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About Fortis

Founded in

2003
600+ 

Full-Time 

Employees

Employee
owned

Headquartered 

in Portland, OR

Top-100 Firm: Airport, Data Center, 

Education, Healthcare, Workplace, 

Government, Science & Technology

$2.5B
Annual Revenue

93% 

work with 

repeat clients
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TECHNIQUES COMPANY PROFILE

INTRODUCTION

Founded in 

1983
Mechanical 
Engineering 

& Installation

Based in 
Singapore

Accredited 
DfMA 

Fabricator 
(STAS)

300+ 
Full Time 

Employees



Singapore 
Data Center

“Through Fortis’ foundation in 

Culture and Core Values, we 

assembled a team to build with 

skill and efficiency through 

prefabrication, DfMA, Virtual 

Design & Construction and 

many other lean strategies.”
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CASE STUDY



The Obstacle



Singapore
Authority Targets

• Initiative to reduce on-site 

labor

• Authority Target set for 

70% of all MEP systems

• Achieved 85%



Multi-Service Module
Procurement

Scope Responsible

Coordination MEP Trades

Module Structural Design Integrator

Frame Fabrication Integrator

Services Installation (at 

Factory)

MEP Trades

Delivery & Site Logistics Integrator

Module Connections 

(Ground Level)

MEP Trades

Lifting into position Integrator



Trade Specific Modules



Multi-Service Module Coordination



Multi-Service Module Coordination



Multi-Service Module Coordination



Hoisting Process



Fab Shop Production Rates – QAQC Improvement
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DFMA Quantum
Total

Total Modules 4819

Multi Service 

Modules

4199

Plant room Skids 217

Pipe Riser Modules 120

Pipe Rack Modules 88

Pump Skid Modules 40

Fire System Skids 55



DFMA Design Deployment
S U B H E A D E R



Design topics

1. Challenges

2. Implementation

3. Key Lessons Learned



DFMA BIM General Challenges

• Early Completion of 

Coordination to allow for 

fabrication

• Reduced Timeline – need 

to manage upstream 

deliverables



BIM General Challenges

• Limited Collaboration and 

engagement

• Limited Interactivity

• Work Silos

• Inefficient Communication



BIM Knowledge Gaps

• Team Lacks DFMA & 

Prefab Knowledge



Design Challenges

• Incomplete Design



Design Challenges

• Complexity & Congestion



• Limited Space for 

Accessibility & Future 

Maintenance

Design Challenges



• Maintaining Services 
Tolerances

• Negotiating No-Fly 
Zones 

Design Challenges



Design Challenges

• Over 960 Design Changes

• Majority of changes were a result of incomplete design



• Design for Transport

• Strict Authority Regulations on Roads

Design Challenges



Singapore Data Center BIM Implementation



BIM Implementation

1. Common Data Environment

2. Design-Build Managers

3. Co-Locate Project Team

4. Daily Syncs

5. Twice Weekly External 

Stakeholder Coordination



Consultant Design LOD 400 Coordination

Coordination Journey



Consultant Design LOD 400 Coordination

Coordination Journey



Consultant Design LOD 400 Coordination

Coordination Journey



VR Implementation

Conventional Design Review Immersive Review



Types of Issues Found in VR Design Review SessionsVR Wins

Issue Discovery: Accessibility, Constructability, and Future Maintenance.



VR Wins

Fortis VR Design 
Review Sessions



Types of Issues Found in VR Design Review Sessions4D Sequencing

• Better Understanding of 

Accessibility

• Demonstration to Stakeholders

• Review Design For Safety 

Compliance

• Expedite Facility Operations 

Planning



Types of Issues Found in VR Design Review SessionsStandardization

• Standardized & Simplified Modules to the greatest extent possible



Types of Issues Found in VR Design Review SessionsImplementation

• BIM Model Change Management 
Log – Microsoft Lists

• Automate notifications for model 
changes - Power Automate

• Review all changes during daily 
meetings

• Address Changes Promptly



Types of Issues Found in VR Design Review SessionsSkills Gap

• Key hires to bridge the 

skills gap

• Relatable skill sets 

• Manufacturing background



Design Lessons Learned and Key Takeaways



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 emerging relevant 
technologies.

• Simplif ication, Standardization, and Repeatabil i ty.

• Sufficient tolerances & Design for transportation.

