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Construction – and the built environment 
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Buildings or ‘Vertical Infrastructure’ 
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What is this space for? 
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Initial requirements 

Shelter 
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Developing requirements… 

Security 
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Developing requirements… 

Comfort 
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Developing requirements… 

Self-expression 
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Developing requirements: 

Multi-functional spaces 
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Buildings or ‘Vertical Infrastructure’ 
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“Requirements engineering (RE) encompasses all 

the interdisciplinary activities involved in 

determining, documenting and maintaining an 

agreed set of requirements for a system, and for 

tracing these through to implementation. A 

specific concern is the development of practical 

techniques, methods, and tools to support these 

activities.” 

Requirements Engineering 



13   Project time spans 
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“Requirements engineering (RE) encompasses all 

the interdisciplinary activities involved in 

determining, documenting and maintaining an 

agreed set of requirements for a system, and for 

tracing these through to implementation. A 

specific concern is the development of practical 

techniques, methods, and tools to support these 

activities.” 

Determining Requirements 
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I have an idea! 

Project Progress 
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But what is that idea? Really? 

Determining Requirements 
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But what do I really want? 

Determining Requirements 
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But what do I really want? 

Determining Requirements 
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Information flow  

Determining requirements 
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I need a team! 

Determining requirements 



21   Determining requirements 



22   Determining requirements 
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Determining Requirements – CCTV/OMA 
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24   Determining Requirements – Sydney Opera House/Utzon 
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25   Determining Requirements  - St Mary Axe, Foster and Partners 
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“Requirements engineering (RE) encompasses all 

the interdisciplinary activities involved in 

determining, documenting and maintaining an 

agreed set of requirements for a system, and for 

tracing these through to implementation. A 

specific concern is the development of practical 

techniques, methods, and tools to support these 

activities.” 

Interdisciplinary Activity 
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Support 

Interdisciplinary Activity – Air Force Museum, Duxford, Foster & Partners 
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Power 

 

Interdisciplinary Activity – Citibank Data Center, Arup Associates 
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Comfort  

Interdisciplinary Activity 
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Inspiration 

 

Interdisciplinary Activities – Frick Chemistry, Hopkins Architects and Payette 
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31   Interdisciplinary Activities 

15% 

Space for Services 
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Space for Services, Circulation and Support 

Interdisciplinary activities 

35% 
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Information flow 

Interdisciplinary activities 
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Concept Design - Massing 

Interdisciplinary Activities 
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Concept Design – test fit 

Interdisciplinary Activities 
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Concept Design – Mechanical System sketch 

Interdisciplinary Activities 

© Arup 
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Concept Design – Mechanical System Sketch 

Interdisciplinary Activities 

© Arup 
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Concept Design – Rendering  

Interdisciplinary Activities 
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Interdisciplinary Activities 

• Not all requirements come from the owner  

• Not all requirements can be put into words 

• Interdisciplinary conflict supports the design.  

Interdisciplinary Activities 
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Requirements conflicts 

Interdisciplinary Activities – Lingotto Bolla, RPBW 

© CAREservice/Torino 
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Requirements conflicts 

 

Interdisciplinary Activities – Lingotto Bolla, RPBW 
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Concept Design 

Project Progress 
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“Requirements engineering (RE) encompasses all 

the interdisciplinary activities involved in 

determining, documenting and maintaining an 

agreed set of requirements for a system, and for 

tracing these through to implementation. A 

specific concern is the development of practical 

techniques, methods, and tools to support these 

activities.” 

Maintaining Requirements A 
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Value Engineering… Vision 

Maintaining Requirements 
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Value Engineering – Information Flow 

Maintaining Requirements A 
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Value Engineering… Reality 

Image of either a poorly lit room with lots of people slogging over 
laptops… 

Or of a battlefield (which would be funnier) 

Or a cartoon with a meeting going poorly if you can find such a 
thing. 

Maintaining Requirements A 
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• Triangle diagram 

Maintaining Requirements A 

FAST 

CHEAP GOOD 

 

Getting back to budget 



48   Maintaining Requirements A 



49   Maintaining Requirements A 

70F/21C Winter 

74F/24C Summer 
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Diversity  

Maintaining Requirements A 
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Making trade-offs 

Maintaining Requirements A 
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Making trade-offs 

Maintaining Requirements A 
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Project Progress 

Project Progress 
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“Requirements engineering (RE) encompasses all 

the interdisciplinary activities involved in 

determining, documenting and maintaining an 

agreed set of requirements for a system, and for 

tracing these through to implementation. A 

specific concern is the development of practical 

techniques, methods, and tools to support these 

activities.” 

