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Adaptable buildings
— why and how
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A bit about me

Associate Professor - ETS, Montreal

o Architecture — UASEG, Sofia, Bulgaria

o MScA, PhD — Université de Montreal
teaching, research in architecture

o Post-doc — Ecole de technologie supérieure
(ETS) teaching, research - GRIDD
BIM & digital transformation of AECO

o Pomerleau Inc. — Canadian General Contractor
BIM, VDC, Innovation Director
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GRIDD — Research Group in Integration &
Sustainable Development in Construction

BIM & mformation lifecycle
management

gk ) Digital Twin and Al

Industrialization &
automation of construction

Legal framework &
contractual language

Integration, collaboration &
Lean Construction

Sustamnable development
J & Circular Economy
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EN INTEGRATION ET DE}"ELOPPEMENT DURABLE .
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Industrial Research Chair on
digital technologies in construction
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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?
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Why AECO needs to change?

~ >

. Lack of skilled labor
* Poor productivity
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\Imost the entire
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Housing crisis
Australian house prices

Afforda blr-lrlil';yn adjusted, March 20T =

Quality &
customer satisfaction



Potential answers

 Digitalisation of the AECO industry
* |ndustrialisation of construction

* Circular economy strategies for buildings:

- Reuse and adaptation
of the existing and future built assets
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Virtual reality

Cost estimation- 5D
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Digital Transformation of AECO industry

BIM (Building Information Modelling)
& accelleration of innovation 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

BIM Exosqueletons Circular economy
loT DfD

Construction 4.0

exponential

\

linear

.

=

Research & development
knowledge -> Funding -> Benefits

I
1970 1980 1980 2000 2010 2020
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Reshape regulation

. Action in seven areas
can boost sector
productivity by

A 20-60"%

5—10)( productivity boost

possible for some parts of the industry by moving
to a manufacturing-style production system

Rewire contracts
Rethink design
mprove procurement and supply chain

mprove onsite execution
nfuse technology and innovation
Reskill workers

©000000

McKinsey&Company
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Transition to industrialised construction

- city of London residential projects
THE FARMER REVIEW OF

THE UK CONSTRUCTION
LABOUR MODEL

Published: 18 July 2019
The London Mayor’s office has sponsored the development of a free application for developers to help
conform to London’s spatial planning rules and assist in deciding which rapid off-site construction
technology best fits their design.
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https://www.youtube.com/watch?v=_dzskvz4Yew
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Construction Project Across Projects
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Three Dimensions of Fragmentation in the AEC industry (Sheffer 2011;
adapted from Fergusson 1993)

G R l D D EN INTEGRATION ET DEVELOPPEMENT DURABLE (ref Halletal (2014)

EN ENVIRONNEMENT BAT www.researchgate.net/publication/281064102
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Environmental advantages
e

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

Increased productivity
Shortenmg of construction time
Cost predictability and re hability
Quality improvement

Supporting sustainable
development: Reducing the waste
of labor and materials

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

Social advantages

Better conditions for learning
and continuous improvement

Improvement of working
conditions

Positive impact on occupational
health and safety

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

Favors mental health
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Circular economy — a scheme

EXTRACTION TRANSFORMATION DISTRIBUTION

L L

UTILISATION

RE.IET

SURCONSOMMATION
DE RESSOURCES

.

REPENSER

UTILISATION
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Design for Adaptability (DfAd)
- Definitions

« 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?

Physical

Economic

Functional

Weathering

Market fluctuations (real estate values)

Ownership/user needs

Wear and tear

Budget shifts

Organisational expansion/shrinkage

Vandalism

Ownership/use least cost alternative

Type of work (ways of working)

Incompatibility factors
(chemical)

Reduction in lease lengths

Quality of workplace (employee comfort)

Global competition

Flexible employment arrangements

Technological

Social

Legal

Information technologies

Fashion (aesthetics)

General legislation

Construction methods

Demographics (life expectancy)

Building ordinances (safety regulations)

Material performance

Lifestyle — mobility, density (urbanisation)

Construction standards

Product life cycles

Social agendas, trends

Government grant incentives

Transport facilities

Skills (sophistication of user)

Planning

Environmental controls
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p— (Schmidf and Austin, Adaptable Architecture 20176)
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Circular economy strategies

circularity

Linear
economy

ECOLE DE

TECHNOLOGIE GROUPE DE RECHERCHE
SUPERIEURE EN INTEGRATION ET DEVELOPPEMENT DURABLE )
~ EN ENVIRONNEMENT BATI Potting et al. (2017)
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Circular economy and industrialized construction?