• Willpower



TECHNIQUES

WHY DID WE START 
ADOPTING DfMA?



TECHNIQUES

CLIENT 
REQUIREMENT



TECHNIQUES

CLIENT 
REQUIREMENT

SCHEDULE 
REQUIREMENT



TECHNIQUES

CLIENT 
REQUIREMENT

SCHEDULE 
REQUIREMENT

WE WANTED TO 
DO IT BETTER



TECHNIQUES

HOW DID WE BEGIN?



TECHNIQUES

INFRASTRUCTURE



TECHNIQUES

INFRASTRUCTURE

- Size

- Flow

- Facilities

- Cranes

- Gases

- Electrical 

Requirement



TECHNIQUES

INFRASTRUCTURE
KNOWLEDGE

BASE



TECHNIQUES

KNOWLEDGE
BASE

INFRASTRUCTURE

- Bringing experts

- Previous experiences 

(Prefab)

- Knowledge shared

- BCA

- Write-ups

- Articles



TECHNIQUES

INFRASTRUCTURE
KNOWLEDGE

BASE

OPERATIONS



TECHNIQUES

OPERATIONS

- New Processes & 

Protocols

- Educating existing 

stake-holders

- Procurement & 

Contracting

- Logistics

- Automation

INFRASTRUCTURE
KNOWLEDGE

BASE



TECHNIQUES

INFRASTRUCTURE
KNOWLEDGE

BASE

OPERATIONS INTEGRATION



TECHNIQUES

INTEGRATION

INFRASTRUCTURE

OPERATIONS

KNOWLEDGE
BASE

- Design Coordination

- Revising traditional 

contracting models

- Introducing Multi-

trade workflows

- Off-site 

integration

- QAQC during 

fabrication

- Logistics partners 

role



TECHNIQUES

TECHNIQUES MODULE FACILITY

MEP PREFABRICATION FACILITY



TECHNIQUES

TECHNIQUES MODULE FACILITY

FACILITY PRE-REQUISITES

1. SPATIAL SETUP

• FABRICATION SPACES 
REQUIREMENT

• DIFFERENT ZONES TO 
FACILITATE 
FABRICATION PROCESS 
& SPACE

• MATERIALS HANDLING 
REQUIREMENT

2. CRANEAGE

• OVERHEAD CRANE 
WITH SUFFICIENT 
CAPACITY

• SUFFICIENT COVERAGE

3. AUTOMATION

• INTEGRATED DIGITAL 
DELIVERY

• BOOST EFFICIENCY

• CUTTING MACHINES
• WELDING MACHINES
• COLLARING MACHINES

4. STORAGE

• HOLDING AREAS FOR 
MATERIALS, 
INSPECTIONS

• POTENTIAL HOLDING 
AREAS FOR STORING 
PRIOR TO SITE 
READINESS



TECHNIQUES
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SEQUENCE OF WORK
STEELWORK & PIPEWORK

TECHNIQUES MODULE FACILITY

LAYOUT PLAN

Zone 1

Zone 2

Zone 3



TECHNIQUES

ZONE

1



TECHNIQUES

ZONE 1
PREPARATION WORKS

CS CUTTING 
MACHINE 3

CS CUTTING 
MACHINE 2

CS CUTTING 
MACHINE 1

AUTOWELDING 
MACHINE

AUTO BAND SAW
CNC PLATE 
CUTTING

OVERHEAD 
CRANE



TECHNIQUES

HGG CUTTING MACHINE
CS CUTTING MACHINE 1

TECHNIQUES MODULE FACILITY

2 - PREPARATION OF PIPE SPOOL



TECHNIQUES

HGG CUTTING MACHINE
CS CUTTING MACHINE 2 & 3

TECHNIQUES MODULE FACILITY

2 - PREPARATION OF PIPE SPOOL



TECHNIQUES

CAPABILITY DEVELOPMENT
HGG Video

Carbon Steel 

Cut SamplesTECHNIQUES MODULE FACILITY

2 - PREPARATION OF PIPE SPOOL



TECHNIQUES

MACHINE CUTTING
AUTO BAND SAW MACHINE

TECHNIQUES MODULE FACILITY

2 - PREPARATION OF STEEL WORKS



TECHNIQUES

PLATE CUTTING
CNC CUTTING MACHINE

TECHNIQUES MODULE FACILITY

2 - PREPARATION OF STEEL WORKS



TECHNIQUES

GEKA METAL WORKER