Documenting and Modeling 
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Information transfer 

Documenting and Modeling 



56   Documenting and Modeling 

Construction Documents 
© Arup 
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If you’re going to change your mind… 

Documenting and Modeling 
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Interdisciplinary coordination 

Documenting and modeling 

© Erin McConahey 
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Documentation goals 

• A bid at the expected price 

• Tight enough to maintain quality, loose enough 

to allow competitive pricing 

• Documents are not ambiguous or in conflict with 

each other 

 

Documenting and Modeling 



60   

Specifications 

 

Documenting and Modeling 
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Visualizations and mock ups 

 

Documenting and Modeling – Frick Chemistry, Hopkins Architects and Payette 
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62   Documenting and Modeling 

Drawings 

© Arup 



63   Documenting and Modeling – 2D drawings 

© Arup 
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Typical laboratory layout 

 

Documenting and Modeling – 3D models – Ducts and Hoods 
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65   Documenting and Modeling – 3D models – Ducts, Pipes, Hoods 

© Arup 



66   Documenting and Modeling – 3D models – Ducts, Pipes, Hoods 

© Arup 



67   Documenting and Modeling – 3D models – Ducts, Pipes, Hoods, Power 
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68   Documenting and Modeling – 3D models – Ducts, Pipes, Hoods, Power, Structure 
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70   Documenting and Modeling 
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Checking uses pattern languages 

 

Documenting and Modeling 

© Arup 
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Revit 

Documenting and Modeling 
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Documentation 

• Documentation uses standard formats and model 

language 

• Goal is to provide both clarity and opportunity 

for savings 

• Checking is key 

 

Documentation and Modeling 
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“Requirements engineering (RE) encompasses all 

the interdisciplinary activities involved in 

determining, documenting and maintaining an 

agreed set of requirements for a system, and for 

tracing these through to implementation. A 

specific concern is the development of practical 

techniques, methods, and tools to support these 

activities.” 

Maintaining Requirements during implementation stage 
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Project Progress 

 

Maintaining Requirements B 
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Whose requirements? 

Maintaining Requirements 
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Whose requirements?  

 

Maintaining requirements – High Museum Expansion, RPBW 
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78   Centro Roberto Garza Sada, Monterrey, Mexico, Tadao Ando 
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79   Maintaining Requirements – Gold Street, Gehry 
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80   Brazilian National Congress, Brasilia, Brazil- Oscar Niemeyer 
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Maintaining requirements – CCTV/OMA 
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Maintaining Requirements – Chiesa dell’Anno 2000 – Richard Meier 
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83   Maintaining Requirements – Prada Tokyo, Herzog and de Meuron 
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Moving into Construction 

Project Organization 
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Project Progress 

Project Stages 
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“Requirements engineering (RE) encompasses all 

the interdisciplinary activities involved in 

determining, documenting and maintaining an 

agreed set of requirements for a system, and for 

tracing these through to implementation. A 

specific concern is the development of practical 

techniques, methods, and tools to support these 

activities.” 

Tracing  
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What we wanted 

Tracing – Submittals and logs 
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Where it’s going 

 

Tracing – the last 100 meters 
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What we wanted, where we want it 

 

Tracing 

© Brian Markham 



90   Tracing 
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Different goals 

Tracing 
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Managing Change 

Tracing 
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A single source of truth 

 

Tracing 



94   

Construction 

• Regimented  

• Process driven 

• Cooperation is not the natural state 

 

Tracing 
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What does the owner see here? 

 

Tracing 

© Jeffrey Huang 



96   

Moving into Construction 

Project Organization 
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Handing over 

Project Organization 



98   Handing over 
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Handing over 

Project Organization 
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“Requirements engineering (RE) encompasses all 

the interdisciplinary activities involved in 

determining, documenting and maintaining an 

agreed set of requirements for a system, and for 

tracing these through to implementation. A 

specific concern is the development of practical 

techniques, methods, and tools to support these 

activities.” 

In Summary… 
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Buildings or ‘Vertical Infrastructure’ 
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