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

- Smaller carbon footprint

Embodied Carbon Operational Carbon

\ Manutacture, transport and 1 Building energy consumption
\ installation of construction materials /
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Typology of building’'s adaptability

ADJUSTABLE VERSATILE REFITABLE

reversipble ——
connections

CHANGE OF TASK CHANGE OF SPACE CHANGE OF PERFORMANCE
SCALABLE CONVERTIBLE MOVABLE

CHANGE OF SIZE CHANGE OF USE CHANGE OF LOCATION

GROUPE DE RECHERCHE
EN INTEGRATION ET DEVELOPPEMENT DURABLE
EN ENVIRONNEMENT BATI

(Schmidt and Austin, Adaptable Architecture 2016)
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MOVABLE . ADJU!

inflatable plug and play elements o
light weight components cheap materials
kit-of-parts j adjustable fixtures
easy connections l\? movable walls
collapsable ‘ - ; ) detachable objects
human-scale components " e o 855% - é ‘ loose furniture
SCALABLE B,
SiZe

e & space
orthogonal shapes . - % planning grid ot
underground | A % divisible/joinable rooms
adaptable
expand floor plate . wide circulation
¥ the capacity for a building to
surplus capacity . »; accommodate effectively the framed structure
Y evolving demands of its
modular units - ® context, thus maximizing its undefined space
> : hr h life
extra space ‘ % MR MR b spatial transitions
[}
)
dividable/ joinable rooms ‘ excess service points
function tall floor heights 0 reversible connection periormance
customisable finishes . koo P ‘ intermediate component
transportation links .. “ knockable
direct light . - standardised solution

multi-functional spaces

access space
enlarged ground floor

simple & minimum finishes

ECOLE DE

TECHNOLOGIE GROUPE DE RECHERCHE
SUPERIEURE EN INTEGRATION ET DEVELOPPEMENT DURABLE
AT Lniversité du Québec

Source: Adaptable future 2012
EN ENVIRONNEMENT BATI




Relations between building aspects,
CE strategies and adaptability strategies

PHYSICAL

SPECIFIC, HARD, ACTIVE

SPATIAL

GENERIC, SOFT, PASSIVE

REDUCE REUSE RECYCLE

AVAILABLE VERSATILE CONVERTIBLE SCALABLE REFITABLE ADJUSTABLE MOVABLE RECYCLE
SPACE USE £5 1 PERFORMANCE TASK LOCATION
INDUSTRALISATION FLEXIBLE DEMOUNTABLE

o——o— 0

(Schmidf and Austin, Adaptable Architecture 20176)
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Building Layers (shearing layers)

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

6 building layers

Design strategies:

skin I —— » Separation of systems depending on their life-
length
structure I E— ) , . :
* ‘Dry’ mechanical connections
services N I— * Modular construction

* IBS (Industrialized Building Systems)

space plan I —  Structural decomposition ‘Super Skeleton &

stuff - Intelligent Infill’
* Open Building concept
site ] ° Systemic multﬂevel grids
Flastd oo Sheward Brand 835 maded How Buddings Learn | EEE B R B I ] .
O 5 10 20 40 B0 180 220 * Open engineering systems

EN ENVIRONNEMENT BATI

GRIDD simmsstammmerumas Source: Building layers and time (adapted from Brand, 1994)
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Some high level design strategies

Physical elements

DS01: Modularity

DS05:

Loose fit

DS11: Aesthetics | DS12: Multiple scales

DS02: Design 'in” time

DS06:

Spatial planning

DS03: Long life

DS07/:

Passive techniques

DS04: Simplicity and Legibility

DS08:

Unfinished design

DS09:

Maximise building use

DS510:

Increased activity

(Schmidf and Austin, Adaptable Architecture 20176)
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On modularity

DESIGN BUILDING
STRATEGIES x12 CHARACTERISTICS x60

capacity for the construction to be separated into its

CAR1 Reversible constituting parts (with minimum if any damage)

CAR2 Movable Stuff furniture, equipment or fixtures that can be moved

DS1 throughout the building freely
M_ODULARITY , CAR3 Component components within the building are easily accessible;
separation of the physical Accessibility other components are not damaged in the process
parts of the building into : _ — _ —
defined functional entities | CAR4 Functlor}al separation of functions into dlﬁgrent constituting parts;
Separation 1:1 function to component relationship
Design tactics DT1-9
Case studies A4, A5, A14 and A15

(Schmidf and Austin, Adaptable Architecture 20176)

GROUPE DE RECHERCHE
EN INTEGRATION ET DEVELOPPEMENT DURABLE
EN ENVIRONNEMENT BATI
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DESIGN STRATEGIES BUILDING LAYERS ADAPTABILITY TYPES

