile Asphalt Technology Center
(MATC) provides loan of several pieces of equipment to
agencies and confractors.

The idea is for the agency and contractor personnel to borrow
equipment for various lengths of time to evaluate and determine

if it meets their needs. Based on the MATC’s past experience, this
significantly increases the likelihood of adopfion, because the agency or
contractor doesn’t have to buy an expensive piece of equipment only to
find that it may not meet their needs. The equipment loan can last from a
duration of few weeks to several months.

Forrest.Hierholzer@gcinc.com

Forrest Hierholzer, QC Engineer (Granite Construction)

Paver-mounted infrared (Pave-IR) device
Circular Track Meter (CTM)

NDT Pavement Thickness (MIT Scan T3)
Dielectric Profiling System (DPS) for mat
and joint density

Aggregate Imaging System (AIMS) for
aggregate properties

X-Ray Fluorescence (XRF) device for
binder composition

Jig set for fatigue testing (I-Fit, TxOT) in
AMPT device

Corelok for bulk specific gravity of cores

Warm mix asphalt (WMA) foaming device

ISIC
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b
/({ Project Information Fair Oaks
(\\ Breakdown Roller X
o Intermediate Roller X
AN Finish Roller X
{ @\ Project Description  Mill and Fill: RHMAG | ~
\\\:\‘ D‘ate July 20th 2022 \\ {;f
«Q\\ L\‘\\ @
- \ ]
. it Project Information San Jose
N Breakdown Roller X
il . | Intermediate Roller X
{ %@ Finish Roller X
~ Project Description  Mill and Fill: WMA
S Date July 27th 2022
N woeries
L \
™ o .
Ly Project Information Highway 58
=@, | Breakdown Roller X
<2 Intermediate Roller X
Finish Roller X
= | Project Description Mill and Fill: HMA
Date _ June 8th 2022
100 KM 100 Miles 2n Diegy Wchla gta =l

Project Overview

Bellingham

50 KM 50 Miles

ISIC
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-84 Yakima

ISIC
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SR-16 Mesa

ISIC

Density (DPS)
and IC Pass
Count &
Temperature

INTELLIGENT CONSTRUCTION

160

3/23/2026
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42 04 b1 B O gy
Latitude [): 46.652407]
Langitude [7): -120.496029)

= RE
Latitude (7): 46652402 '

Longitude (}: -120.496000
| Pass Count

liﬁeniity, % of Gmm
(~) Density, % of Gmm (%)

Final Coverage
! Individual Passes

o
=
c
o
==
i,

Bl & 14 b0 E G
: Latitude (7): 46.652407]
Langitude [7): -120.496029)

44 04 M E O
Latitude (7: 46.552402
itude (°: -120496000

Final Coverage
Individual Passes

R . 00051
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o
(-

c

o
==
i,

44 14 b ELCn
Latitude (7): 46652492
Longitude [7): -120.496000

| Density, % of Gmm v
ensity, % of Gmm (%)

44 14 b L Cn g

Latitude (*): 46.652492
Longitude (*): -120.4%6000

| Density, % of Gmm
Density, % of Gmm (%)

162
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42 04 b1 B O gy
Latitude (7): 46.652407]
Longitude [7): -120.496029]

| Pass Count
@ Pass Count

Elton|Rd|

Elton Rd

§ Final Coverage
"0 Individual Passes

42 04 b0 B O gy
Latitude (7): 46.652407]
Longitude [7): -120.496029]

R Pass Count
@ Pass Count

& Final Coverage
"0 Individual Passes

Data Filtered: Temperature > 210 F

R el 0005
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4 M b B Ly

44 14 i B On g
Latitude (7): 261
Longitude (: -120426031

Data Filtered: Temperature > 210 F
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PWL

B Veta

INTELLIGENT CONSTRUCTION

DPS vs. Core

Eagied

=
o

=4
=
0§

7]

Sample Size

DPS Data

Mean Density (%)
Standard Deviation (%)

PWL (91-96%)

93.6
0.50
67,782
100

Sample Size

Core Data

Mean Density (%)
Standard Deviation (%)

PWL (91-96%)

93.9
0.74

100
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Cart Setup (June 2022)

Limitations

Slow Data Collection

Requires someone to operate
Heavy Equipment

Multiple Cords and Connections
GPS not included

ISIC
Truck Setup (July 2023)
Limitations
Requires two people to operate
Hard to maneuver
Heavy Equipment
ISIC

