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& Circula r Economy
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Why change?
What is an adaptable building?
What does it take to favour
adaptability?
How can we design for future 
adaptability?



Why AECO needs to change? 

• Lack of skilled labor
• Poor productivity

• Housing crisis 
• Affordability
• Quality & 

customer satisfaction• Environmental crisis

Building & construction 
responsible for:

40% of the world’s extracted 
materials
39% of all carbon emissions
11% comes from embodied carbon 
emissions
Almost the entire waste stream 
comes from demolition



Potential answers

• Digitalisation of the AECO industry
• Industrialisation of construction
• Circular economy strategies for buildings:

- Réuse and adaptation 
of the existing and future built assets



specs

Simulation 4D

Cost estimation- 5D

FM

Functional
Programming

Site monitoring; 
Scan 3D; Mobile; 
Drones

LEAN Construction

Multidisciplinary
Coordination 

Site 
Logistics

GPS
Excavation

Performance 
Optimization

BIM – BUILDING INFORMATION MODELING

Virtual reality



BIM (Building Information Modelling) 
& accelleration of innovation 

Digital Transformation of AECO industry

BIM VDC 
Virtual and augmented reality

Digital Twins
Smart Building      Lean construction

Automatisation Smart Cities
Robotisation DfMA

Artificial Intelligence Offsite construction
Digital Fabrication 3D printing

Exosqueletons Circular economy
IoT    DfD

Construction 4.0

BIM
linear

exponential
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Transition to industrialised construction  
- city of London residential projects

https://www.youtube.com/watch?v=_dzskvz4Yew

https://www.youtube.com/watch?v=_dzskvz4Yew


Innovation problem: Industry fragmentation

(re f: Hall e t a l (2014) 
www.researchgate.net/publication/281064102



Advantages associated with off-site construction
(and industrialized construction) 

o Increased productivity
o Shortening of cons truction time
o Cost predictability and re liability
o Quality improvement

Social advantages

o Better conditions for learning 
and continuous improvement

o Improvement of working 
conditions

o Positive impact on occupational 
health and safety

o Possibility to retire later (no 
heavy impact on the body)

o Favors mental health

Environmenta l advantages
o Supporting sustainable 

development: Reducing the waste 
of labor and materials

o Creating better conditions for 
circular economy: Dry mechanical 
joints, productization, modularity



Circular economy – a scheme

Source: Recyc-Québec



Design for Adaptability (DfAd)
- Definitions
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• Adaptability : Is the ease with which buildings 
can be physically modified, deconstructed, 
refurbished, reconfigured, or repurposed 
(Ross et al. 2016)

• Adaptable Architecture: how to prolong the 
useful life of buildings by designing them to 
be more adaptable, creating a more 
sustainable built environment. 
(Schmidt and Austin, Adaptable Architecture 2016)



Why refurbish, change, adapt?

(Schmidt and Austin, Adaptable Architecture 2016)



Circular economy strategies

Linear 
economy

Increased 
circularity

Potting et al. (2017)



Circular economy and industrialized construction? 

• Reduce material waste
• Potential for adaptability and deconstruction
• Less transport (of materials and of people)

- Smaller carbon footprint



Typology of building’s adaptability

(Schmidt and Austin, Adaptable Architecture 2016)



Adaptability Typologies

Source: Adaptable future 2012



Relations between building aspects, 
CE strategies and adaptability strategies

(Schmidt and Austin, Adaptable Architecture 2016)



• Layers provide a way of thinking 
about the building that link both 
time and the building’s material 
form, conceiving components as 
different ‘layers’ of longevity.

Source: Building layers and time (adapted from Brand, 1994)

Building Layers (shearing layers)

Design strategies:
• Separation of systems depending on their  life-

length
• ‘Dry’ mechanical connections 

• Modular construction
• IBS (Industrialized Building Systems)

• Structural decomposition ‘Super Skeleton & 
Intelligent Infill’

• Open Building concept
• Systemic multilevel grids
• Open engineering systems



Some high level design strategies

(Schmidt and Austin, Adaptable Architecture 2016)



On modularity

(Schmidt and Austin, Adaptable Architecture 2016)
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Cost certainty meta-model

(Schmidt and Austin, Adaptable Architecture 2016)



• Layering Building Components & Systems
• Reserve Capacity

(accommodate a potential increase in future 
loads)

• Design for Deconstruction (DfD) 
to be able to reuse the elements after
deconstruction

• Mechanical Connections
• Modularization

(standardization of components sizes and
interfaces)

Design for adaptability principles

• Commonality
(using the same component sizes and 
construction details throughout a building) 

