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About Fortis

Founded in E | 600+ 93%
Mployee Full-Ti K with
2003 owned uti-1rime WOr WI
Employees repeat clients
BUILDING DESIGN
+CONSTRUCTION
Top-100 Firm: Airport, Data Center, $2 " SB
_Headquartered Education, Healthcare, Workplace, Annual Revenue
In Portland, OR Government, Science & Technology
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CASE STUDY

Singapore
Data Center

“Through Fortis’ foundation in
Culture and Core Values, we
assembled a team to build with
skill and efficiency through
prefabrication, DIMA, Virtual
Design & Construction and

many other lean strategies.”




The Obstacle

Rigid Design Constraints Concept Design Skills Gap

OO

2.5 Million SgFt Data Center Constrained Spaces Authority Targets No Prefab Experience

aJa

EXPECTATIONS

V'.J‘ FORTIS
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CONSTRUCTION INC




Singapore
Authority Targets

Building and Construction Authority

* |nitiative to reduce on-site
labor

« Authority Target set for
70% of all MEP systems

e Achieved 85%




Multi-Service Module
Procurement

Coordination MEP Trades
Module Structural Design Integrator
Frame Fabrication Integrator
Services Installation (at MEP Trades
Factory)

Delivery & Site Logistics Integrator
Module Connections MEP Trades

(Ground Level)

Lifting into position Integrator




Trade Specific Modules




Multi-Service Module Coordination
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Multi-Service Module Coordination




Multi-Service Module Coordination

b

2




7))
n
V)
O
o
—~

=

Hoisting




Fab Shop Production Rates — QAQC Improvement
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DEMA Quantum
Total

Modules

Pipe Rack Modules
Pump Skid Modules
Fire System Skids




DFMA Design Deployment

SUBHEADER

FORTIS




Design topics
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DFMA BIM General Challenges

 Early Completion of

Coordination to allow for
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BIM General Challenges

e Limited Collaboration and
engagement

 Limited Interactivity
 Work Silos
 |nefficient Communication




BIM Knowledge Gaps

PRINCIPLES

« Team Lacks DFMA &

f I REDUCE ITERATION
Prefab Knowledge
MAXIMISE CLIENT'S VALUES

IMPROVE FLOW/ PROCESS

IMPROVE PRODUCTIVITY

ENSURE QUALITY

PRACTICES
JIDOKA/ AUTOMATION
JUST-IN-TIME

PULL-PLANNING
CONCURRENT ENGINEERING
DESIGN-TO-COST
DESIGN-TO-CONSTRUCT
DESIGN-TO-TARGET VALUE
DESIGN QUANTIFICATION

MINIMISATION
ENSURE CONSTRUCTABILITY
STANDARDISATION
MISTAKE PROOFING
MODULARISATION
INTEGRATED SUPPLY-CHAIN
KNOWLEDGE SHARING
EARLY CONTRACTOR'S INVOLVEMENT
DIGITISATION

CLIENT'S ENGAGEMENT :
PARAMETRIC DATA-DRIVEN O

'@ SIMULATION
'® PROTOTYPING



Design Challenges

* Incomplete Design

o/ T\l



Design Challenges

Complexity & Congestion

A




Design Challenges

* Limited Space for
Accessibility & Future
Maintenance




Design Challenges

« Maintaining Services
Tolerances

* Negotiating No-Fly
Zones




Design Challenges

« QOver 960 Design Changes
« Majority of changes were a result of incomplete design



Design Challenges

Design for Transport

Strict Authority Regulations on Roads




Singapore Data Center BIM Implementation

FORTIS




BIM Implementation

a s~ e

Common Data Environment
Design-Build Managers
Co-Locate Project Team
Daily Syncs

Twice Weekly External
Stakeholder Coordination

Main
Contractor
o n
Sub-
Contractor

nvironmen
Facilities
Manager

T
Manager

Manager




Coordination Journey
Consultant Design LOD 400 Coordination




Coordination Journey

Consultant Design LOD 400 Coordination
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Coordination Journey

Consultant Design LOD 400 Coordination
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VR Implementation

Conventional Design Review Immersive Review




VR Wins

#2450
Status: ®Resolved | Tag: Accessibility

Added by:
Element: range

April 25th, 2024

"Accessibility issue : To check if enough space is
available for ladder (maintenance/
constructability ) —>{confirmed Ph2
ladder can be accessed 1(Similar to how it was
done In-at site )"

#2437

Status: ®Resolved | Tag: Design

Added by D

Element: Type 1

April 25th, 2024

"Safety hazard —> Toeboard updated by-

Issue Discovery: Accessibility, Constructability, and Future Maintenance.

