Introduction to 3D, 4D, 5D, Schedule,
Cost and Post-Construction

September 1, 2015
1:30 pm - 3:00 pm EST

e US. Department of Transportation EDC-3 3D Engineered Models:

Federal Highway Administration Schedule, Cost and Post-Construction



Why has FHWA selected 3D Modeling
again for EDC3?

FHWA l[aunched Every Day Counts with its
partner AASHTO in 2009

Second series of ECD technologies launched
in 2012.

3D Modeling was included

— 8 webinars

— 12 workshops

— 4 on-line training courses

— Website https://www.fhwa.dot.gov/construction/3d/

— Field demonstrations




Recordings of Previous Webinars
http://www.fhwa.dot.gov/construction/3d/webinars.cfm
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3D Engineered M Accelerated Construction e-Construction Intelligent Compaction Slide-in Bridge Construction SHRP2

Surveying 3D Design Construction Post-Construction Training Resources

3D Engineered Models Webinar Series

« This is among the Every Day
Counts (EDC) initiatives. Learn
more about EDC

One of the technologies for the FHWA's Every Day Counts (EDC) initiative is 3D Engineered Models for Construction. A series of eight webinars have been
developed to assist the FHWA's transportation partners in adopting this proven technology. The webinars are given in a "cradle to grave” sequence.
Participants will hear how contractors incorporate 3D engineered models in their workflow of bidding and preparing to execute construction

« Webinar Series Summar,
Who Should Attend This webinar series is for local, state, and federal highway agencies, as well as consultants, surveyors, equipment manufacturers,

software developers, and contractors who support these agencies in designing and constructing transportation facilities. Viewing previous webinars in the
series will be beneficial.

« Douglas Townes

Resource Center (Atlanta)
« Overview of 3D Engineered Models for Construction 404-562-3014

November 20, 2013 1:00 p.m. - 2:30 p.m. Eastern

Presentation {.pdf, 2.2 mb)

Creating 3D Engineered Models

January 8, 2014 1:00 p.m. - 2:30 p.m. Eastern

Presentation (.pdf, 4.9 mb)

« Applications of 3D Models in the Construction Office
February 19, 2014 1:00 p.m. - 2:30 p.m. Eastern
Presentation (.pdf, 3.5 mb)

Recorded Webinars

E-mail Douglas
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State Implementation During EDC2

3D Engineered Models for Construction

* Institutionalized
. Post-Demonstration

. Demonstration
. Pre-Demonstration

Opt Out of EDC

(December 2014)

@ Federal Lands Highway
Puerto Rico

@ US Virgin Islands
Washington DC

Dec 2014

Jan 2013

3D Engineered Models for Construction

1 1 1
10 20 30 40 50 60
Number of States in Various Implementation Stages

. Post-Demonstration . Pre-Demonstration
I pemonstration [ ] optoutof EDC
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EDC3 Baseline Implementation

[ National Leader
[ Exploring ]
[ Discussing ]

n States’ self-reporting



3D Modeling is Dynamic

New innovations are coming on the market
every day

More accurate LIDAR

Software advances accommodating
collaboration between partners

New specifications for owner quality
control

More uses of initial survey data
Better utility location data management




3D Engineered Models Webinar Series

Today Introductionto 3D, 4D, 5D Schedule, Cost and Post-Construction
Oct 2015 Using 3D Digital Data for Construction Engineering & Inspection
Nov 2015 Creating and Using 3D Models of Highway Structures
Jan 2016 Uses of 4D and 5D Models in Highways
Feb 2016 Getting Started with 4D and 5D Modeling
Mar 2016 Collection and Use of 3D Digital As-built Records

Apr 2016

Use of 3D Digital Data for Asset Management

Every Day Counts 7



Audience Demographics Polls

Please respond to the polls on screen.