DESIGN STRATEGIES DESIGN GUIDELINES ADAPTABILITY TYPES

MODULARITY | MOBULARITY CONFIGURATION
| SOCIAL |
CAPACITY [
DESIGN IN' TIME ADJUSTABLE [ NUMBER | .
() DESIGNINTIME B L] ADJUSTABLE
O —1—H e [T |
O LONG LIFE — TYPE
E LONG LIFE . ——
| VERSATILE —r— -
| VERSATILE ST ey _
SIMPLCTYSLEGLTY S o i
m SIMPLICITY & LEGIBILITY B ¥ TYPE }
e _ | NUMBER |
0 -
—H SPACEPLAN | -« <e: FIT : | RECORD |
[ S [ ! REFITABLE
SPATIAL PLANNING - | COORDINATION sme: |
L4 SERVICES | SPATIAL PLANNING " DIMEN :
FASSIVE TECHMIQUES CONVERTIBLE ‘ SPATIAL FORM
H ASSIVE TECHNIQUES 2
T o i i il F=  SUPPORT SPACE |— CONVERTIBLE
UNFINISHED DESIGN Sl +H e | -
. . : i 1 SPATIAL QUALILTY |
: UNFNISHED DESIGN 3 2 ‘| | " SPATIAL BARRIERS |
MAXIMISE BUILDING UsE IS S sesy BEREEERTRRRRN  SCALABLE i
} : MAXIMISE BUILDING UISE e SCALABLE
—H s |.: [ __5"_?§__ |
i MOVABLE e ST aiad 41| EMPTYSPACE |—
AESTHETICS i T UNCONSTRAINED |
g MOVABLE
| SURROUNDINGS AESTHETICS = = TR DE
MULTIPLE SCALES !
11 ADJACENCIES
Egg;:gioele G R | D D GROUPE DE RECHERCHE MULTIPLE SCALES i =
SUPERIEURE EN INTEGRATION ET DEVELOPPEMENT DURABLE
B Université du Québec EN ENVIRONNEMENT BATI R [ CIH‘CUL.“T]’DN =
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Cost certainty meta-model

HIGH COST
Q | “Life-savers" Q3 “Luxuries”
OVERSIZED
FRAMED COLUMNS
STRUCTURE OVERSIZED
FOUNDATION
ADDITIONAL INCREASED
PLANT CAPACITY
JONED STOREY HEIGHT ADDITIONAL
MODULAR SERVICES LIFT PITS
FURNITURE FLOOR SLAB
PLUG ‘N PLAY REDUMNDANCY
COMNMNECTIONS
CERTAIN UNCERTAIN
BENEFITS BENEFITS
DEMOUNTABLE STANDARDISED
éﬂiﬂtL?ﬁES PARTITIONS FENESTRATIONS
KNOCK OUT
STANDARD LARGE PANELS
STRUG%T;JM SERVICE
VoS REDUNDANT
SUSPENDED UNTELS
o CEILINGS IN WALLS
FLOORS
MAGMNETISED
DOOR SIGMS
Q2 “Good buys” Q4 “Cheap tricks”
LOW COST

GROUPE DE RECHERCHE
EN INTEGRATION ET DEVELOPPEMENT DURABLE
EN ENVIRONNEMENT BATI

(Schmidft and Austin, Adaptable Architecture 2076)
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Design for adaptability principles

 Layering Building Components & Systems « Commonality
» Reserve Capacity (using the same component sizes and

(accommodate a potential increase in future construction details throughout a building)

loads) » Accurate Information

« Design for Deconstruction (DfD) (plans, BIM)
to be able to reuse the elements after * Access for Assessment
deconstruction (layers; visual and remote sensing)

* Mechanical Connections « Simplicity

« Modularization (provides certainty for designers working

(standardization of components sizes and on adaptation)

interfaces) * Appropriate Materials
(durable, non-toxic)

* Open Plan Layouts




The prerequisits — digitalisation + industrialisation

Benefits of digitalisation
(among others)

* Precise coordination (BIM)

* Simulation of the adaptability

 DIMA — DfMAd (Design for
Manufacturing and Adaptability)

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

Benefits of industrialisation
(among others)

* Mechanical (dry) connections

e Standardisation of the interfaces
between parts

* Modularisation

* Simplified assembly
(Plug-and-play)
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Change in the
business models |

§ BUILDING
LIFECYCLE

SUBCRIPTION
CYCLES

GROUPE DE RECHERCHE
EN INTEGRATION ET DEVELOPPEMENT DURABLE
EN ENVIRONNEMENT BATI

https://www.effekt.dk/urbanvillage



https://www.effekt.dk/urbanvillage

Some examples
of modularity
and adaptability
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Stadium 974 by Fenwick Iribarren Architects SFIELD

orofessionals

Modular & deconstructable
buildings

« Extension modulaire de I'népital Maisonneuve-Rosemont
« Certains stades du FIFA-22

ECOLE DE

TECHNOLOGIE GROUPE DE RECHERCHE

SUPERIEURE EN INTEGRATION ET DEVELOPPEMENT DURABLE
Université du Québec EN ENVIRONNEMENT BATI

https://lefil.ciusssestmtl.net/survol-dun-batiment-tout-neuf/
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Engineered wood
UBC — Brock Commons, Vancouver

CLY Aoor slabs with glulam
columna and 1teel conmneciom

I
.
.
||
e
TIUAL
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Lol ol |

hybrid mass timber and concrete core structure
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www.canadianarchitect.com/brock-commons-acton-ostry-standing-tall/
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Modularity and standardised interfaces
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Dry mechanical connections

Sphce n e

BT Sapypsont
Splice in aine

colmrmn

Splice m s

Splec m ke

View of joint with Continues beam

Source: ArchDaily
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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

GROUPE DE RECHERCHE
EN INTEGRATION ET DEVELOPPEMENT DURABLE
EN ENVIRONNEMENT BATI




Can we rehabilitate
the notion of ‘standard’”?