165
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Roller Setup (November 2024)

166
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Finish Roller Data (Pass Count)

A R Y = - iimik S
. \ 3 h

ISIC

ISIC
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Breakdown Roller Data (Density)

ISIC

Breakdown Roller Data (Pass Count)

ISIC

168
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Breakdown Roller Data (Temperature)

Temperature (F)

ISIC

169
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Roller Setup

Improvements
Does not require additional operator

Duals as Intelligent Compaction

Future Improvements
Hardwire equipment to roller battery

Improved user interface
Mobile app

Limitations

Increased roller footprint

Potential for overheating electronics
Water

ISIC

Roller Mounted DPS

ISIC
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Roller
ECM
Display
Radio
Wiring
GPS Receiver
Cell Modem

Base
Station

Equipment Setup

Outline

ISIC
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@151C
IS-IC.ORG
55
2026 ISIC NA Conference — Louisville, KY
/ . g 0 . -’“ : =.-. =.n_ll .hl
' D A [J /\
' [J
e
. S iy
ISIC
56
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THANK YOU!
SIC

INTERNATIONAL SOCIETY FOR INTELLIGENT CONSTRUCTION

ISIC

57
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ISIC Track 08 - Complete Paving DAB Workflow

Examples

A

Complete Paving Digital As-BuiAIt Workflow
Digital Workflow from Design to Construction for Pavements

Rebecca Embacher | Advanced Materials and Technology Engineer
ISIC Track — Digital As-Built and Workflow of Pavement Construction
Minnesota Transportation Conference & Expo

m DEPARTMENT OF Wednesday, March 18, 2026
TRANSPORTATION mndot.gov/

Goals (and alignment with One Minnesota Plan)

MnDOT’s 2023-2027 Strategic Plan has five key goal areas:

* Promoting a culture of safety
 Equitable and inclusive procurements

» Maximizing stewardship of resources
* Fiscal accountability
» Customer experience/service
¢ *Innovation

 Data Interoperability

* Fostering a thriving workforce

174
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Examples

m DEPARTMENT OF
TRANSPORTATION

Innovations in Scoping

Understanding Information Required for use by Intelligent Construction Technologies and
Required Accuracies

Collection of As-Builts
(What equipment to use? Accuracy and frequency/density of measurements needed)

175
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Examples

Existing pavement surface for AMG milling

» Extend collection a minimum of 1-2 ft
beyond width requiring AMG milling

¢ Include tie-in points

* AMG Milling using Relative Surface

« Lidar measurements only!

* AMG Milling using Robotic Total Stations
* Lidar measurements and/or
- DTM
» 50-ft or less in tangents

» 25-ftorless in super elevations, vertical curves, or
sections with significant elevation changes

Existing surface for AMG muck excavation

« Extend existing surface about 50 feet
beyond muck excavation limits

* Includes entire project

* Calculation of quantities

» Surface to surface comparison

¢ Inplace AMG Muck Excavation Surface
(LandXML)

* Bottom of AMG Muck Excavation Surface
(LandXML)

176
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Examples

Horizontal alignment files

Intelligent Compaction / Paver-Mounted Thermal Profiling

e LandXML format
* Veta/ VetaCenter

» Contractor Vendor’s Software

 Equipment horizontal accuracy

e Plus or minus 2 inches

Horizontal alignment files
Data Acquisition Systems | Intelligent Compaction / Paver-Mounted Thermal Profiling

Use on data acquisition systems during execution of the Work

177
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Examples

Removal of extraneous measurements
Roll-off from roller | Intelligent Compaction

Before trimming of data using offsets from alignment

Removal of extraneous measurements
Exception areas | Intelligent Compaction / Paver-Mounted Thermal Profiling

10

178
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Horizontal alignment files
Data analyses for basis of payment and monetary adjustments

o [ Moderse-iow (%) |Low | Low (%) | Lt sublet | Lart sublet
Lengtn 0 | T Category
et

11
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Examples

Layer Boundary

AC Stripping
Sublayer layers é“ { I ﬁ
and distresses

Red mdlcates underground rail

Detecting foreign
materials in a
pavement system

Estimating
effectiveness of
drainage in pavements

Relative compaction in
asphalt (new construction)

