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Civil engineer and developer

; Ceédric Marchand
eqIS '

French

9 years of experience in road infrastructures projects

3 years of experience in development

Joined Egis Group in 2013
Worked in major infrastructures projects in France

Creation and maintenance of in-house software and
plugins




Digital Twins

Share the digital twin on
a web platform on the process
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The Project

King Fahd
Causeway

Assessment 5 main bridges, 3 Fiyovers and 7 Aréfcials

- crossing in the only land link
between the Kingdom of Bahrain and
Kingdom of Saudi

Complete assessment of the bridge,
including inspections and maintenance
program
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The project

Our delivery
A complete web platform

Interact with the digital twin
Usable even for non-expert
User friendly website

Live data, live dashboards

Egis Pushing Infrastructures assessment and maintenance to the next level with digital
twins
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Created the 3D Model

Build the 3D Model

- 2 AUTODESK
— CONSTRUCTION
| CLOUD
g AUTODESK
g_ | Revit
From the as-built dranings Define the level of details The tools we used
* Compile data * Must be relevant for the context * Autodesk Cloud Construction for
, (client, sensors) collaborative work
» Check history, updates
* Find a good balance between * Autodesk Reuvit
the level of detail and the time
required

Geolocalize your project

Egis



Created the 3D Model

Prepare the model to become a digital

twin
Define naming rules

Each object must have a unique name

Each name must be clear and precise

= Q A Cedric ~

KFCA 3DModel  Progress  Defects  Classification ~ Maintenance  BCl Calculation ~ Naming  Inside Deck

Naming

You will find here all the naming used in this project.

Section : Orientation : Part : Location :
The section defines the main partof It divides elements from the north, It divides the elementdepending of It defines the pier or span of the
the model south, and both. the part of the object. element.
Full Name Short Name Full Name Short Name Full Name Short Name Full Name Short Name
Bridge 1 801 North NO Equipment EQ Pier 1 P1
Bridge 5 BOS South 5O Deck DE Pier 102 P102
Embank. 1 EO1 Both BO Support sU Span 1 001
Embank. 7 EO7 Neot defined ND Span 102 102
Fly-Over é R6 Not defined ND
Not defined : used in last ressort for
Fly-Over 9 RY elements that are not on the
bridges. Not defined : used in last ressort for
Seabed BO1 sB01 elements that are not on the
bridges
Seabed BOS SBOS

Egis . . e .
9 Pushing Infrastructures assessment and maintenance to the next level with digital twins

Exemple : One object on Bridge 3

Properties of the object

Properties X

KF_GIRDER_CANTILEVER_LEFT N
NJ{LinkSlab)_EJ

v | B Edit Type

Generic Models (1)

Division Geometry A
Section BO3
Orientation NO
Part DE
Location 096
Obiject CAN
Number 1.000000
Identification BO3-NO-DE-096-CAN-1
Identity Data H
Mark_Asset_Name i3N-96C-NE
Comments i Cantilever girder

r
- HELPFUL

1"

Later, to be imported into
ArcGis, attributes must be
under ldentity Data

Use of schedules in Reuvit to fill in rapidly the attributes

GC-NE

-0OXx

WAYGIRDER 3N-96C-NE=

| o | e [ F | 6 | w [ V] J
Section  : Orientation :  Part Location Object i Number: Identification
B03 NO DE 096 CAN 1 B03-NO-DE-096-CAN-1
BO3 NO DE 096 CANTSZ 1 BO3-NO-DE-086-CANTS2-1
BO3 NO DE 096 CANTS3 1 B03-NO-DE-096-CANTS3-1
BO3 NO DE 096 CANEBNJ 1 B03-NO-DE-085-CANEBNI-1







Import into ArcGIS

From ACC to ArcGIS

Seemless integration
ArcGis can directly import from ACC

Support .PRJ files (data positioning), manage the coordinate
systems of your model

\

The model is downloaded locally so the link is
static. If your ACC Model is updated, you need
to update your layer.

