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Why Use 3D Models?

« We are nearing the End of an Era

— Relied solely on “Paper” for years, as a
primary representation for engineering and
construction

— Bridge is still the only industry constructing 3D
projects using mainly 2D drawings.

We need a Fundamental “Re-Thinking” of
the antiguated processes that are still
being used In bridge projects

The world is becoming INSTRUMENTED
The world is becoming INTERCONNECTED
The world is becoming INTELLIGENT
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3D Modelling At US DOT's

3D Engineered Models: Project Planning, Design and Construction

Using 3D engineered models in project planning, design and construction is becoming a widespread practice in the United States,
with 29 states planning to implement it in 2015 and 2016, An additional 15 states and Federal Lands Highway plan to integrate 3D
modeling in planning, design and censtruction into highway agency culture by the end of the two-year EDC-3 cycle.

Baseline (January 2015) Goal (December 2014)

&

@ Fadaral Lands Highwiy

@ Federal Lands Highwiy

Puarto Reco Pusrto Rico
S Virgin istands US Virgn Islands
Washinglan DC Wazhington DC

Number of States in Various Implementation Stages

Il nstiwtionaiized
B Assessment
. Demonstration

Baseline (January 2015) [ 7 14 ~ Development
Not Implementing
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Goal (December 2016) 16 17 12

-J



Contracting Trends At US DOT's

2014 Design-Build State Laws
for Transportation Procurement

D ':g I-Ih ;Id is not specifically . Design-build authority is fully authorized
! De lg <build is I'I rized with
certain limita I

=1 Seliled



Whole Life Value

Project and '
Information

: Asset Performance and Asset Management
Integration

Work upstream and downstream to make value flow

.*
2 s e
= ! Profitability of Facility
> :
Business :
Requirements  Design  Construct |
Maintenance
1%
o
&) : :
/ / Business Operations
A 4

Adapted from DPR Consulting and Dr. Martin Fischer, CIFE I1AB, 2011 $$$$
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Complex Bridge Inspection & Management

Complex bridges can have enormous
amounts of data that needs to be
collected and organized.

Requires the ability to collect specialized
data for different component types and
trades (electrical, mechanical, etc.).

A necessity to have access and reference
to large volume of pictures, sketches,
and other electronic files that may be
stored in multiple locations

Usually contains a massive amount of
historic data
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As-Designed mmp As-Built mm) As-Maintained

 |mport As-Designed I-model into

Non-Bridge i-model

the “under construction” status.

BIMS and create a new Asset, In &

As-Designed i-model

 Capture construction information
with Field Inspection mobile tablets
to create an As-Built Database

 Once construction is completed,
move asset into “active” status. [

Construction @
»  Proceed with O&M inspection, for pepecticy }
an As-Maintained Asset

O&M Q
[ Inspection }

f

As-Designed
Database

y

As-Built
Database

—

i

As-Maintained

e

Database

|

(civil, geo, utilities)

e

Bridge Asset

Inspection &

Management
System
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Element Based Bridge Detail

Ability to drill down to bridge, span, superstructure, main span, verticals, north truss and whatever specific parts required.

/= Bridgelnspect Collector - Windows Internet Explorer
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bridgeinspect.com
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StructureSuite

DRPA

Bridge and Structure Inspection System Quick 5¢

= Main Thru Span

[Create New Azzet]

[EF Al Azzets

[Create New Asset

Verticals
Diagonals

Top Chord
Bottom Chord
Bottom Bracing
Top Bracing
Cross Bracing
Floor Beams
Siringer Bearings

Stringers
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Main Administration Views GIS Help |
[Create New Asset]
Manage Assets and User Assignment [z} Commodore Barry Bridgs
Filter Assets: | | | [Create New Asset]
= Spanz
[Create New Assef]
Deck
=} Superstructurs
[Create New Asset]
=1+ Main Thru Span

2 Wesat Approach: Ramp &

West Approach: Ramp B

West Approach
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W31 (Between Piers W30 and West Abutment)
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[Create New Asszet]
[=]- Morth Truss

[Creats New Azzet]

U18-L18
/ U18-L18
U20-L20

Uz1-L21
Uz2-L22
U23-L22
Uz4-L24
UZ25-L25
U258-L26
UZ7-L27
Uz8-L28
U28-L25
U30-L30
U31-L3
U3z-L3z

U33-L33
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U34-L34

U35-L35
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Extensive Structure Details
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Main Administration