1l o i '
1070+50 1071+00 1071+5 72+00 1072+50 1073+00 1073+50 1074+00 1074+50

Slide courtesy of Eyoab Zegeye, MnDOT

GPR applications

13

Collection of layer thickness data

Example for AMG milling

Collect 2D or 3D GPR with coordinates
* 2D GPR

 Inner and Outer wheel Path
 Extract pavement depths at 1 foot or less
« [f available, collect GPS coordinates with dielectric measurements

 Does not work well for roadways with delamination and/or older road-
mix base courses (use 3D)

* 3DGPR

» Minimum of 1 pass per lane (capture inner and outer wheel paths)

» Recommended: 2 passes in each lane (1 on left side of lane, 1 on right
side of lane)

14

180
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YRS
Latitude (7): 44.620567
Longitude () -93.502434
Thickness -

Drape GPR data
In design
platform when
creating AMG
milling depth
surfaces

Underlying
site
conditions

181
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Examples

Elevation
868.522|
868.578]

PointID  Northing Easting
3282 209228 507302
3283 209227 507302
3284 209225 507302
3285 209224 507302
3286 209222 507302

870.018
870.078
870.136
870.194
870.272
70233

507300
507300
507300
507300
507300
RN730N

3306
3307
3308

209190
209189
209187
3309 209186
3310 209184

3211 204189

Provide GPR layer thickness data to Design

Traditionally raw data not provided, but only
summary statistics!

» Workflows requiring updating to accommodate for
technology needs.

Provide in consumable format for design
platform

Include X-Y coordinates and layer thicknesses

Raw 3D GPR spacing too dense for most design
platforms (21 sensors, 6 inch spacing!)

 Export average results (e.g., 25-ft increment)

17
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ISIC Track 08 - Complete Paving DAB Workflow

Examples

m DEPARTMENT OF
© TRANSPORTATION

Additional design constraints and reviews may be needed for use with intelligent
construction technologies

21

Example of design constraints for AMG milled surface models

Standard milling teeth Microbit milling teeth (micromilling)

¢ Maximum and minimum milling depths < Minimum mill depth = 1/8”

. « scratched surf
« Cross-slope corrections scratched surtace

. . . e Maximum mill depth = 3/4"
* Critical project constraints

e Upto 1” allowed to support profile and
smoothness, however, should be limited

* Minimal profile change due to increase in teeth wear and reduction

in production rates

 No shoulder Pl impact

* Flood planes, etc.

22

184
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ISIC Track 08 - Complete Paving DAB Workflow

Examples

AMG model width extents

Understanding construction equipment and technology

AMG Milling

* Extend surface 1-2 ft beyond AMG milling
* AMG Milling Depth Surface and

* Existing Pavement Surface (required with AMG
relative milling)

» Model extension reflective of existing
slope in AMG milling region should
breakline exist in extended surface

Grade Control

» Extend surfaces to limits of activity

23

Model extended only to edge of
traffic lanes

185

3/23/2026
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Examples

Model extended into shoulders
(1.5 ft beyond traffic lane edge)

I

File overlaps
Certain operations are not paused at an exact longitudinal location

* Model extents overlap by 300 feet
* Elevations / mill depths must match on overlaps!

* Models match any tie-ins

Segment (Model/File) 1: 0+00 to 1
Segment (Model/File) 2: 100+0

del/File) 3: 200+00 to 300+00

26
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ISIC Track 08 - Complete Paving DAB Workflow

Examples

Removal of extraneous data from surfaces

* Linework
¢ Do not include 3D linework that is not part of Work
» 2D linework is used for horizontal guidance
« Do not include duplicate and overlapping linework

* Trim existing surfaces to a manageable size to only include areas requiring the
Work plus a “buffer” (e.g., 1- to 2-ft buffer for AMG milling)

« Grade control / AMG muck excavation have larger triangulation allowing
import of larger surfaces that do not require trimming

27

Knowing what is needed for model review and construction

Example AMG milling | AMG Milling Report

AMG Milling Report (XLSX) Used By
» Cross-slopes (existing and design) * Engineering estimates
« Mill depths * Department and Contractor
« Recycled asphalt pavement (RAP) * Model review
quantities

» Construction

28

187
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Examples

Knowing what is needed for model review and construction

Example AMG milling | Cut/Fill Maps

* Cut/Fill Map — AMG Milling Depth (LandXML and DGN)
» Generated using surface-to-surface comparison and Thematic Heights