Egis

Catalog Drawing Order

Project Portal Computer Favorites A ﬁ Scene

? Search Project Pl

4 3D Layers

o Maps
g Toolboxes

KF_Mainbridge_BRO1_DirectShape_CMA_Floo...

4||w| KF_Mainbridge_BRO1_DirectShape_CMA

fu Notebooks

Databases +| ExteriorShell

e Styles Architectural

# Folders Structural

h

=2 BIM Cloud Connections .
- Electrical
4 = KFCAbcc

- Egis [US - ME] Mechanical

4 w06 _King Fahd Causeway F'iping
F] Project Files Infrastructure
00_Project_Standards
01_General
4 02_Drawings
el 00_Design
00_Civil
01_Recap
El 01_Revit
Bridge Models
Combined_Model
Final Models
Bu| 20230907 _KFCA_BRO1-R22.rvt
Download to Project Folder CA_BRO2-R22.nvt
Save Manifest to Project Folder CA_BRO3-R22.nt
+  Download and Add To Current Map CA_BRO4-R22.nt

CA_BROS

y 22.rvt
Download and Add To Current Map

Download and add data to the active
map. wematent_3-R22.nvt

ry_BRO3-R22.rvt

[l #

& 99 inputs
01_Ref_drawings

03_Coordination




Import into ArcGIS

Details that matter

Nested Families
Import the .RVT will only take the ‘main’ family -> loss of data

Import the .IFC will divide objects in visible polygons and with
default material -> loss of data

Solution

Custom function to transform all elements in Direct Shape :
all data is preserved and imported

Egis Pushing Infrastructures assessment and maintenance to the next level with digital twins

Import .IFC files

Import .RVT files




Import into ArcGIS

Export to ArcGis Online

Publish your layer (web scene)

The model is now a complete layer

Create your relationship with other layers using the naming convention of your objects

1614-4111-9a¢9.

1614-411-9ae9.

1614-411-92e9.

69b511c5-1614-4111-9ae9.

69b511c5-1614-4111-9ae9.

69b511¢5-/614-4111-9ae9.
69b511c5-1614-4111-9ae9.

69b511c5-/614-41f1

e9.

69b511c5-1614-4111-9ae9.

1614-4111-9a¢9.

1614-411-9ae9.

-1614-41f1-9a¢9

¢ Scene Viewer Cedric Marchand
f<) [ ™
= krca Condition Assessment MY SCENE ¥ bk cedric.marchand
Layer Manager o . . a
yers X
KFCA_Bridges WGS1984 w
<
- @
> Ground £
EC
L
Q
o

KFCA_Bridges_ WGS1984 /7

Identification

B05-SO-SU-P1-AWW-1

B0S-SO-SU-P1-AMW-1

805-BO-SU-P1-ABW-1

805-BO-SU-

805-50-5U-P1-BB-101

BO0S-BO-SU-P1-ABS-1

BO5-NO-SU-PT-AMW-1

B0S-NO-SU-P1-AWW-1

805-50-5U-P1-BB-102
80S-NO-SU-P1-8B-102
B0S-NO-SU-P1-BB-101

B05-NO-SU-P1-CPIL-1

Location

Number

1.000000

1.000000

1.000000

1.000000

101.000000

1.000000

1.000000

1.000000

102.000000

102.000000

101.000000

1.000000

Overview

Object

AMW

Visualization

Orientation

so

so

80

80

Usage

Egis . . e .
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Structure your data

Our aim

Our digital twin have to be a representation of Complement
the state of the bridge

We have the 3D Model

They will be campaigns to fix specific types of defect

It will be part of a maintenance program

We need to add all the defects of the bridges We need to be able to plan and follow the progress of

We need to be able to update the state of those the campaigns
defects

Egis



Structure your data

The structure

Links defects to the 3D Model
to create a Digital twin
One to many relationship, using the naming rule