#2420

Status: ®Resolved | Tag: Accessibility
Added by:

Element: Pipe CHWS (Tertiary)

April 25th, 2024

"Maintenance issue : To check accessibility of
valve : --> CHWP and CDP pipe swapped for
better access to all valves "

#3072
Status: @ Resolved | Tag: Operations

Added by:!
Element: Solid

June 6th, 2024

"Access strateii? -->This FD to be accessed

for FD access strategy)”




Fortis VR Design
Review Sessions




4D Sequencing

Better Understanding of
Accessibility

Demonstration to Stakeholders -

Review Design For Safety
Compliance

Expedite Facility Operations
Planning




Standardization

« Standardized & Simplified Modules to the greatest extent possible




Implementation r————

%) Reference ) Nome ~ Company (& Crested on ~ Change T... ~ Design C... = Design C. Level Phase ~ Service T. Impacted... ~

* BIM Model Change Management . B ——
Log — Microsoft Lists

 Automate notifications for model
changes - Power Automate

- Review all changes during daily B vicosorliscs @005 =
meetings

Address Changes Promptly

— All Items ~ December

% ‘ . 10/23/2023

el 7 (Level8)  Phasel Telecom Services, Core Zone

A new item has been added to the BIM Model Change Management Log.

Hardarshan Singh
“. To -

v

& Design/BIM Model Change Management // Chat Shared (3

A new item has been added to the BIM Model Change Ma E

Reference number: 235

Created by-
O ut | O O k A new ement Log.Reference number: 234

Company @l
Create

Change Type (NG Comp

Chanc Microsoft Teams

Description of Change: L6 Phasé Descr

Please check the BIM Model Change Management Log. View the biivi Moael Lhange Management Log: nips://iorusconstruction.sharepoint.com/teams/PartnerTeam18701-

https://fortisconstruction.sharepoint.corr




Skills Gap

« Key hires to bridge the
skills gap

« Relatable skill sets
« Manufacturing background Ar




Design Lessons Learned and Key Takeaways

FORTIS




Design Lesson Learned and Key Takeaways

« CDE (Common Data Environment).
 Introduce DFMA intent in the design.
« Early engagement with stakeholders.

« Technology Integration — VR, AR,4D, or other emerqi
technologies.

 Simplification, Standardization, and Repeatability.
« Sufficient tolerances & Design for transportation.
 Willpower







CLIENT
REQUIREMENT




CLIENT wm SCHEDULE
REQUIREMENT REQUIREMENT
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CLIENT = SCHEDULE ‘4 WE WANTED TO
REQUIREMENT REQUIREMENT S DO IT BETTER
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" INFRASTRUCTURE

|

Size
Flow
Facilities
- Cranes
Gases
Electrical
Requirement







0y ~ KNOWLEDGE
~ INFRASTRUCTURE BASE‘

f

s

Bringing experts
Previous experiences
(Prefab)

Knowledge shared

- BCA

- Write-ups

—

Articles

-
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New Processes &
Protocols
Educating existing
stake-holders
Procurement &

Contracting
Logistics
Automation

KNOWLEDGE
BASE
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KNOWLEDGE Design Coordination
BASE Revising traditional

contracting models
Introducing Multi-
trade workflows
- Off-site

., integration
INTEGRATION "TESAeSSE
abrication
Logistics partners
role
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TECHNIQUES MODULE FACILITY
MEP PREFABRICATION FACILITY



TECHNIQUES MODULE FACILITY
FACILITY PRE-REQUISITES

e

=l L . Pl

. Z | 5
1. SPATIAL SETUP . CRANEAGE 3. AUTOMATION

. STORAGE

/

S———f—

* FABRICATION SPACES
—_—— REQUIREMENT

*  HOLDING AREAS FOR
MATERIALS,
INSPECTIONS

OVERHEAD CRANE
WITH SUFFICIENT
CAPACITY

INTEGRATED DIGITAL
DELIVERY

 DIFFERENT ZONES TO

BOOST EFFICIENCY

FACILITATE i « SUFFICIENT COVERAGE f * POTENTIAL HOLDING | ,L
FABRICATION PROCESS AREAS FOR STORING
& SPACE CUTTING MACHINES PRIOR TO SITE

READINESS

WELDING MACHINES

 MATERIALS HANDLING COLLARING MACHINES

REQUIREMENT




TECHNIQUES

STAIRCASE TOLEVEL 2 TOILET & F &B
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TECHNIQUES MODULE FACILITY
2 - PREPARATION OF PIPE SPOOL
_
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TECHNIQUES MODULE FACILIT
2 - PREPARATION OF PIPE SPOOL

1j140ad Q€ v/
= Sgsﬁ‘epads

HGG CUTTING MACHINE
CS CUTTING MACHINE 2 & 3




‘I n Carbon Steel

TECHNIQUES MODULE FACILITY Cut Samples

2 - PREPARATION OF PIPE SPOOL
]

CAPABILITY DEVELOPMENT
HGG Video



TECHNIQUES MODULE FACILITY
2 - PREPARATION OF STEEL WORKS

Wreiioy

MACHINE CUTTING
AUTO BAND SAW MACHINE
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TECHNIQUES MODULE FACILITY
2 - PREPARATION OF STEEL WORKS

PLATE CUTTING
CNC CUTTING MACHINE
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TEC-HNI'QUES MODULE FACILITY

STEELWORKS

M

GEKA METAL WORKER
BRACKET PUNCH PIECES
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AUTO WELDING MACHINE
FLANGE WELDING







TECHNIQUES MODULE FACILITY
5 - ASSEMBLY

.~ STEELWORK
WELDING

STEELWORK
FITUP

s .