Douglas Townes, PE (FHWA Resource Center)

Welcome and Introductions




Today’s Speakers

Douglas Townes, PE
FHWA-Resource Center

Welcome, Introductions & Webinar Series Information

Francesca Maier, PE

Parsons Brinckerhoff New Technology Focus Areas

Evan Rothblatt, EIT

AASHTO AASHTO Support for EDC and Innovation

Nelson Aguilar, PLS

Caltrans District 4 Lessons Learned with the Technologies

Francesca Maier, PE

Parsons Brinckerhoff Moderated Question & Answer Session

Douglas Townes, PE

EFHWA-Resource Center Next Webinar Information & Close
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Francesca Maier, PE (Parsons Brinckerhoff)

Technology Focus Areas




Learning Objectives

e Introduce and use terminology that
describes 3D, 4D, and 5D Engineered
Models

e Distinguish between the three main focus
areas for EDC-3 and identify the link to
EDC-2 focus areas

 Describe the purpose, need and benefits
for the three new focus areas

S ——




Terminology

RTK GNSS Rover

4D Model 3D Geospatial Data
Post-Construction N
Roadway Inventory  Surveying Subsurface Utility
Engineering

Asset Management Mobile LIDAR Terrestrial LIDAR

Point Cloud Acceptance 5D Model

Remote Sensing GIS Real-time Verification

Every Day Counts 13 _




.

Applications of 3D Data

6/13/2009

Every Day Counts 14

arsons Brinckerhoff



Construction Engineering & Inspeciti
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Structure Models: Design Coordination
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Structure Models: Analysis & Plans




4D and 5D Modeling

Task Name |Duration |5tart T F MR M| T w7 |F
Project 19.47 days BIBI2014 —
| Start | 0 day | 5612011
TaskA | 4days | 5812011
Task B 5.3 days BIGI2011
TaskG | 515days | 51272011
TaskD | .32 days §/12/2011
TaskE | 515days | 519/2011
TaskF | 45days | 5202011
Task G 515days | 5/26/2011
Finish | 0 day | 822011

AL Z =
CONSTRUCT NEW BRIDGE
I CRECT TEMPORARY SUPPORTS
BUILD DETOUR/STRUCTURES
DEMOLITION

6/13/2009
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Convergence of Geospatial Data Systems

Geographical We are here
Information
Systems

Engineering and
Surveying Data

< We will be here

Still separated, but getting
closer: Coordinate Systems,
accuracy, & detail level are

becoming equally important!

Every Day Counts 19



Subsurface Utility Locating
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Creating Digital As-Built Records

w?

K.y - AV

555555

Construction is the safest, most cost-effective time to capture position information

Every Day Counts 21




3D Data for Asset Inventory and Condition

HOME GALLERY MAP GROUPS MY CONTENT Find maps, applications and more.,.QI

p I_ n N A collaborative information site brought to you by UDOT :

UDOT PLANNING NETWORK

UDOT Pavement Maintenance Station Utah's Unified 2011 Daily Traffic Map -
Management Map Information Transportation Plan Map AADT

 Multi-disciplinary collaboration
 Preconstruction uses still being explored
12 roadway assets inventoried

6,000+ center lane miles mapped in 1 year
— EveryDayCounts 22 _




Summary of EDC-3 Technologies

o CE&I workflows

o Structural models

« 4D/5D Modeling

* Post-construction survey data
 As-found survey data

Every Day Counts 23




Poll Group 1

Please respond to the polls on screen.




Evan Rothblatt, EIT (AASHTO)

AASHTO Support for EDC

| |
{ 3 v
anada nnovauaon ...
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Current AASHTO Innovation Initiatives

Active Lead States Teams Focus
Technologies

s Carbon Fiber Reinforced Polymer Strands
* e-Construction l,;'1'

» Plans on Deman
= Automated Traffic Signal Performance Measures

» i y Information System
= UPlan Phase II

» Watershed Resources Registry

s Embedded Data Collector

s Sequential Flashing Warning Lights for Work Zones
s Towing and Recovery Service Partnership

AASHIO

Innovation Initiative

Access earlier Lead States Team Focus Technologies

Additionally Selected Technologies (ASTs)

Bridge Expansion Joint System

Prep-ME Software
+ Sandwich Plate System Bridge Decks

Double Crossover Diamond Interchange

Every Day Counts 26




Poll Group 2

Please respond to the polls on screen.