Defects can have any numbers of attributes

Final structure of our database

Family-Defect

Family

= Defect

= 3D Model

Defects are geolocalized .10

+ 3D Object
» Section

+ Orientation
« Part

* Location
« Object

o Number

Egis

e« ID

e X

e Y

¢« Z

* Images
e Type

+ Note

« Section
« Oritentation
e Part

e Location
o Object
« Status

+ Specific attributes
depending of the type

s DefectlD
e FamilylD

« ID
« Name
« Description

Task-Family

* TasklD
e FamilylD

Defect - Task

Task

e DefectlD
s TaskID

« ID

e Priority

« Start date
« End date
« Status

« Name

« Comment
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Digital twin on the web

ArcGIS Online ecosystem

ArcGis Hub Experience builder Dashboard Survey 123

Display data Modify data with forms

Web platform Display and interact with data

Can integrate all the other Launch python scripts Available on site (tablet,
android)

tools

A Arcpy ARV

ArcGis scripting module
based on Python



Digital twin on the web

The result

Explore all the defects into the platform

KFCA

Jal Cedric ~

KFCA 3DModel  Progress  Defects  BClCalculation ~ Naming  Gallery

Defect

You can find here all the cts detected on the King Fahd Causeway.

Defects are detected on all parts of the Causeway : Pavement, Expansion Joint, Concrete elements, Bearings, Barriers, Lamppost, Drainage, and

Embankment.

In the first part of this page, you will find a summary of the defects, in the second part you will be able to filter and see defects in the 3D Model,

Total : 8,367

By ratings

By section :

8 @@in
. ) !
5 2,000 R
n .. N . I
n-l | JENENCN RN
BO1 BO3 BOS E02 E04 E06 R1 R9
By parts : By Orientation
% BHavwis

4,000
A 3,000
3,000

2,000
2,000

1,000
1,000

0 0

Explore defect by types
z

jectisan. 0Selected

v Y Filter defects by attributes

Section is an ‘ 0Selected =
Orientation .. | OSelected  +
Part s any of \ 0Selected %
Locationisa... | OSelected v
Objectis an. ‘ 0Selected .
Defects is a... ‘ 0 Selected v
PriorityWork \ 05elected .
OveralDegr. | 15elected v
Corrosionln. ‘ 0Selected =
ProfileCorro. ‘ 0 Selected v

Egis Pushing Infrastructures assessment and maintenance to the next level with digital twins

3DModel  Progress Defects  BClCalculation  Naming
CON-014 [m} v
23 @ zoomto
ObjectlD 105
uuip 9c54d92b-ceba-41ba-beSd.
1775d6d8be22
Name coN 014
AnnctationType POINT
DBescription
Creator Ruben Perez

s: Maxar, Airbuy”~ 5,NGA

Gallery

v

fa Selected features: 1

NASA, CGIAR,

NMA, G... Powered by Esri

Cedric ~

Name :

CON-014

Description

Creator = Ruben Perez Date Created : 6/20/24, 2:00

Defect: efflorescence Priority of work : no work
Surface dist
Pointto point dist Area:

Resistance rating : 7 Road safety rating : 7
Durability rating : 7 Overall rating : 7

Perimeter

Corrosion
Corrosion index - Profile corrasion
Cracks
Element : - Pattern : -
Add. pathology : -
Signs of movement : -

Location
Orientation : -
Width : -

Bearings
Direction of displ : - Value of displ -
Corrosion location

Expansion Joints

Model Element :-
Misalignement Orien: -

[ —

[ Share this card

Excessive displac. : -




Digital twin on the web

The result

your maintenance plan =

a Cedric + g

KFCA Condition Assessment

A o tasics registered : 8

1
Jul

Number of task

KFCA Condition Assessment

Tasks by starting date :

Jan 2025 Jul

Starting date

Jan 2026

PAVOT0
AVt
186123
PAV032
PAV-160
Pavon
B .
con.212
CON-065
18G-1403
PAVATS
coss P
09 02
025 £
BEA0Z9
PAV-007.
cON0ss
BEASH
BEA0ST
PAV0ZS
CRK001
£ min 55 | Sources: Maxar, Airbus DS, U A, C

an
)

% Selected features: 0

NFRo

Powered

o Cedric ~

Manage tasks

Please find here all the tools necessary to manage the tasks : create, edit, delete, associate or dissociate from a family or defects
You can select and see the defect by clicking on a task, and then *Selected fd
&/ 1se unselect any task in the main page before going to any other command.