The Gothic rose
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‘Rodin: Transforming Sculpture’

https:/www.wsi.com/articles/rodin-transforming-sculpture -re view-re mventing-an-art-form-1470258143

Rodin’s most radical mnovation: the recombmant figure

Rodin used the term bozzetti for his beloved “pieces” or sculptural studies of tiny arms, heads, legs, hands

Rodin’s small model of ‘Three Shades’ and feet, which he modelled in clay before having several casts of them made in plaster. He thus built up a
(1897). 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)

PHOTO: CHRISTIAN BARAJA/MUSEE RODIN


https://www.wsj.com/articles/rodin-transforming-sculpture-review-reinventing-an-art-form-1470258143
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Steel structures
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The challenges- repetitive and monotonous architecture

« Mass ccustomisation
* Flexibility
* Adaptability

 Digitalisation & robotisation

ECOLE DE

TECHNOLOGIE GROUPE DE RECHERCHE
SUPERIEURE EN INTEGRATION ET DEVELOPPEMENT DURABLE
UGN Université du Québec EN ENVIRONNEMENT BATI
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The Sydney
Opera house

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

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

ECOLE DE

TECHNOLOGIE GROUPE DE RECHERCHE . . .
SUPERIEURE G R | D D EN INTEGRATION ET DEVELOPPEMENT DURABLE www.degg nweek.co.uk/issues/april-
EN ENVIRONNEMENT BATI 2014/building-the-sydney-opera-house/
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Mass customization

N

¥
=

MODEL PARAMETERS
PORTRUSION MULTIPLE BALCO... PORTRUSION SINGLE BALCONY
® 800 ® 1200
BALCONY FOOTPRINT FLUENCY NUMEBER OF PANELS
@ 0,2 L 3 -
www.aplusv.solutions/systems/ https://inhabitat.com/prefabricated-broadway-stack-apartments-break-

ground-in-manhattan/gluck-broadway-stack/

— www.sightline.org/2018/08/02/modular-construction-a-
SUPERIEURE G R | D D gﬁ?ﬂfgsﬂfﬂf :‘?[I:JPEI\EJELOPPEMENTDURABLE housing-affordability-game-changer/

EN ENVIRONNEMENT BATI
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Open systems, plateforms, kits of parts

https://www.projectfrog.com/kit-of-parts

ECOLE DE

= TECHNOLOGIE GROUPE DE RECHERCHE
SUPERIEURE EN INTEGRATION ET DE}'ELOPPEMENT DURABLE
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Industrialized system for schools

Kitconnect

Product Development | Project Execution

:_-';'_-F"
Use Released Module Review Building
Units for BHI'H;HQ' D-Eﬁlrgﬂ ﬂ'esrgn

Design & Publish Sub- Release Component Design Module Unils : -

Component Revisions Revisions for use in with Released Sub- //

Design Components
Fob level Design of Release Sub-Components to
Sub-Componenis Fabrication

www.projectfrog.com/flex-building-program

Product Design Manager  Product Designer Production Engineer Architect - Sr. Designer  Architect - Project Manager

coLe o https://builtoffsite.com.au/news/kitconnect-taking-it-to-the-

TECHNOLOGIE GROUPE DE RECHERCHE

SUPERIEURE G R | D D EN INTEGRATION ET DEVELOPPEMENT DURABLE Cloud_mmC_and_a_Standardised_kit_of_parts/

RS Université du Québec EN ENVIRONNEMENT BATI



http://www.projectfrog.com/flex-building-program
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Automatisation & robotisation
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Powring these precast punched windows for the Doming Sugar Refinery apartment complex was a large job for Gate
Precast, requiring mufliple concrete catls in thees diffedent profiles. Durable 30 printed malds for concrele casting
masde with Big Area Additive Manufacturing [BAAM) printers hawve enabled the company to deliver quality precast
pleces within a shoster timelne than wooden Feeme.

ECOLE DE

TECHNOLOGIE GROUPE DE RECHERCHE
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Creativity & integration, DTMA

ECOLE DE

TECHNOLOGIE GHOUP'E DE RECHERCI‘!E
.. . G R | D D Pt LD e https://precast.orq https://www.archdaily.com/991029/mast-designs-a-sustainable-modular-
' system-for-building-floating-architecture



https://precast.org/2020/04/a-precast-confection/
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DfMA — Design for Manufacturing and Assembly

Design for Manufacture Design for Assembly

e Design for productivity e Minimize and manage interfaces
including templates / jigs

e Design for logistics e Simplify and reduce sub-assemblies and
component parts

e Designto be modular e Reduce assembly risks

e Design to facilitate manufacturing e Make sub-assembly easy

e Optimize design for supplier e Design for easy handling

capabilities
e Use common parts and materials e Use efficient methods of joining

¢ Prototype and perform first run studies
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Configurators

Clients, Planners, Architects

Architects, Engineers !