Views

Minnesota Avenue Aerial Struq

[ inspectionvate T AW

|| 12/08/2009

Minnesota AV

PGL (Top of Low Rail)

but. D4607
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4611
UNIT 46 - s -iin
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=TSl Structure

Webn, oeraig
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A
Fpproved on 5 297 2010 | |§’ﬁﬂ

Minnesota Avenue Aerial Structure Sub-Assets:

Show Assets in  |Minnesota Avenue Aerial Structure

Ins

Date Asset Code

by |[All Assets] = |

Filter |

Aesettype | submtiedto | sate |

Displayed Inspection Type: | Routine 'I

12/08/200% 1116600 Abutment 2432 [EGOE Mone Webb, Gerald Eridge Approved on &/24/2010
12/08/2009 | 1116700 Span 2437 1B Mone | Webb, Gerald [ Eridge | Approved on 6/24/2010
| 12/03/2009 | 1116800 Span 2437 OB Mone | Limones, Jose [ Eridge | Approved on &/24/2010
| 12/03/2009 | 1116900 Crossbox/Pier 2442 [E&ROE Mone [ Limones, Jose [ Bridge | Approved on 6/24/2010
| 12/08/20098 | 1117000 Span 2447 IE lone [ Webb, Gerald [ Eridgs | Approved on &/24/2010
| 12/03/2009 | 1117100 Span 2447 OB Mone | Limones, Jose | Eridge | Approved on 6/24/2010
| 12/03/2009 | 1117200 z=box/Pier 2452 IEAROB None | Limones, Jose | Bridge | Approved on 6/24/2010
| 12/08/2009 | 1117300 n 2457 None | Webb, Gerald | Bridge | Approved on 6/24/2010
| 12/03/2009 | 1117400 Span 2457 OB MNone | Limones, Jose | Bridge | Approved on 6/24/2010
| 02/04/2010 | 1117500 r /Pier 24 Nene | Webb, Gerald | Bridge | Approved on 6/24/2010
02/04/2010 1117600 Spsn 2467 [E Mone Webb, Gerald | Eridge | Approved on 6/24/2010
12/07/2009 1117700 Span 2467 OB MNone Limones, Jose [ Eridge | Approved on 6/24/2010

2014 Bentley Systems, Incorporated

3

Bentley

Sustaiming Infrastruciure



10

Tablet Eield Data Collection

» Allows inspectors to spend more time in
the field and less time writing reports

 Advanced mobility for inspectors
In the field

 Sleek, intuitive graphical interface
* Enables offline data collection

 Capture photos, video, audio and GPS
Information

 Cloud service synchronization with
home system

=1 Seliled



Capture & Reference Geolocated Media

11 | WWW.BENTLEY.COM |

Identification
Structure Type and Material
Age of Service

Geometric Data

Inspection

Condition

Appraisal

Classification

Navigation Data

Elements

Report Info

Inspection Info

Pictures and Files

Maintenance

Maintenance Needs

© 2014 Bentley Systems, Incorporated

Fad ¥ 1000 AWM ¥ 1 Mot Chaeg BB

Tap Use Photo to

Fa v

Tap the camera icon

to add a new picture

attach it to the field

Type any description
or notes

POF Options
Set As Cover -

Inciude In Printed Repon
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3D Comprehensive Models

 Reuse analytical or As-Build 3D Solid
Model

« Represent only the details that user
cares about

» Utilize color for different layers -
condense to single color for search
results

e Ability to turn on/off layers

» |nformation all driven off database and
web-interface

LEX




Integration Of 3D Models
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Interactive Inspections

 Collect and report condition data at the component level

| ollecto ag Ad 0 p Type Asset Name Here... | = [l
View i-model | +Backto Asset Detail |
= Project Explorer “ |I| TS TREBE S Type words to search for Fe v| ¥