• Accurate Information 
(plans, BIM)

• Access for Assessment
(layers; visual and remote sensing)

• Simplicity
(provides certainty for designers working 
on adaptation)

• Appropriate Materials 
(durable, non-toxic)

• Open Plan Layouts



• Precise coordination (BIM)

• Simulation of the adaptability

• DfMA – DfMAd (Design for 
Manufacturing and Adaptability) 

• Information tracking diring the 
building’s lifecycle
(Digital thread)

The prerequisits – digitalisation + industrialisation 

Benefits of digitalisation
(among others)

• Mechanical (dry) connections
• Standardisation of the interfaces 
between parts

• Modularisation 
• Simplified assembly
(Plug-and-play)

Benefits of industrialisation
(among others) 



Change in the 
business models

https://www.effekt.dk/urbanvillage

The Urban Village Project

https://www.effekt.dk/urbanvillage


Some examples
of modularity
and adaptability



• Extension modulaire de l’hôpital Maisonneuve-Rosemont
• Certains stades du FIFA-22

Modular & deconstructable
buildings

https://lefil.ciusssestmtl.net/survol-dun-batiment-tout-neuf/



Engineered wood
UBC – Brock Commons, Vancouver

www.canadianarchitect.com/brock-commons-acton-ostry-standing-tall/ 



Modularity and standardised interfaces



Dry mechanical connections

Source: ArchDaily



The challenges

• Perception of repetitive & monotonous architecture
• Needs change in the business models
• Provoques changes in the traditional roles
• Suffers from the fragmentation of the AECO industry



Can we rehabilitate
the notion of  ‘standard’?



The Gothic rose



‘Rodin: Transforming Sculpture’

Rodin used the term bozzetti for his beloved “pieces” or sculptural studies of tiny arms, heads, legs, hands 
and feet, which he modelled in clay before having several casts of them made in plaster. He thus built up a 
repertory of forms, into which he readily delved to complete his fragmentary figures, composing new groups 
and assemblages in a totally unprecedented manner.  (musee-rodin.fr)

https ://www.wsj.com/articles /rodin-transforming-sculpture-review-re inventing-an-art-form-1470258143

Rodin’s  mos t radica l innova tion: the  recombinant figure

https://www.wsj.com/articles/rodin-transforming-sculpture-review-reinventing-an-art-form-1470258143


Steel structures



• Mass ccustomisation
• Flexibility
• Adaptability

• Digitalisation & robotisation

The challenges- repetitive and monotonous architecture



The Sydney
Opera house

www.designweek.co.uk/issues/april-
2014/building-the-sydney-opera-house/

www.reddit.com/r/architecture/comments/kmyzaa/sydney_opera_house_under_construction_1973/

https://robbievanleeuwen.github.io/engineering%20jour
nalism/sydney-opera-house/



Mass customization

www.sightline.org/2018/08/02/modular-construction-a-
housing-affordability-game-changer/

www.aplusv.solutions/systems/ https://inhabitat.com/prefabricated-broadway-stack-apartments-break-
ground-in-manhattan/gluck-broadway-stack/



Open systems, plateforms, kits of parts

https://www.projectfrog.com/kit-of-partsOpenBuilding.co



Kitconnect

Industrialized system for schools

www.projectfrog.com/flex-building-program

https://builtoffsite.com.au/news/kitconnect-taking-it-to-the-
cloud-mmc-and-a-standardised-kit-of-parts/

http://www.projectfrog.com/flex-building-program


Automatisation & robotisation



Creativity & integration, DfMA

https://www.archdaily.com/991029/mast-designs-a-sustainable-modular-
system-for-building-floating-architecture

https://precast.org

https://precast.org/2020/04/a-precast-confection/


DfMA – Design for Manufacturing and Assembly



Configurators

Source: Daniel M. Hall
Prism-app.io – la  mairie  de  Londres

https://www.researchgate.net/profile/Daniel-Hall-4


A framework for Design of 
adaptable buildings



Genesis of the proposed
framework



Proposed framework
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The  conceptua l 
framework is  derived 
from the  theory of 
shearing layers . 
This  re finement offe rs  a  
more  de ta iled a rray of 
s tra tegies , s implifying 
the  process  of access ing 
approaches  for 
adaptable  buildings .



Evaluation method

5
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Evaluation of the adaptability of Gaston Miron library

5
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Educating ‘change agents’ 

SHORT MASTER’S PROGRAM IN (BIM)

DESS 
IN BIM & DIGITAL INNOVATIONS



Thank you !

QUESTIONS? 

ivanka.iordanova@etsmtl.ca
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