Engineers, Manufacturers
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A framework for Design of
adaptable buildings




A.Structural re

uirements

A.1 Access

A.2 Measurement Systems

A.3 Facade

A.4 Function

A 1.1 Access to building

A2 1 Floor height

A.31 Insulation of the fagade

A4 1 Daily multifunctionality

A 1.2 Specified acccess for disablers

A2 2 Surplus of building space

432 Material

A 4 2 Seasonal multifunctionality

A.1.3 Reuse of stairs and elavators

A.2.3 Modular coordination

A.3.3 Movability of the fagade components

4.4 3 Dual functicnality

A.1.4 Location of of the vertical access

A2 4 Fire resistant load bearing

A _3 4 Daylight facilities

A2 5 Extendible building/ Horizontal unit

A_35 Maintenance access

A 2 6 Extendible buildig/ Vertical unit

A3 .6 Digital integration

A2 7 Insulation between stories and units

A.3.7 Accessibility to utilities

A2 B Shape of columns

A_3 8 Heritage preservation

A2 9 Independency of unit

A.3.9 Regulatory compliance

A2 10 Location of the core of the building

A.3.10 Community engagement

A 211 Material

A3.11 Attachment system

A 212 Assembly sequences

A2 13 Installation equipment

A.2.14 Dissassembly

A.2.15 Structural grid

A.2.16 Load bearing foundation for extending stories

Genesis of the proposed
framework

Based o Stewarsl Brand 85 madel, How Buidings Learm

B.Technical Requirements

B.1 Energy saving

B.2 Water consumption

B.3 Light

B.4 Air quality

B.5 Insulation

B.6 Connections

Optimise material use for heating / cooling

Waste water treatment and local reuss

Using natural ligh for interior spaces

Fine dust/ Exhaust system

Fire safety/ resistancy

Bolted connections

|natural ventilation

Local water collection

Optimize color use to light absorption/reflection

Matural ventilation

Energy modeling

Interchangable fixtures

[iocal cooling

Grey water recycling

Location and size/shape of daylight facilities

Green lungs

Moisture control

Plug- and- play Services

liocal energy/heat storage

Rainwater harvesting

Lighting control

Facade windows to be opened

insulation material durability

Labling and documentation

Optimize color use to heat absorption)reflection

Water metering

Smart lightning system

Smoke control

insulation integrity

User training

Eliminate Energy losses through fagade

Smart water control

Lightning zoning

Wellness certification

Green roof insulation

Insulation and acoustics system

Plumping accessibility

Daylight harvesting

Maintenance protocols

High insulation R-values

Glazing and shading

Emergency Lightning

Indoor plants

Climate responsive insulation

Orientation of the building

LCC analysis

Ventilation system design

Air sealing

Maintenance access

Air filteration

Scalability

Remote control and automation

Energy storage

C. Spatial

Distinction between infills

Dividing by flexible partition or movable walls

Prosity of spaces (Open building theory) |

Material selection

Spatial capacity

Natural lightning

Natural ventilation

ceiling system

Adaptable core areas

Efficient circulation

Modular design

Flexibility

Interface geometry

D. Site

Expandable site

Multifunctional site

Safety and security

Cwality of mobility

Matural landscape

Walkability

Distances to the entrance

Diversity

Cultural and heritage preservation

Community engagement

Sustainable transportation

E. Social

Privacy

Occupants engagements

Affordability

Community well-being

Cultural preservation

Youth and Elderly-Friendly

Safety and security

User centered design

6 building layers
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services e ——
space plan e m—