Nelson Aguilar, PLS (Caltrans District 4)

Building the Modern DOT

Introducing 3D Engineered M_og_e_jg,
to Caltrans District4

- #
- __,'/

- -




Caltrans Mission Statement

Provide a safe,
sustainable, integrated
and efficient
transportation system to
enhance California’s
economy and livabillity.




About Caltrans - District 4

Eﬁ  Encompasses the 9 counties of Alameda, Contra
Gltans Costa, Marin, Napa, San Francisco, San Mateo,
DISTRICT4 Solano, Sonoma, and Santa Clara

« Over 3,300 positions with an annual operating
budget of over $500 million

« Manages over 6,500 lane miles on over 770
centerline miles of conventional highways and 690
centerline miles of freeways, including 459 miles of
carpool lanes

e Over $3.4 bilion and 119 capital outlay projects
currently under construction

= Operates seven toll bridges: Antioch, Benicia,
Carquinez, Richmond-San Rafael, San Mateo-
Hayward, San Francisco-Oakland and Dumbarton

e —




3D Engineered Models: Caltrans Progress
Report January — June 2015

For 3D Engineered Models for As-found Survey Data for Inventory and Asset Management:

— Demonstration Stage- Demonstration Stage- By using LIDAR to map six hundred miles of
freeway assets in the San Francisco Bay Area, Caltrans was able to significantly improve sign
data. This data will not only be used for sign data asset inventory, but for original ground
data, DTM’s, for projects that are in the pipeline for roadway improvements.

For 3D Engineered Models for project Schedule and Cost (4D/5D):.

— Development Stage- Collecting guidance and best practices, building support with partners
and stakeholders, attending meetings with FHWA. The State is interested in pursuing 4D
schedule and/or 5D cost estimating applications for improved project management or
seeking additional information on how to implement them.

For 3D Engineered Models for Post-Construction:

— Development Stage- For the practice of creating accurate as-built record drawings, the State
is interested in pursuing 3D post-construction applications for continuing maintenance,
management and future planning of highway facilities. Need to establish 3D engineered
model for Design projects first.

- = Every Day Counts 31




As-found Survey Data for Inventory & Asset
Management

e« California’s Connected Vehicle Test Bed

« Mobile Scanning Freeways for Roadway
Sign Project




California Connected Vehicle Test Bed




Project Requirements
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Every Day Counts 34




Example Installation

/ i

77 ,
@ % 6. Matadero Avenue
=
¢
-
~
Q ~

8§ RSE goes above mast arm on the vertical
§ Antenna on the mast arm;
© /| Needs Bracket




Actual Installation (Page Mill Road and
El Camino Real)




MTLS Results

250 GB raw data
400 GB raw & processed data

10 GB processed compressed
point cloud, exported

One day site recoft

Two days planning i
Two hours of data collection
Three days post-processing
< 6" absolute position accuracy

< 1" point to point measurement
accuracy

:-".:'
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El Camino Real / Page Mill Rd.

AFIE T N
ERtay 18 RN R

Every Day Counts




El Camino Real / Stanford.

R N e ———
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Mobile Scanning Freeways for Roadway
Sign Project

 Overhead sign project

e« ~550 centerline miles

« Dimensioned over 1000 signs
e Delivery in GIS interface

18 TB of data collected, processed &
stored




Overhead Sign Project Demo

Launch video

AF

i Every Day Counts 41
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The Added Benefits from the Overhead
Sign Project

 The collected data is being mined for
three capital projects

e However, decision was made not to
target the scans due to the Sign
Projects timetable. This decision had

added costs and time to the capital
projects.