El Models |E Views | % kems

[E] Default -

=-VIE e -

-] pilecaps and piles.dgni.dgn.De[ |

m

[Vl Cable_1055

[V]= Cable_Defaul_C1106
= Cable_Defaul_C1107
= Cable_Defaul_C1108
[V1= Cable_Defaul_C1109
[Vl= Cable_Defaul_C1110
[¥]= Cable_Defautt_C1111
= Cable_Defaul_C1112
= Cable_Defaul_C1201
[Vl= Cable_Defaul_C1202
V1= Cable_Default_C1203
= Cable_Defaul_C1204
= Cable_Default_C1205
= Cable_Defaul_C1206
[Vl= Cable_Defaul_C1207
[V]= Cable_Defaul_C1208
= Cable_Defaul_C1209
= Cable_Defaul_C1210
- [J]=Z Cable_Default_C1211

e n maman
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Interactive Query Results On The 3-D Model

el Bridgelnspect Manager - Windows Internet Explorer

———
C' \-__) e bridgemanage.com v| @ +5 /X |b
.7 Favorites l@BridgeInspeCtMaﬂager . - = gég - Page~ Safety ~ Tools - .;@;.v ?
- Delaware River Port Authority \Ifl‘ida}'.- March 11, 2011
i i b 2 0 new [ view )
N Bridge and Structure Inspection Management System essages: tnew Lue
Y )
str“l““resu“e Insnect ech Quick Select: |Type asset name here
Main Gl Query Reports Administration Help | View asset

U45-L45 (Main Thru Span > Verticals > North Truss)

oy Rating |

~y — —_ — —7 -Rubber pads attached to all stainless steel retrofit rods are generally
7~ = . (2) cracked, dry and worn.

- -The northwest retrofit stainless steel rod vibrates more than the others.
= Also, the 1st retaining U-bolt above the roadway is missing one lock nut.
Remarks ||-Truss vertical southeast flange has horizontal gouges throughout the
edge of the flange.

@ Internet -

Photo: 64
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Visual Display Of Critical Information

* |-Models support encapsulation of all data from simple to complex asset

Joint Health: 23%

Joint Health: 86%

Joint Health: 54%

= Bentley
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Case Studies
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Tappan Zee Bridge

_/,. I. | , I

- I .
e TR L e P % A . | ' l I \

fHE NEW NY BRIDGE




19

Unigue Project Requirements

For the first time, an entire section (28.7)

dedicated to providing a 3-D GIS spatial model of
the project:

Table-based line items for all parts (AASHTO Guide
Manual for Bride Element Inspection 15t edition; 2011)

Unique Reference Identifier — linked to the design
model

Groupings/Sub-groupings/Sets of relevant parts

Specifications, Ratings, and/or Maintenance records
associated with the part

Spatial support : X,Y, N, S, Beg/End, Span #, Barrier #,
EB/WB, NYSDOT standard inspection orientation

Etc.

N
Ol

New York State Thruway Authority

TAPPAN ZEE HUDSON RIVER CROSSING
PROJECT

DB CONTRACT DOCUMENTS PART 3
PROJECT REQUIREMENTS

CONFORMED
November 21, 2012

Contract D114134
PIN 8TZ1.00
Project TA=: TANY 12-18B

7 Bentley

ustaiming |nfrastruct
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As-Designed Geo-Referenced Database

* Design Models — Civil / Roadway
— Roadway Geometry (Alignment / Profile / Super elevation) models
— Information used by other Design Teams

= Bentley
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Project Hybrid Model
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Mobile Inspection

T
: -~ ":' - by N (&~ f ~
i: - <20 =

Structural View ; Navigator Pano

-_ \ .—;—-:‘;\ -—--*‘5

Settings Meassages

22 | WWW.BENTLEY.COM | © 2014 Bentley Systen . g U

Sustaiming Infrastruciure




23

Commodore Barry Bridge

~ Delaware River Port Authority




Existing Conditions

« Maintained by Delaware River Port
Authority

 Longest cantilever through truss bridge
in the U.S. (4™ longest in the world)

* In-depth inspections once every two
years

T
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Original Inspection System

Combination of paper and very limited computer
databases

Databases not integrated — manual entry of data
In multiple locations (also certain data submitted
to PennDOT and NJDOT systems)

Narrative data kept in printed folders or computer
hard drives

Time-consuming task of manually retrieving data
from multiple hard copies and databases

Each biennial inspection report is 2,000 pages

NearI%/ Impossible to manually query from paper
reports

=1 Seliled



Modern System

Delaware River Port Authority
N Bridge and Structure Inspection Management System
StructureSuite inspect ech

e | G5 | Quy Rty | Adsiinaton | e

Bov 0 ger Sy Teoke

Tuesday, January 24, 2012
Messages: (nev (v

Most Recent Bridges Accessed:

Al Assets: Commodoee Barrv Bdee
Commodore Barry Bridoe Spans
Deck E1¢

Spans: Deck

Supersirochae E

Most Recent Inspection Reparts Approved:
Commodore Barrv Bndee
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The new system that integrates data
from a variety of sources

Fully supports multiple types of
Inspection forms

Ability to allow all other information
to be linked and stored in “central
source of truth” location

Tablet based field data collection
Users can directly acd files, historic

data, or day-to-day maintenance
[asks into the system

= [Sentiey



entral Repository

e

Delaware River Port Authorty

T Bridgeinipect Collector - Windows internet Explorer - O

n Jv B DIgEraEat oo e x B P - I
Be EM Yew Fpoms Jook D

i/dpabridge. D~ @B CX

Wednadar, Jasas
Messages: ¢

Bridge and Structure Insp n t Syst

S ] 8 hoop forrepubs vt 69 Bodgermpect Coll. X -8 S - Eage= Seety = Took = @

g Favortes

StructureSuite inspect‘ech T
Mae | G5 Quey  fegom | Aomemnton | He |
Sov Al Al Assets v [l Assens]
Mo Skoetches found
Parent Asset: All Assets
ame: Cemmodore Barm: Bnde
Bridgeinspect Collector - Windows Internet Explorer 4 i
bridgenspect.com “iE+lx o P 7 o veunsesd to tes aMerent ks, ute tha Niter cr page the e rSuts with tha Tt and Praveis’ Buttont
|
. =1
a@ mb.. 3 hupjjocknepubs b, | 8 Bridgelmspect Col.., X D - BE) = mm o Esoe- gaferyr Took - i I
s Buix Repasr Summary Dt
it Dutais_| [ Deket :
(CEmDwis) Elpuss [ Ean Dousis | e Edé Doz | [ Delete o
File Xm |_Eat Datads | 7 Dedene L EatDutals ] [ Dvbeee
cAL DNSPECTION BEFORT (icd BE INSPECTICN BEPORT
CiDeiete Edn Datals_| [ Detere Edi Details_| [ Delete
File Nome: ASDOT DO i a0
TCAL [NSPECTION REPORT ACKNQWLE 1 DUPECTION RIPORT.
DD | P P i imprien Ropa Aot Deseripti : : PETLIBLIE g e PO
Edf Desis_| [ Defete [(EstDosils | C1Deete et Gl
Daista Salacted Mistorcal Repart(s) ] -
“aovm - |
Rating Docament
File Naeae: sk BOF 1. Bamas 38610 37p98.1-BI00S
Dane: 2151 Date: 2183538 Date: 3133578
Diescriptian: Fating Descripeien: Bridpe Ratieg Deripelan: Racng
Edi Detads_| [ Delete Edit Detals_| [ Delete. Edé Dstails_| [ Delete
( Calate Selacted Rating Documentis)
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3D Model Capabilities

* Represents the that are

and component

relationships can be and
easily
 Utilizes or

condense to single color for search
results

e Ability to layers of
complexity

P TAVIAILES | g LIYOCUMENTS SN SETINgS\Eremy SNa...




Powerful Query Capabilities

« Allows for full searching using ad-hoc
query tools to return the exact data
users are interested in

o Search by entire structure, span or
specific component type

 Can combine fields and criteria as s
needed to make simple or complex A
gueries using Boolean logic (AND, OR,

etc.)

29



Advantages Of 3D Models For Bridge Inspection

* Provides a clear, and interactive _spatialgl_
located visual reference of the bridge and its Oraion
e|ement8 _. ;;;:i?ecgfﬂegéggmge

- Intelligent model

Modeling
- Physical Model
Creation

« Modelis linked to report data, historic data,
uploaded and attached files, or any other

crucial information (inspections, as-built 3 oot ot e
drawings, load ratings, work orders, etc.). g Opfons for anays ol

- Maintenance

- Inspection

e Ability to continually add valuable historical
Information connected to 3D model.

* Information can be taken mobile, as a 3D
model

* One “single source of truth “ to find all the

Information

= [Sentiey
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Thank You!

lee.tanase@bentley.com
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