stuff [

Ste ——

A T e |
0 5 10 20 40 80 160 320



Proposed framework

Layers Criteria Numbers| Sub-criteria Explanation
Acces o bailding plays o orucal roles in enbancing it sdaptability, Adipta bhe buildings aee dedgned To evalwe oeees timee, accommodating charges in wse, technology, and
the emdronment. Casy and flexible access to different parts of 3 bullding facilitates this sdaptabil(ty. it allows for easier renovations, modifications, and repurposing of
A1 Access to bullding  |spaces without major disruptions or structural changes, This flesibility In sccess helps in extending the bullding's economic vakbillity, reducing maintenance costs, and
addressing changing socio-econam o nesds. Mareower, adaptable buildings, through their flamble sccess features, can respond more effectively to the needs of dwerse user
grongys, bhiereby contriteding boa mone imcdondee aod sostbainable il ewdrommaent.
A SPEﬂiﬁEd acccess for In they comieat of aocessilde or adaptable boildings, Y- Toes is bypica fy on gprowiding, Peatores and Sadilities thal crease coqual access and wsability Dor infividoals sdith
A A T disahlars disabilities. Such as Remps and Dlevators, Acoessibie Restrooms, SAccessible Parking.
a CCESS A3 Reuse of stairs and  |gefers 1o designing or retrofitting a bullding in a way that allows existing staircases and elevators to continue senving their intended purposes efficiently, even as the bullding
’ EIa\l'atGrS e goa=s chieng e o adagtatioms oomee! cwohing needs o oeguulatione.
A4 Location of of the refiers to the strategic placement or positioning of elemaents such gs stairs, elevators, ramps, and other vertical cireulation mechanisms within @ buliding to ensure ease of
J vertical access movement and accessibility for ocoupants and visitors
= Fire safety anl resisfaner in insoalation signilicsnt by contribote Qs buildog s adaptobility by crsurimg enbsamced soleby, oegulatory comgilisnce, sooeed el mge, Ieveer
S E rVI CES Insurance costs, and greater flexibifity for variows uses. Fire-resistant insulation matenals show down the spread of flames, enhancng acoupant safety and redwang structural
.1 Fire sa'!et'l,',f resistancv darnage in case of a fine. Bullding codes and regulations often mandate fire-resistant insulation, ensuring legal compliance and reducing the nsk of cestly retrafits. Lower
mredararer prerndums Qo boildsngs with effectiae Tine safeby featabe prosace $inaoca] adaptatlitg. Fire mess ot imeadalionalbve promobes sweGimsabibity, meilience, i
durability. making buildings better equipped to face variows challenges.
Energy modeling |5 & powerful tool that can signiticantly contribute to the adeptability of & building in seweral ways. By simulating and enalyzing energy performance under
varous scenarios, It helps Inform design decisions and optimize energy-efficlent features, which can lead to long-term sdaptabil ity benefits,
B2 Energy modeling
Moisture conteof in insulation significantly contributes to a bulding's adaptability, it prevents (ssues Hke mold growth, structural damage, and reduced insulation
performance, ensuring the longewty of the structune. Effective moistune control also supports energy efficiency, making the bulding adaptable to changing energy regulations
.3 Moisture control and market demands. Furthermone, it facllitates renovations and modifications, as well s enhances indope comfort and oocupant satisfaction. Onerall, proper molstune
management in insulation (s & fundamental aspent of creating & resilient and adaprable bullding.
rrsuliatiser rma i) churabslity gressthy cortritedes to o bilding™s adaptahility. Curablie inulafion Rabs longer, redeing masintersness mesds and oos s Dol iy e nborsoes a
Imsulation materia| building's resilience, enabling it to withstand adverse conditions. Durable insulation also helps maintain the butlding emvelope's |ntegrity, making the structure comfortable
B B3 dural:ﬂlihr and adaptable for vanous wses.
L -
II'BI:I‘IEIDM integrity significantly contnbutes to a h.lll;ir'n's adaptabality by ensuring sustained enengy efficiency, thermal comfost, and moeisture contral. It Supports the
I I -] sbrunctoral infegrity of the building, enbancing it owerall slability and langeaty, Maintaining ireadation integrity redhaes. this nessd Tor requent fepain, aptimizing leog- lemm
n 5 u atl D n 4 imulat|m intngrrb'[ o - el ecliveness and adaptability. Proper insolafion manosgement i eneiad for creating o comlortable, dorabile, spd olficiend boilding that caam essiby adopt boosrying
climares and purposes,
Green raof insulation, which imwlves plantlng vegetation on a3 bullding's rooftop, offers several benefits that contribute to the adaptahbility of the structure. Firstly, it enhances
B.5 Green roof insulation
High ireoulistiony Bowailes, wiich represent e teomal esbstanee of 2 il ding s irsolation motedals, offer normierow, gdwantages i signilicontly eontribute to a building®s
ngh insulation R- adaptability. Firstly, they enhance energy efficiency by minimizing heat transfer, reduting heating and coaling cests, and allowing the building to meet evoling energy
B.G efficiency standands and regulations .Secendly, higher R-valwes contribute te consistent indoor comfart by preventing temperature fluctuations and drafis, making the
values tailding addgtadde for wirious. dirmdabes and secugsant pref enences,
; . Climate-responsive insulation plays a pivotal rode In enhancing a bullding's adapiability by talloring insulation selutions to specific climate conditlons. Such an sppreach
a7 Climata responsIvE  |allows far better cantral of the indoor envranment, leading to several benefits, timate-responsive Insulation optimizes energy efficiency by adapting insulation strategies ta
y insulation lemza] elirmiale gaa e, fedkucing Lhe builsdfing™s reliome an mechanizil beating amd oooling syslemes and aligning sedth esalbdng coergy el Hoieney regulatians. B e lees yeir
fommnad com Bt Ery rmitigating bermperatune exteemes, ersuring e boilding remaine. sdaptablie ba jeaonal change= and variable st s condilion: -
Aur sealing in insuation significanty contnbutes to 3 bulding's adaptability by enhanong energy efficiency, indoer comfort, and overall building performance. By preventing
B2 Bir _gggling wewanfiod ciralis s air ek, air weall mg mimimieees ot o inocold weeather and heat gain in hol eseatber, redocdng beating and cooling costs and ersuring e badlding
meets evolving energy efficiency standards .
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The conceptual
framework 1s derived
from the theory of
shearmg layers.