BRACKET PUNCH PIECES

TECHNIQUES MODULE FACILITY

B - PREPARATION OF STEELWORKS



TECHNIQUES

AUTO WELDING MACHINE
FLANGE WELDING

TECHNIQUES MODULE FACILITY

B – AUTO WELDING



TECHNIQUES

ZONE

2



TECHNIQUES

SERVICES ASSEMBLY
RISER FRAME ALIGNMENT

TECHNIQUES MODULE FACILITY

5 – ASSEMBLY

ASSEMBLY 
AREASTEELWORK 

FITUP

STEELWORK 
WELDING

PIPEWORK 
WELDING - 
AUTOWELD



TECHNIQUES

PIPE WELDING
AUTOMATED WELDING MACHINE

TECHNIQUES MODULE FACILITY

3 – PIPE WELDING



TECHNIQUES
Set-up of Carbon Steel 

Welding MachineTECHNIQUES MODULE FACILITY

3 – PIPE WELDING



TECHNIQUES

ZONE

3



TECHNIQUES

72
ZONE 3

SS CUT / FAB / WELDING

TECHNIQUES MODULE FACILITY

LAYOUT PLAN

MATERIAL 
STORAGE

SS CUTTING 
MACHINE 4

WELDING MACHINE 
HERE

AUTOMATED 
BAND SAW

PIPE FAB & 
WELDING AREA



TECHNIQUES

73

TECHNIQUES MODULE FACILITY

3 – SS PIPE CUTTING

PIPE CUTTING
HGG SS CUTTING MACHINE



TECHNIQUES

74
PIPE WELDING

AUTOMATED SS WELDING MACHINE

TECHNIQUES MODULE FACILITY

3 – SS PIPE WELDING



TECHNIQUES

DfMA
PRODUCT

& PROCESS



TECHNIQUES

PREFABRICATION

PREFAB: HORIZONTAL PIPING MODULE

HORIZONTAL PIPING MODULE
CHILLED WATER RING MODULE



TECHNIQUES

ROOF MODULES
PRIMARY CHILLED WATER MODULE

MODULE FACILITY

PREFAB: HORIZONTAL PIPING MODULE



TECHNIQUES

ROOF MODULES
PRIMARY COND. WATER MODULE

MODULE FACILITY

PREFAB: HORIZONTAL PIPING MODULE



TECHNIQUES

ROOF MODULES
PRIMARY COND. WATER MODULE

MODULE FACILITY

PREFAB: HORIZONTAL PIPING MODULE



TECHNIQUES

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

PREFABRICATION

PREFAB: SKID MODULES



TECHNIQUES

81
SKID MODULES

PRE-TESTING

TECHNIQUES MODULE FACILITY

PREFAB: PLANT ROOM PUMP SKIDS



TECHNIQUES

SKID MODULES

SITE INSTALLATION

TECHNIQUES MODULE FACILITY

PREFAB: PLANT ROOM PUMP SKIDS



TECHNIQUES

PREFABRICATION

PREFAB: PROCESS WATER PUMP SKID

PROCESS WATER PUMP SKID
AGITATION PUMP



TECHNIQUES

SKID MODULES

PRE-TESTING

TECHNIQUES MODULE FACILITY

PREFAB: PROCESS WATER PUMP SKIDS



TECHNIQUES

PREFABRICATION

PREFAB: SECONDARY CHILLED WATER PUMP SKID

ROOF PUMP SKIDS
SECONDAERY CHILLED WATER PUMP



TECHNIQUES

SKID MODULES

PUMP AND PLANTROOM SKIDS

MODULE FACILITY

PREFAB: SECONDARY CHILLED WATER PUMP SKIDS



TECHNIQUES

SKID MODULES

PUMP AND PLANTROOM SKIDS

MODULE FACILITY

PREFAB: SECONDARY CHILLED WATER PUMP SKIDS



TECHNIQUES

88
SKID MODULES

PUMP AND PLANTROOM SKIDS

MODULE FACILITY

PREFAB: SECONDARY CHILLED WATER PUMP SKIDS



TECHNIQUES

SKID MODULES

PUMP AND PLANTROOM SKIDS

MODULE FACILITY

PREFAB: SECONDARY CHILLED WATER PUMP SKIDS



TECHNIQUES

2. HEAT EXCHANGER 

MODULE 2

PREFABRICATION

MECHANICAL PACKAGE PLANT MODULE

CRAH HEAT EXCHANGER SKID
SKID 3D VIEW

4. MAKE UP PUMP SKID

1. HEAT EXCHANGER 

MODULE 1

3. CHEMICAL 