Integrating Schedule (4D) & Cost (5D)
Modeling

e San Francisco-101 Presidio Parkway

« San Francisco Oakland Bay Bridge (SFOBB)




SF-101 Presidio Parkway

CONTRACT 1
1

CONTRACT 2 1,000 J.El"Il"I.'-.'!'['Zﬁ'IZJ_

1
1
1

CONTRALT 3
CONTRALT 4
CONTRALT 5
CONTRALT 6
CONTRALT 7
CONTRALT B

TOTAL

EXPEDITED SCHEDULE
BASELIME SCHED'ULE
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San Francisco-Oakland Bay Bridge

4D/5D models support construction planning and logistics

CONSTRUCT NEW BRIDGE

B ERecT TEMP S

I BuiLb DETO STRUCTURES 5/1/2008
ExcavAaTIiON / BACK
DEMOLITION
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Post-Construction Surveying for 3D As-Built
Records

e Laser Scanning the San Francisco Oakland
Bay Bridge

e Laser Scanning the San Francisco Route
101/280 Interchange




Laser Scan of the SFOBB

t Every Day Counts 47




San Francisco-Oakland Bay Bridge

« System is well over 4 miles long

« West Span 9,620 feet long

« East Span 10,304 feet long

« West Approach Viaduct 3,707 feet long
« YBI Tunnel & West Transition 862 feet long

e« East Span Transition Structures




SFOBB Project Scope

STLS Scan of the SAS Complete Digital As-Built of

Tower and Deck the SFOBB

e Post-load transfer « Stationary scanning from
condition pier caps, decks, and

* Deck deformation analysis towers

 Whatever else the e Mobile scanning from
engineers wanted decks

« Airborne lidar and digital
orthophotos




Main Cable

Saddle
SAS Bridge = Self-Anchored

Suspension
Main Cable

Suspender Ropes

/ Decks Pier
A\ PiersCaRs Lt

TEEEE

=

I"ii;l

g

Photo by Caltrans

Y
A
-
1
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Inside the SAS
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Checking the data

)

Ve
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N

NCHRP Report 748: Guidelines for the Use of
Mobile LIDAR in Transportation Applications
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Surveyor at Work
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What does the Data Look Like?

Every Day Counts




Mobile LIDAR Point Cloud

._' I_|‘I J 1 | | 1 I'I '.
A Far F A b i "
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LIDAR Data Collected

Data Volume, Storage, and Backup
e 340 STLS Scans

* 400 GB of data
e 3 Days of MTLS Scans

« 1.1 TB of data

e Airborne LIDAR

e 3 Longitudinal & 2 Cross Passes
« 200 GB of data




Initial Use of the SFOBB Data

East Span Shipping Clearances - USCG
. SAS Tower deformation Diagrams

. Vehicle Clearance Envelope Analysis

. Suspender Cable Verticality

. Main Cable Location vs. Plan

. West Span Tower Locations — USCG

. West Span Mid-Span Anchorage data for another project

Every Day Counts 59




SFOBB East Span Profile




Final SFOBB East Span Clearance Report

DATE OF LIDAR SURVEY: AUGUST 2013

EENI%ES STRUCTURES OF “T1 TOWER" WERE NOT INSTALLED AT TIME

VEY.
ESTIHATED BOW’LETION OF SAID STRUCTURE IS FIRST
QUARTER OF 2014.

HEIGHT OF TRAVELER=3.860m, LENGTH=31.249m, TOTAL OF S
LOCATIONS=WEST BOUND-W2 TO E2,WEST BOUND-E2 TO E3
g;«:g g:)_li:lll‘lb-w2 TO E2, EAST BOUND E2 TO E3 AND THE

¢ DVALUE/ELEVATION INCLUDES THE VORTEX WIND GENERATORS.

ALL VALLES ARE IN METERS UNLESS OTHERWISE NOTED.
OMPLETION REPORT INFORMATION" FOR FINAL VALUES.
PROJECT DATUM: NAD83 ZONE III, NGVD29, METERS
FOR THIS EXHIBIT THE NGVD29 VALUES HAVE BEEN
CONVERTED TQ NAVD88 TO DETERMINE MHW VALUES.

44.|42NAVOBSCENTER OF SPAN
42.405 MH

45.411 NAVDS!

e"

NAVDBS 43,220
MHW 47.489)

NAVDSB 44,2163
MHW 42,479

CENTER OF SPANNAVDSS 47.604

MHW 45.867

5% (44976

49.741 NAVDBS
48.004 MHK .
1 \r,_--_
o 8.740
A\ ‘td’ “"&?347.003
/ :
<0

THIS PLAT/REPORT WAS PREPARED BY

ME OR UNDER MY DIRECTION IN

NOVEMBER OF 2013.