This refinement offers a
more detailed array of
strategies, simphfying
the process ofaccessing
approaches for
adaptable buildings.



Evaluation method

Layers

Criteria

Numbers

Sub-criteria

Quantitative Questions

Qualitative Questions

Services
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Are the entry points to the building adaptable to accommodate different modes of

GRIDD

Al ACCESS to bmldmg access, such as mobility devices, walkers, or strollers?
1. What percentage of the building's total area is wheelchair accessible? 1. Is there a feedback mechanism in place for continuous improvement in
SpECiﬁEd dCCCeS5S |2. How many parking spaces are dedicated to individuals with disabilities, and accessibility features based on user experiences?
A2 for disablers what is their proportion in relation to the total number of parking spaces? 2. How adaptable is the building to emerging needs and technologies for
enhancing accessibility?
ACCESS’ bl hty A3 Reuse of stairs How often do the elevators and stairs require maintenance, and what are the How do the stair and elevator designs impact the flow of people and congestion
associated costs? uriny ak hours?
' and elavators e EIR e
AA Location of of the What is the average distance from key areas (like entrances, common areas, How do occupants and visitors perceive the convenience and accessibility of the
: . i i int? i ints?
vertlcal access emergency exits) to the nearest vertical access point? current vertical access points?
1. What percentage of the building’s total area is covered by the automatic fire 1. Are there any special considerations or safety features in place for individuals
sprinkler system? 2.What is the average time (in minutes) required for complete |with mobility impairments during a fire emergency?
Fire safet ,,' evacuation of the building during fire drills? 2. What fire-resistant materials and construction techniques were used in the
B.1 Y design of this adaptable building?
resista ncy 3. Are there any environmentally friendly or sustainable fire-resistant materials
or systems used in the building’s construction?please explain about the
strategies.
1. How closely do the actual energy usage metrics align with the energy modeling |1. How does the energy model accommodate the integration of renewable
B.2 deli predictions? energy sources?
* . at level of greenhouse gas emissions reduction is projecte e ener . How does the energy model take into account climate variability an entia
Energy modeling |5 what level of greenhouse g issi duction is projected by th gy |2. How does th gy model take int t climate variability and potential
model, and how does this compare to actual reductions achieved? future climate change impacts?
1. How does the building handle moisture control in areas that may experience 1. What are the challenges in maintaining and operating the moisture control
high humidity, such as bathrooms or kitchens? systems?
2. How has the building's design taken into account the potential for moisture 2. How does the building's moisture control strategy comply with health and
I nsu Iati 0 n B3 Moisture control |infiltration or leakage during adaptation phases? safety standards and guidelines?
3. Can you describe the moisture-resistant materials and construction technigues
used in the building's envelope, such as roofing and exterior walls?
1. What insulation materials have been used in the construction of the building, 1. How do the insulation materials affect the indoor environmental quality,
and how do they contribute to its energy efficiency and thermal performance? including factors like air tightness, moisture control, and indoor air guality?
B3 Insulation 2. What strategies are in place to ensure that insulation materials maintain their |2. What is the environmental impact of the insulation materials, considering

material durability

thermal resistance (R-value) over the building's lifespan?
3. Are there any insulation materials that are designed to be easily removed and
replaced during adaptation phases to ensure ongoing performance?

factors like production processes, embodied energy, and disposal?
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Evaluation of the adaptability of Gaston Miron library