 “Existing Pavement Surface” to “AMG Milling Depth Surface”

 Cut/Fill Map — Remaining Bituminous Thickness (LandXML and DGN)
» Generated using surface-to-surface comparison and Thematic Heights
 “Bottom of Existing Bituminous Surface” to “AMG Milling Depth Surface”

« Data to generate “Bottom of Existing Bituminous Surface” is provided by Materials —
from 2D/3D Ground Penetrating Radar (GPR) data

29

Cut/Fill Map: Remaining bituminous thickness (platform)

“Bottom of Existing Bituminous Surface” to “AMG Milling Depth Surface”

Desired Design = green
through blue

Materials requested
1.57 (0.125")
bituminous platform to

remain

30

188
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Examples

AMG Milling Depth (Cut/Fill Map)
AMG Relative Milling — Use for milling settings

8R-13R
Joint Match: Cross Slope

13L-8L
Daylighting
8L-CL
Joint Match:Cross-Slope

AMG Milling Depth (Cut/Fill Map)
AMG Relative Milling — Use for milling settings (cont)

13L-8L | BRI
Cross-Slope:Joint Match | | j Joint Match:Cross-Slope

8L-CL Blue = day lighting
Depth:Joint Match

189

3/23/2026
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Examples

Understand tolerance / performance specification requirements

Table 2399.5-1

Smoothness Incentive/Disincentive and Corrective Work for Bituminous Pavements

* Milling machine
follows model!

" Smoothness Incentive/Disincentive
Equation 2 d i s
inches/mile $/0.1 mile o |rregu|ar|t|es can
<25.0 400.00 cause
HMA-A 25.0-75.0 800.00 — 16.000 x Smoothness roughness/chatter
(3 lifts or more) >75.0 Corrective Work to < 50.0 inches per mile
<300 2000 e Error in construction
HMA-B 30.0-280.0 594.00 - 10.800 x Smoothness
(2 lifts) >80.0 Corrective Work to € 55.0 inches per mile  Teeth wear
<35.0 180.00 « LiDAR Scan
HMA-C 35.0-95.0 390.00 - 6.000 x Smoothness
(1 lft) >95.0 Corrective Work to £ 65.0 inches per mile * AMG equipment
33
oael IR 00 and B D 1€ 0 (Pave 00
Utilities Collaborate View Help Civil Solutions
o Rl = =)
o Corridor |Alignment Compare Corridor Alignment Import
IRI IRI IRI Bump  Bump
72?&’: by 717[:(”" 90 Pave Smaoth
- //
100 ;\; ' , )
-0.4 e~ T
100 200 300 0.5 066 & 1000 00— —10 |
-0.8
m.ﬁ CCIVIL '1“ 100 200 300
5§9LyT|0Ns ProfLE - ivi0
DEPARTMENT OF il
TRANSPORTATION PROGRAMMING
34
190
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ISIC Track 08 - Complete Paving DAB Workflow

Examples

Examples of how to improve smoothness

« If designing with vertical point of intersections (VPISs)

 Use 25ft tangents and

 Ensure difference in slope between tangents is less than 0.20 percent
* Use of vertical curves significantly improves smoothness
* Using parabolic / spline-based curves at start/end of super elevations
* Other irregularities may be caused by:

e Template drops

« Station equations

35

Understanding “what is good enough” — project by project basis

500

Long Continuous
IRI (in/mi)

36

191
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Examples

Proposal and Plans

Bid Package

DEPARTMENT OF

TRANSPORTATION

37

Discipline Models

Right of Way

Federated
Model

Geotechnical

Excludes electronic data
provided under MnDOT
1205.2, “Additional
Information”

Discipline Model
—

Project-Specific Electronic Data

Exchange Data

Other Sources

38

192
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Examples

SP 1103 Definitions (P-SED)

Plans

The Plans, profiles, typical cross-sections, and-Standard Plans
and Project-Specific Electronic Data that show the locations,
character, dimensions, and details of the Work.