REVISED 1/10/14 TO_INCLUDE
GENERATORS

45.762 NAVD88B
44,025 MHW

No. 8675

VORTEX WIND .
REVISED /16/14 TO INCLUDE
CLEARANCE NORMAL TO THE AXIS

OF THE CHANNEL, 305m.

43.674 MHW §

" 46.T13NAVDBBCENTER OF SPAN
MHIW

<TRAVELER LOCATION AT TIME OF SURVEY

FACE OF PIER “PROJECTED TO BOTTOM OF DECK"

Paul F. Rogers

B CLEARANCES

EXHIBIT
NOV. 2013

|

42,288 NAVDBB CENTER OF SPAN
40.551 MHW P-““
38.191 NAVDBS _  opR-
36.455HH#\ \ 10 W‘“
cuc.
, /—
\NAVDBB 37.732
MHW 35.995

CENTER OF SPAN NAVDSS 41 590

FACE OF FENDER SYSTEM "PROJECTED TO BOTTOM OF DECK"

39.935 NAVD8S
38. 198 MHW UNLESS OTHERWISE NOTED.

e
40.561NAVD8S, Y

8. B2AMHI @

A 39.543nADVER
39,843 KAYDEE

\—csnnn OF swmmvnaaﬂ 43?

\NAV08844 548
MHW42.811

&

8 N

NOTES:
THE MHW VALUES WERE DERIVED FROM TIDAL DATUMS
AT YERBA BUENA ISLAND, ém"oFRMéCISCO BAY BASED ON:

LENGTH OF SERIES:
MARCHZLQOSB AUGUST 1993

TIME PERIOD:
TIDAL EPOCH: 1983-2001
9414750 ALAMEDA, SAN FRANCISCO BAY

CONTROL TIDE STATION:

ELEVATIONS OF TIDAL DATUMS REFERRED TO MEAN LOWER LOW WATER
(MLLW), IN METERS.

MEAN HIGHER HIGH WATER MHHW=1.895
MEAN HIGH WATER MHW=1.710
MEAN TIDE LEVEL MTL=1.024
MEAN SEA LEVEL MSL=1.008
MEAN LOW WATER MLW=0.338
MEAN LOWER LOW WATER MLLW=0.000

E
NORTH AMERICAN VERTICAL DATUM
MHW=1.710+0.027=1.737Tm
MHW=NAVD88 ELEVATION-1.737m

NAYD=-0.027

SHT 1 OF 1
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SFOBB East Span Tower Cross Section
Comparisons

As-bulilt to Design
Comparison Pre to Post Load Analysis

~ ~\.  SAS TOWER AS-BUILT
\ COMPARED
TO DESIGN

SAS TOWER
PRE/POST LOAD
ANALYSIS

$55-22-19wW %
- 110mm @ 64.000m ‘f
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SFOBB As-Built Traffic Envelope

Main Cable

/5101 m
4

4.572 m

R SAS TRAFFIC
FIELD SURVEYS o ENVELOPE

NEW TECH

NoDEL o1 RAVDALLYR AS-BUILT ol AL ot AS-BUILT

Every Day Counts 63




What are the possibilities?

« Mining Additional Data per Requests?
« Planning for New Improvements?
 Public Outreach?

e Emergency Response?

« Bridge Management Information System?




Laser Scan of the SF-101/280 IC
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Partial DTM, SF-101
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Rendered Visualization Model




Visualization Model with Rendered
Traffic
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Visualization Model with Rendered Traffic —
Alternative Study
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Temporary Bridge Study
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Arrows Instead of Vehicles
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Final Visualization Animations




Mining Data for a Claim

Damaged Sign

Vertical Clearances for Overhead Sign

L. s
ialaane®x e

Foekef Goake Factar —

4 = CONTRILPOMNT

Sign
15.11t

Beam
15.9 ft
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Where are we going from here?

e Evolution of technology
for transportation
projects

 Moving into the future -
Integrated corridor
management,
Connected or
Autonomous vehicles, ...