. PIPEWORK

=SS \VELDING -

= \UTOWELD

ASSEMBLY
AREA

SERVICES ASSEMBLY
RISER FRAME ALIGNMENT
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TECHNIQUES I\/\DULE FAClLlTYw
3 - PIPE WELDING

b.

‘<F:~
PIPE WELDING
AUTOMATED WELDING MACHINE




i ). || /W4 / ~ Set-up of Carbon Steel
TECHNIQUES MODULE FACILITY ' ' M) e Welding Machine
3 - PIPE WELDING 749, T
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TECHNIQES I\/\ODLE FACILITY

LAYOUT PLAN

SS CUTTING
MACHINE 4

AUTOMATED
BAND SAW

MATERIAL
STORAGE

WELDING MACHINE
HERE

PIPE FAB &
| WELDING AREA

-
—
~

ZONE 3
SS CUT / FAB / WELDING
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TECHNIQUES MODULE FACILITY
3 - SS PIPE CUTTING
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PIPE CUTTING
HGG SS CUTTING MACHINE




TECHNIQUES MODULE FACILITY
3 - SS PIPE WELDING

PIPE WELDING
AUTOMATED SS WELDING MACHINE




TECHNIQUES

LEVEL 12 - ROOF

84100
ddos. of M20 Boit & Nuts

Temporary 830 Aods To Be Remowved after Installatio
Stuctune Framing (By mws;—*
—
300x300x20mm{Thk) Plate: \

@ 3D VIEW OF CHWP (PRIMARY) MODULE 9
SCALE




TECHNIQUES

PREFABRICATION
PREFAB: HORIZONTAL PIPING MODULE ?
I

LEVEL 12 - ROOF
84100

@ 3D VIEW OF CHWP (PRIMARY) MODULE 9
\LE

SCAL

HORIZONTAL PIPING MODULE
CHILLED WATER RING MODULE



MODULE FACILITY

PREFAB: HORIZONTAL PIPING MODULE
: =y TTE . T ~—

2 QU ;

“~
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ROOF MODULES
PRIMARY CHILLED WATER MODULE




ROOF MODULES
PRIMARY COND. WATER MODULE




MODULE FACILITY
PREFAB: HORIZONTAL PIPING MODULE

"y
¥
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¥
¥ |

ROOF MODULES
PRIMARY COND. WATER MODULE




TECHNIQUES

PREFABRICATION
PREFAB: SKID MODULES

PREFABRICATED SKID
MODULES

* EQUIPMENT PRE-INSTALLED AND
TESTED

* PIPE HEADERS FABRICATED
TOGETHER WITH EQUIPMENT

* MINIMIZE ON SITE WELDING AND
HIGHER QUALITY CONTROL IN
FACILITY ENVIRONMENT




SKID MODULES
PRE-TESTING
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PREFAB: PLANT ROOM PUMP SKIDS

TECHNIQUES MODULE FACILITY
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TECHNIQUES MODULE FACILITY
PREFAB: PLANT ROOM PUMP SKIDS
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SKID MODULES
SITE INSTALLATION
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PREFAB: PROCESS WATER PUMP SKID

PREFABRICATION
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TECHNIQUES MODULE FACIIT%d
PREFAB;PROCESS WATER PUMP SKIDS
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* SKID MODULES
PRE-TESTING




TECHNIQUES

PREFABRICATION
PREFAB: SECONDARY CHILLED WATER PUMP SKID

@ Elevation Front

SCALE 1:25

B=——]_ |
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Ul

ROOF PUMP SKIDS
SECONDAERY CHILLED WATER PUMP

@ Plan Detail

SCALE 1:25




SKID MODULES

PUMP AND PLANTROOM SKIDS
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SKID MODULES

PUMP AND PLANTROOM SKIDS
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PREFAB: SECONDARY CHILLED WATER PUMP SKIDS

MODULE FACILITY
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MODULE FACILITY \
PREFAB: SECONDARY CHILLED WATER PUMP SKIDS
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SKID MODULES
PUMP AND PLANTROOM SKIDS
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I COMMUNICATION PLANNING

Re-educate | - Beingonthe same page Module / Space Aligning with sub-trades
methodologies Information flow, or lack § planning Expectations & risks
Logistics centric of : Inflow / Outflow

operation Updates and tracking

Multi-trade co-work
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The Obstacle is the Way

Rigid Design Constraints Concept Design Skills Gap
Generally repeatable design Freedom to adjust the design to suit Eager to learn new skills
DFMA deployment
(0] I 03 I (019 I 07
| | |
EXPECTATIONS
1 1 1 1
i 02 i o4 i (0]¢] i
2.5 Million SgFt Data Center Constrained Spaces Authority Targets No Prefab Experience
Opportunity to deploy at Scale Forced to compress services Mandate to deliver No old ways to unlearn

@ FORTIS
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WE MAKE AN

IMPACT

THAT'S WHY WE EXIST.
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