39

SP 1504 Coordination of Contract Documents (P-SED)

A requirement appearing in one of the Contract documents is as binding as though the
requirement appears in all. If discrepancies exist between the Contract documents, the
following order of precedence applies:

Addenda

Special Provisions

Discipline Models

Exchange Data

)

)

)

)

) Federated Model
) Project-Specific Plans Sheets

) Supplemental Specifications

) Standard Plans and Standard Plates
)

Standard Specifications

40
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Examples

Index Table

CONSTRUCTION PLAN FOR ___. GRADING,

MINNESOTA DEPARTMENT OF TRANSPORTATION

BRIDGE 63402 OVER BADGER CREEK

LOCATED ON_. TH 92, 2 MILES EAST OF TH 32,

sonurias

STATE PROJ. NO. ___
05s LNGTH, I

_6304:15
0. e

)

Enns? e 15

2
3
. OF DISCIPLNE MODELS
s
A

INDEX

SHEETNO.  DESCRPTION

xcanGE
ESTIMATED QUANTITES

TYPICAL SECTIONS
BOX CULVERT SHEETS

erreamesso

s

BEGINSP ga0e 15
0011550
w1

"PROPOSED BRIDGE NO. 63102

SHEET NO.

w05 EXSTING BRIOGEN 6020 B1-B5

INDEX

DESCRIPTION

TITLE SHEET

CONSTRUCTION PLANS FORMAT SUMMARY

FEDERATED MODEL

CERTIFICATION OF DISCIPLINE MODELS

EXCHANGE DATA
ESTIMATED QUANTITIES
STANDARD PLATES & PLANS
TYPICAL SECTIONS

BOX CULVERT SHEETS

THISPLAN CONTAINS XX SHEETS

A 105415.69

STATE PROL NO.
PROJECT LOGATION -
COUNTY . BERIAKE....

0015 __

Ao

DISTRICT :_p28EMm

5P 6304-15
(TH. 92:65)

TITLE SHEET
rowsens 14

41

Construction Plans Format Summary

CONSTRUCTION PLANS FORMAT SUMMARY (1)
HISTORICAL PAPER PLAN SECTIONS PLAN FORMAT LOCATION
TITLE SHEET PDF
GENERAL LAYOUT P-SED
ESTIMATED QUANTITIES PDF
STANDARD PLANS AND PLATES PDF
TABULATIONS P-SED
UTILITY PLAN P-SED
TYPICAL SECTIONS PDF
DESIGN DETAILS P-SED
STANDARD PLANS PDF
ALIGNMENT PLANS P-SED
REMOVAL PLANS P-SED
CONSTRUCTION PLANS FORMAT SUMMARY P-SED
DRAINAGE PLANS P-SED
DRAINAGE PROFILES AND TABULATIONS P-SED
HYDRAULIC DETAILS P-SED
ENVIRONMENTAL MANAGEMENT PLANS PDF
SWPP PLANS AND WATER RESOURCES NOTES PDF
EROSION CONTROL AND TURF ESTABLISHMENT PLANS |P-SED
TRAFFIC CONTROL PLANS P-SED
PERMANENT PAVEMENT MARKING PLANS P-SED
CROSS SECTIONS P-SED
BOX CULVERT PLANS PDF

(1) SEE FEDERATED MODEL, CERTIFICATION OF DISCIPL

INE MODELS, AND/OR EXCHANGE

DATA PLAN SHEETS FOR P-SED PLAN FORMAT LOCATION.

* PDF (traditional format), or

 P-SED (digitally delivered)

42
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Examples

Federated Model

If two or more Discipline Models digitally delivered

FEDERATED MODEL (1)

FEDERATED MODEL NAME

DESCRIPTION

SHA256 FILE HASH VALIDATION CODE

123456_FEDERATED.dgn

‘COMENNED DISCIPLINE MODELS

‘b5?90dc1GWGEdﬁeQWSadQEBSW 614db4f6e09bc85f89ac2bb8e21865618422¢20

(1) SEE DIVISION S SPECIAL PROVISION (1203) ACCESS TO PROPOSAL PACKAGE (PROJECT-SPECIFIC ELECTRONIC DATA [P-SED]) FOR LINK TO FEDERATED MODEL. INFORMATION
WILL BE TRANSFERRED TO AN ALTERNATE PLATFORM AFTER CONTRACT APPROVAL. CONTACT ENGINEER FOR PLATFORM TO BE USED DURING THE WORK.

SP 1234-56 SHEET NO.