New Workflows

vDC

FIELD SURVEY CONTROL

*Collect GRS/ eveling data of targels
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Data Management

(3) 55" SMART BOARDS

15,0

o

NEW

POWER OUTLET

/ X\
EXISTING

POWER OUTLET

x -
NEW MONUMENT

(LOCATION APPROX)

—EXISTING
NETWORK/TELEPHONE
CONNECTION

EXISTING
" POWER OUTLET

LIGHT swnc:l-l\ﬁ q
*\ ]

\NEW

POWER OUTLET

| Room Simulation




Upgrade IT Infrastructure

Caltrans — District 4

Surveys Department J“\ &
2 . : &
Optic = Network 13" Floor Switch &P

Server Cisco Systems LiDAR Server/ Paul Rogers Randy Wigton Khin Voong Rob Dolan
ASVIAHOWNOE S iRoom Workstation HP 2820 HP 2820 HP 2820 HP 2820
Located on 10m Floor
| [ - . |
C =] =3
HP Compag HP z820 HP z820 HP z820 HP z820 HP Compag HP Compag HP Compag HP ProBook ~ HP z820
Elite 8200 Workstation W i Workstati W Elite 8200 Elite 8200 Elite 8200  6730b Laptop Workstation £ s ] B £
004993165 D04993918 D04993933 D04993917 D04993934 Psomas 004992206  D04993102  D04983201 Chaudry = 2 & N
é é é Carlos Sablan Peggie Lum Rebecca Boyer Jeff Osterhout TBD
HP zBook 17 HP Elite 8300 HP Elite 8200 Alienware Aurora
Rebecca Carlos. Paul James Dana Juan Nelson Francisco
Boyer Sablan Rogers Skiles Carson Barahona Aguilar Sanchez
5137448 5128057 5136847 P04313 S11750 5123535 5113487 P04838
| H [ \
| Lo kd ‘ = \ \
HP Compag HP ﬂ:?ok 17 HPzB20 HP zBook 17 Dell ES400 HP xm00 Dell E6400 HP xm&00 Lem;cv:agwﬁﬂt} '
Elite 8300 Laptop Workstation Laptop Laptop Workstaion Laptop Warkstation Laptop
004994885 Psomas Dﬁdrﬂ D04996423 DHQ16752 D04980905 DHIT‘EE Dﬂf% DH(IW Steve Sousa Chris Schendel Simin Ch k Kirsten L
Robert Jeff Jeft iRoom iRoom Randy nns Robert Paul
Dolan QOsterhout: Osterhout Wigton et Dolan Rogers
5108555 P04532 P04532 8134606 5108555 S136847

Every Day Counts /8




NCHRP Legal Research Digest 58 March
2013: The Legal Aspects of Digital Data

Copyright Laws

Ownership of Models

Protection of Models and Collaborators
Liability

Securing Classified Data

Sharing Digital Data

3D Model Issues that may Limit Copyright
Protection




THANK YOU!




Poll Group 2

Please respond to the polls on screen.




Learning Outcomes

e Introduce and use terminology that
describes 3D, 4D, and 5D Engineered
Models

e Distinguish between the three main focus
areas for EDC-3 and identify the link to
EDC-2 focus areas

 Describe the purpose, need and benefits
for the three new focus areas




Learning Outcomes Polls

Please respond to the polls on screen.




Moderated Q&A




NeXt Webinar Registration opens next week
Today Introductionto 3D, 4D, 5D Schedule, Cost and Post-Construction
Oct 6, 2015 | Using 3D Digital Data for Construction Engineering & Inspection
Nov 2015 Creating and Using 3D Models of Highway Structures
Jan 2016 Uses of 4D and 5D Models in Highways
Feb 2016 Getting Started with 4D and 5D Modeling
Mar 2016 Collection and Use of 3D Digital As-built Records
Apr 2016 Use of 3D Digital Data for Asset Management
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