All statuses are automatically updd
may need to refresh the entire page after associating a family to a task to see the modifications.

Tasks by status :

History

4/1/24,1:00 5/1/24,1:00 2

tan CreateTask

7/1/26,1:00 6/1/25,1:00 1

Done
Name « o

6/1124,1:00 7/1/25,1:00 3 Late comments

TaskForTest

9/1/24,1:00

91524, Commentary «

920126, 9/28/24, 1 Done

e 11/17/24, 1208724 1 Late

5/6/26,1:00 10/6/26, Planned

g ~

. Starting date +
List of tasks : tarting dat

B ez © 1100
Cocks w28, 10 128, 100A

Ending date «

71724, 1:00AM 1725, 100AM

B se20 © 1o0em

Lghes 628,100 Am 71125,100AM

PAVE0S 9/1724,1:00 M 9/15026,1:00 AM

Ropai al cracks of 801 9728/26,1:00 Am

[Ev— 117726,1200 A

[Ee—— 1116/25,1200 AM Total: 8 Selection: 1

Total: 8| Selection: 0 /6126, 1:00 AM 10/6/26,1:00 AM

Number of defects of selected task : (please select a task)

Pushing Infrastructures assessment and maintenance to the next level with digital twins

Egis
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Digital twin on the web

The result

a Cedric ~

And more (dashboard, automatic
Calculation’ ga”ery’ photogrammetry“.) KFCA  3DModel Progress Defects BClCaleulation  Naming  Gallery

Qa Cedric ~

Explore defects with photogrammetry

KFCA 3DModel  Progress  Defects  BClCalculation ~ Naming  Gallery

: z
Inspection progress _ [E——

B - |DegreeScore is any of

To be able to assess the King Fahd Causeway, many different inspection have to be performed. We can define three mains types of inspection (Gl selected

* Manual inspection Section is any of

Iag
* Drone inspection ‘ 0 Selected . |
* Underwater inspection Ittt

@

g
EEl

Another important part of the surveys is the Post-Tension investigations. A specific graph has been made at the bo the page to display the progress of OrieFERtoN (Fany ot

those investigations. ‘ 0 Selected "

All of the data is updated monthly and displayed below. Part s any of

@ Drone
® Manual
® Underwater

E06  E07  FLY1  FY2  FLY3

[ 05elected “|

Location is any of

Last update : 03/10/2028 | 05elected E

Object is any of

Inspections Progress [osdeced | |

BO4  BOS  EO1  EO2  E03  EO4

Element inspected

)

-

Progress

Ta Selected features: 0
&

, NGA, NASA, CGIAR, GEBCO, N Rebinson, N elsen and the GIS User Community | Generated with Agiscft Metashape Powered by Esri

Manual inspections ‘/ egls

Manual inspection are directly done on site while the circulation is closed. It allows the inspector to check precisely the defects on all parts of the bridge and

Home 3D Model Defects BCI Gallery

embankme: hey can make precise measurements such as concrete cracks width.

During those inspections, the inside parts of the bridge and the critical areas are also inspected.

Egis Pushing Infrastructures assessment and maintenance to the next level with digital twins






Our feedback on the process

Conclusion

From static inspections to digital twin Improve the performance of your analysis and
Live status of all the defects in the 3D model maintenance plan
Each object can be modified using surveys on the field All in one platiorm to analyze the detects :

20% time gained by structural engineers

OV G KEELD e Olf einangee Preview in your bridge the different maintenance task :

30% time gained on clash analysis

Focus your next inspections on sensible points :
25% less on the cost of future inspection

Egis



Contact

Cédric
Marchand

>

Cedric.marchand@egis-group.com

www.egis-group.com



https://www.youtube.com/channel/UC7htuNSYHgMDr5wkoQMD8lQ
https://twitter.com/egis
https://www.linkedin.com/company/egis
https://www.facebook.com/egisgroup
https://www.instagram.com/egisgroup/
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