FEDERATED MODEL

(TH78) TOTAL SHEETS

43

Certification of Discipline Models

If two or more Discipline Models digitally delivered

CERTIFICATION OF DISCIPLINE MODELS (1)

DISCIPLINE MODEL NAME DESCRIPTION SHA256 FILE HASH VALIDATION CODE LICENSED PROFESSIONAL NAME
123456_Design.dgn DESIGN MODEL 1cB83e3467e5d6abcef39a80b4fd703c822e27ca’e5547e93b461057a38f593c | DARRYL B. MORETICOME
123456_Hydraulics.dgn HYDRAULICS MODEL 92c20: bfbdge6 112559 780042198e9e0c15d72e4b50 CRYSTAL BALL
123456_Traffic.dgn TRAFFIC MODEL bc065969485247d140227 c2f8ba0d437b49e 14ea490d7 2d7fce2ace2307aedbe  |ANNE TEAK
123456_Surveys.dgn SURVEYS MODEL 112f18d7cec787d469323fd74b7917e01a9b4562ca52c09baf28 1celbad9sf ELLA FANT

OF THE STATE OF MINNESOTA.

PRINTED NAME:
SIGNATURE:
LIC. NO.:

DATE:

| HEREBY CERTIFY THAT THE DISCIPLINE
MODEL(S) INDICATED ON THIS SHEET WERE
PREPARED BY ME OR UNDER MY DIRECT
SUPERVISION AND THAT | AM A DULY LICENSED
PROFESSIONAL ENGINEER UNDER THE LAWS

| HEREBY CERTIFY THAT THE DISCIPLINE | HEREBY CERTIFY THAT THE DISCIPLINE
MODEL(S) INDICATED ON THIS SHEET WERE MODEL(S) INDICATED ON THIS SHEET WERE
PREPARED BY ME OR UNDER MY DIRECT PREPARED BY ME OR UNDER MY DIRECT
SUPERVISION AND THAT | AM A DULY LICENSED SUPERVISION AND THAT I AM A DULY LICENSED
PROFESSIONAL ENGINEER UNDER THE LAWS PROFESSIONAL ENGINEER UNDER THE LAWS
OF THE STATE OF MINNESOTA. OF THE STATE OF MINNESOTA.

PRINTED NAME:
SIGNATURE:
LIC. NO.:

DATE:

PRINTED NAME:

(1) SEE DIVISION S SPECIAL PROVISION (1203) ACCESS TO PROPOSAL PACKAGE (PROJECT-SPECIFIC ELECTRONIC DATA [P-SED]) FOR LINKS TO DISCIPLINE MODELS. INFORMATION WILL BE
TRANSFERRED TO AN ALTERNATE PLATFORM AFTER CONTRACT APPROVAL. CONTACT ENGINEER FOR PLATFORM TO BE USED DURING THE WORK.

| HEREBY CERTIFY THAT THE DISCIPLINE
MODEL(S) INDICATED ON THIS SHEET WERE
PREPARED BY ME OR UNDER MY DIRECT
SUPERVISION AND THAT | AM A DULY LICENSED
LAND SURVEYOR UNDER THE LAWS OF THE
STATE OF MINNESOTA.

PRINTED NAME:

SIGNATURE: SIGNATURE:
lC. NO.: UIC. NO.:
DATE: DATE:
SP 1234-56 SHEET NO.
CERTIFICATION OF DISCIPLINE MODELS
(TH78) TOTAL SHEETS

44
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Examples

Exchange Data

EXCHANGE DATA (1)