Sub-criteria Questions Answers Best condition Worst condition
g P T | The least favorable stage in adaptable
Dlve rSitY Of the How is the diversity of functions in the emvironments (e.g., It is located in city center and surrounded by residential, commercial and religious Th? |Eiea] _stage of dw?mty n adfap_:-t.able buildings is marked by isolating the
1 . .. |commercial, residential, recreational) ? buildings. Butldings 15 chamcterined by flembrby ad building with limitted building with
environment and site inclusivity. Soert atiandhiy
In the process of renevating a historic library, established in 1960 and situated In the best scenario, building modifications In the worst scenario, building
£ centrally in the city, efforts were made to preserve its original function. This included |respect and preserve the historical and cultural | modifications disregard the cultural and
I the temporary relocation of all books to an alternate site during the renovation phase, significance of the structure. This involves heritage value of the structure. Key
L. i i with the intention of restoring them to their original location upen completion of the retaining key erchitectural features and historical features are often removed or
CU |tu ra I a nd herita ge Ao d-:)e_s the ad_aptable _bmldmg = Hesign cnntnbute_ o the 5 building work. Structural elements, particularly the walls featuring opals and glazing, | historical elemer ; that define the building's | altered beyond recognition to make way
PiescrEtion a!1d '“"eg_"at“’” ot oAl odnl and hentége wahres were largely maintained, with medifications limited to certain sections for aesthetic character. Renovations are carried out for modernization, leading to a loss of
+ p rese Watio n : Wha‘t_ 5t_rateg|e5 _are e ;?Igce to_ensure i fadap_twe change: 0 | or functional enhancements. All columns within the structure were retained, sensitively, blending modern functionality with |  the building's original character and
e bR resrain venkitive ot outtisal and Hstadcal corfexts undergoing refurbishment to align with modern standards. The majority of the historical aesthetics. historical significance.
alterations were focused on updating the building's services and spatial layout to
meet contemporary requirements, ensuring both the preservation of its historical
integrity and the adaptation to current functional needs.
Currently, the building no longer serves as a library, with plans underway to repurpose |An adaptable building features spaces that can |an adaptable building fails to offer
its function. However, the extensive renovations and refurbishments carried out in easily transform to serve multiple purposes, genuine multifunctionality, with spaces
Do you think this building has th potential to change the function over |2011 and 2012 have enhanced its adaptability. Featuring an open space plan and a catering to a wide range of activities and user |being rigid, difficult to reconfigure, and
time? robust structural framework, the building is well-suited to accommodate a variety of [needs. The design includes modular elements |limited in their use.
4 M u [t]fu nct | ona | |ty If yes,What design strategies are employed to ensure that the other uses. This versatility stems from the strategic updates made in the past decade, (and smart systems that allow for quick and
adaptable building which have not only preserved the building's integrity but also expanded its potential |efficient reconfiguration. Such buildings
can effectively serve multiple purpases over its lifecycle? for diverse applications in the future. effectively balance functionality, comfort, and
aesthetics, making them highly efficient and
user-friendly.
The expansion of the building, either vertically or horizontally, is constrained due to An adaptable building is designed with the An adaptable building lacks any real
. . ) ) several factors. Its status as an older structure poses limitations on vertical additions, |potential for easy expansion, both vertically potential for expansion, with a rigid
5 Expa n da ble Site How |5_the building 5 ?Itidemgned to accommodate possible future ensuring the preservation of its original architectural integrity. Similarly, horizontal and horizontally, to accommodate future structure that cannot be easily modified
expansion or downsizing? expansion is not feasible, given the surrounding urban landscape, which includes growth or changing requirements. or extended.
adjacent streets and buildings.
B = | d : C d d Adaptable buildings are designed and modified :::ﬁ:el:yb:iltt:rzri‘si?:gtz;?;ﬁnﬂ? S
v utding Lodes an What types of building codes and regulations are applicable to some regulations in 2011 and 2012 were followed. (the detail were not reminded to  |in strict adherence to current building codes | _ .o o Rt Sty
. modifications in adaptable buildings? inteniewee and standards, ensuring safety, accessibility, i : )
Regula‘uons i e accessibility, and environmental
and environmental sustainability.
performance.
What energy modelling software or tools were used to design and Energy medeling is extensively utilized in Energy modeling is either owverlooked or
7 analyze the building's energy efficiency? adaptable buildings, guiding design and inadequately used in the design and
— operational decisions to maximize energy operation of adaptable buildings. This
Energy m Od E'Hng For this building, no form of energy analysis was conducted. efﬁciency_and susta'_inabili_ty. TI"II'S- proactive . nc_eglect resultrf. in inefficient energy use,
How does the building's energy performance compare to industry approach involves simulating various scenarios |higher operational costs, and a larger
8 standards or benchmarks for similar adaptable structures? to optimize building performance, leading to | carbon footprint.
reduced energy consumption and lower
environmental impact.
1. Do you have a Building Management System [BMS) installed in Adaptable buildings are equipped with Adaptable buildings lack effective
R - T I d your adaptable building? The building lacks any remote control systems for its services or structural elements. |advanced remote control systems that manage |remote control systems, leading to
- €mote control an 2. Is your building’s lighting system remotely controllable? All lighting systems are manually operated, and there are no remotely controlled various building functions like lighting, manual management of essential
a Utomatio n 3. Does your adaptable building feature automated HVAC controls? shading devices. However, it is equipped with an HVAC system, which, to some extent, |temperature, and security efficiently. functions like lighting and HVAC, which is
4.1s your building equipped with remote-controlled smart windows or |may have remote control capabilities, although this detail is not precisely recalled. less efficient and more time-consuming
shades?
The majority of the lighting fixtures and their placements have been retained from the | Adaptable buildings are designed to maximize |An adaptable building fails to effectively
building's previous incarnation as a library, where the lighting design was specifically |daylight harvesting, using strategically placed |utilize daylight, resulting in reliance on
" Da “ ht[n How do the occupants perceive the visual comfort provided by the te;clnrgd for tha; p;rp;)s:;c_i-bwever, mi{;nnjtll:;alysis \:;'_as t;_or;df:cted o_nfthe_ windows, reflective surfaces, and skylights. artificial Ii_ghting and increased energy
y g g daylight harvesting system (e.g., light levels, glare control)? 2 ectweness_n this lighting setup, an _ee_ regarding lighting satisfaction was consumption.
net systematically gathered from the building's occupants.
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Educating ‘change agents’

SHORT MASTER’S PROGRAM IN (BIM)

DESS
IN BIM & DIGITAL INNOVATIONS




Thank you !

ivanka.iordanova@etsmtl.ca
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