TREATMENT



TECHNIQUES

SKID MODULES

PUMP AND PLANTROOM SKIDS

TECHNIQUES MODULE FACILITY

PREFAB: PPR HEAT EXCHANGER SKIDS



TECHNIQUES

92
SKID MODULES

PUMP AND PLANTROOM SKIDS

TECHNIQUES MODULE FACILITY

PREFAB: PPR HEAT EXCHANGER SKIDS



TECHNIQUES

93

PREFABRICATION

MECHANICAL PACKAGE PLANT

WATER TANK SKID
SKID DETAILS



TECHNIQUES

94
WATER TANK SKID

SKID DETAILS

PREFABRICATION

MECHANICAL PACKAGE PLANT



TECHNIQUES

95
RISER MODULES

SKID DETAILS



TECHNIQUES

PREFABRICATION

PREFAB: MULTI-SERVICE HORIZONTAL MODULES

MULTI-SERVICE MODULE
CORRIDOR MODULES



TECHNIQUES

PREFABRICATION

PREFAB: MULTI-SERVICE HORIZONTAL MODULES

MULTI-SERVICE MODULE
CORRIDOR MODULES



TECHNIQUES

PREFABRICATION

PREFAB: MULTI-SERVICE HORIZONTAL MODULES

MULTI-SERVICE MODULE
CORRIDOR MODULES



TECHNIQUES

CHALLENGES



TECHNIQUES

BREAKING 
CONVENTION

- Being on the same page
- Information flow, or lack 

of
- Updates and tracking

- Module / Space 
planning

- Inflow / Outflow

- Aligning with sub-trades
- Expectations & risks

- Re-educate 
methodologies

- Logistics centric 
operation

- Multi-trade co-work

TEAM
COMMUNICATION

OPERATIONS
PLANNING

CONTRACTING

CHALLENGES



TECHNIQUES

KEY SUCCESSES



TECHNIQUES

AUTOMATION



TECHNIQUES

AUTOMATION QUALITY



TECHNIQUES

AUTOMATION QUALITY REDUCED RISK 
ON SITE



TECHNIQUES

AUTOMATION QUALITY REDUCED RISK 
ON SITE

CLEAN & SAFE 

WORKING 
ENVIRONMENT






	Default Section
	Slide 1: DFMA Deployment at Scale
	Slide 2: Table of Contents
	Slide 3: Team
	Slide 4: About Fortis
	Slide 5
	Slide 6: Singapore Data Center 
	Slide 7: The Obstacle
	Slide 8: Singapore Authority Targets
	Slide 9: Multi-Service Module Procurement
	Slide 10: Trade Specific Modules
	Slide 11: Multi-Service Module Coordination
	Slide 12: Multi-Service Module Coordination
	Slide 13: Multi-Service Module Coordination
	Slide 14: Hoisting Process
	Slide 15: Fab Shop Production Rates – QAQC Improvement
	Slide 16: DFMA Quantum

	Design Section
	Slide 17: DFMA Design Deployment
	Slide 18: Design topics

	BIM Challenges
	Slide 19: DFMA BIM General Challenges
	Slide 20: BIM General Challenges
	Slide 21: BIM Knowledge Gaps

	Design Challenges
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27

	Implementation
	Slide 28: Singapore Data Center BIM Implementation
	Slide 29: BIM Implementation
	Slide 30: Coordination Journey
	Slide 31: Coordination Journey
	Slide 32: Coordination Journey
	Slide 33: VR Implementation
	Slide 34: VR Wins 
	Slide 35: VR Wins
	Slide 36: 4D Sequencing 
	Slide 37: Standardization 
	Slide 38: Implementation 
	Slide 39: Skills Gap 

	Lessons Learned
	Slide 40: Design Lessons Learned and Key Takeaways
	Slide 41: Design Lesson Learned and Key Takeaways
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107