EXCHANGE DATA NAME

DESCRIPTION

SHA256 FILE HASH VALIDATION CODE

123456_Removals dgn

REMOVAL ITEMS

b5790dc16165d52918ad96831614db4f6e09bc85f89ac2bb8e2 18656 18422c20

123456_Proposed_Finish_Grade xml

PROPOSED FINISHED GRADE SURFACE

c83e3467e5d6abcef39a80b4fd703c8f22e27ca’e5547e93b461057a38f593c

123456_Grading_Grade xml

GRADING GRADE OR BOTTOM OF AGGREGATE SURFACE

bc065969485247d140227c2f8ba0d437b49e14ea490d72d7ice2aee2307aedbe

123456_Bottom_of_Selectxml

SUBGRADE OR BOTTOM OF SELECT

db8bb7b4f752ale53715540ab83d92b677 c322e8b5 1b2c47f393cd8715dfeSb

123456_Proposed.dgn

PROPOSED ITEMS

T94f973bb7ab4ea9950d0bbed3fd4a2dc7 acfc2if2eedSbad 11148 5bc988cd54

123456_Pipe_Culvert.dgn PIPE CULVERT 67e5d6dbba2404bb9543b452528443933968717d3109867f2a03b4efedbblc60
123456_Erosion_Control.dgn EROSION CONTROL ©0929144c894303ddf866ed9889306bfdid2e2bc80b40823dbe8325fd0%bfdc43
123456_Turf_Establishment.dgn TURF ESTABLISHMENT b1cfa20a9c61aef558c9c94978383152c36c0eed 1digc8ebla3d48fa7 4021816

123456_Pavement_Markings.dgn PAVEMENT MARKINGS be951dac3d3534068fff3498e93cde 256868 17b69f8d4667 c9856e26fe2dc9IS0

123456 _Traffic_Control.dgn

TRAFFIC CONTROL MARKINGS

9b74d27218269alcld24e824dc56a0detb9edcd474e06ae08da7 3a309c09e2eb

123456_INPTH78_Profile.xml

CENTERLINE HORIZONTAL ALIGNMENT AND VERTICAL
PROFILE GRADE

10kl4d27218269alcld24e824dc56a0debbIedcd47 4e06ae08da73a309c09x4wl

123456_INPTH78.xml

CENTERLINE HORIZONTAL CONSTRUCTION ALIGNMENT

1d56944e453b741065223acd2fddbbc86a259a9ale37 c06fi9f7bd7fobced4

123456_PayltemRawDataReport xisx

REPORT OF PAY ITEMS AND LOCATIONS

bbBee585d88e5a89fcBea’ 3b660d1fh40aaa3bbagd943d32565d8fef3b454f0b1

123456_Staking_Report xisx

CONSTRUCTION SURVEYING STAKING REPORT

5bdb41f36006db635ccd35d35f92ed311e4876a8801c32022dcd 2073a05ff3cd

(1) SEE DMISION S SPECIAL PROVISION (1203) ACCESS TO PROPOSAL PACKAGE (PROJECT-SPECIFIC ELECTRONIC DATA [P-SED]) FOR LINKS TO EXCHANGE DATA. INFORMATION
WILL BE TRANSFERRED TO AN ALTERNATE PLATFORM AFTER CONTRACT APPROVAL. CONTACT ENGINEER FOR PLATFORM TO BE USED DURING THE WORK.

EXCHANGE DATA

SP 1234-56 SHEET NO.

(TH78) TOTAL SHEETS

45

DEPARTMENT OF
TRANSPORTATION

m

Example of innovation saving the parade!

AMG Milling using Robotic Total Stations

196
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Utility Plan Sheet

47

Urban Project Components

» Watermain replacements
 Repair/replace drainage structures
 Replace trunk storm sewer line

* Sanitary sewer replacements
 Reconstruct pavement and subgrade
* ADA improvements

* New sidewalk and curb and gutter

48
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Examples

Settlement measurement after first spring thaw

PROPOSED T.H. 135
STA 680+31.2 TO 680+92.0 TRANSITION TO OFFSET CROWN
STA. 680+92.0 TO 696+40.0 OFFSET CROWN
STA. 696+40.0 TO 697+20.0 TRANSITION TO NORMAL CROWN
STA.697+420.0 TO 702+19.6 NORMAL CROWN

T RW135 (MAIN STREET)

200 | 40"
NO GORE IN THIS AREA
® SETTLEMENT AREA THRU LANES MEET AT CENTERLINE
gy
2-10® 12! \CNA{@ . . 2-10® 7-13
PARKING LANE THRU LANE _GORE THRU LANE PARKING LANE
> ® e 1
-—0.025 | 0025 GRADE 0.025— >
0.045—m R
— 1]
e - g e
2 1/2" TYPE SP 9.5 WEARING QOURSE MIX (3,C) (SPHEAJ400) By ey o
21/2% TYPE SP 9.5 WEARING (QOURSE MIX (3,1 (SPHE: 524 CURB:
& GUTTER
0 AGRRECATE BASE (cv) cLAfS & GEOTEXTILE
5524 CURB & GUTTER 19 -sevedr Sk FABRIC TYPE 5(3)
EMBANKMENT NoD 102]cv) GRADING GRADE
SANITARY SEWER
TRENCH
INSET K (PAR} ® INSET L (AMENITY 7
\ K-\

49

Video of settlements after first spring thaw

50
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Examples

Design criteria

* Match in-place curb

* Maximum mill depth

e Minimum of 5 inches of existing material to be
left in-place

» Maximum cross slope

» Drainage and Ponding

51

Created AMG Milling Depth Cut/Fill Map

Quick view — Construction staff (mill depths — daylighting)

2. A6 )

"""*"ﬂﬂ""'uwm!w : - ' g
: - Y e e . : : e .
. Y O :, = QE"I . | 0 WMM
Ly BETT f 3 ; .

- ; P = ] he—

—

52
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Fill areas

Marked areas to be pre-filled with leveling course to prevent daylighting of mill head

53

AMG equipment setup

Y

—=w

* RTS control milling on side
of road

* 1-mast receiver with
prism running control off

» Wavey and varying
thicknesses

54
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Milling operation

o 8-ft mill
* Driving lanes — AMG milling

 Both passes 3D

« First pass (8-ft): depth — depth

 Second pass (4-ft): joint match - depth
* Parking lanes

 Conventional milling

« Joint match (driving lane surface) — joint match (curb)

55

201
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202
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Examples

Variable depth

Bumps and dips were successfully
removed using AMG milling

59

Finished product

Mill was within tolerance of 0.02 ft the entire time

Roadway profile, smoothness, and drainage corrections successfully corrected!

60
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Examples

m DEPARTMENT OF
TRANSPORTATION

Thank You!

Rebecca Embacher

Rebecca.Embacher@state.mn.us
651-373-5222
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Agenda

Time
08:00 AM — 08:30 AM

08:30 PM - 09:30 AM

09:30AM - 10:15AM

10:15AM - 10:30 AM
10:30AM - 11:15AM

11:15PM - 12:00 PM

Topic
ISIC Track 01 -

Introduction and Overview

ISIC Track 02 -

Speakers

Dr. George K. Chang
(Transtec-Terracon)
Rebecca Embacher

) (MnDOT)
DAB from the Material
Delivery Management
System (MDMS)
ISIC Track 03 - Tom Chastain (Wirtgen
- Group)
DAB from 2D/3D Milling
Break
ISIC Track 04 — Jim Preston (TOPCON) and

DAB from 2D/3D Paving

and Thermal Profiling
ISIC Track 05 —

DAB from Intelligent
Compaction

Craig Lamarque (Wirtgen
Group)

Todd Mansell (Caterpillar)

Time
01:00 PM - 01:45 PM

01:45 PM - 02:45 PM

02:45 PM - 03:00 PM
03:00 PM - 4:00 PM

4:00 PM - 5:00 PM

5:00 PM

Topic
ISIC Track 06 —

DAB for Living Models in
Asset and Pavement
Management Systems
ISIC Track 07 -

DAB for Improving
Construction QC and QA
Break

ISIC Track 08 -

Complete Paving DAB
Workflow Examples

ISIC Track 09 —

Open Panel Discussion

Adjourned

Speakers
Jim Preston (TOPCON)

Amanda L. Gilliland (Transtec-
Terracon) and Scott Fernald (Granite
Construction)

Rebecca Embacher (MnDOT) and
Scott Fernald (Granite Construction)

Moderator: Curt Turgeon (MnDOT)
Panels:

DOTs (MnDOT, NDDOT), vendors
(Caterpillar, Trimble, Wirtgen,
TOPCON),

contractors (Granite, KnifeRiver),

associations (MAPA), consultants
(Transtec-Terracon)

ISIC

Learning Objectives

N

Gain a comprehensive
understanding of Digital
As-Built (DAB)
technologies and their
application in pavement
construction workflows.

N

Explore how DAB
enhances quality
control and assurance
in construction projects.

N

Discover how DAB
workflows and software
technologies support
updates to asset and
pavement management
systems.

4

Engage with
perspectives from
agencies, industry
leaders, and
contractors.

ISIC
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Panel Members

Moderator
1.
’.‘t
Ll
MnDOT
Agency Vendors Contractor Consultants
2 & » O W
MnDOT  wirtgen ~ TOPCON Caterpillar Wirtgen Granite Construction ~ Transtec-Terracon WSsB
ISIC
5
PollEv.com/georgechang324
ISIC
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