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L’ économie circulaire — les schémas

TRANSFORMATION DISTRIBUTION

SURCONSOMMATION GASPILLAGE, POLLUTION ET DECHETS
DE RESSOURCES

Source: Recyc-Québec



Feuille de route gouvernementale
en économie circulaire 2024-2028

da: 6% of ol £ De la Feuille de route:
Canada: 6% of materials come from Secteurs priorisés — avec le plus grand potentiel de contribuer a I'EC

recycled sources,
3/4 of materials used are wasted

Québec: taux de circularité BIOALIMENTAIRE
(Récyc Québec)

' OBJECTIF 8 — ALLONGER LA DUREE DE VIE DES MATERIAUX ET
% DES INFRASTRUCTURES
3r5 ? L'un des freins majeurs a cette étape est 'augmentation potentielle des coiits

induits par l'instauration de nouveaux processus de maintenance des matériaux et

des infrastructures. Remettre en état des composantes plutot que les remplacer exige des

interventions plus frequentes. Les changements de pratiques de gestion et de maintenance gui

.. e s en résultent sont des freins. Toutefois, allonger la durée de vie des matériaux et des infrastructures

Ambition: 9,8% d’ici 2030 présente des avantages économigues non négligeables. L utilisation de matériaux de construction

(réduction de 50% des ressources) usages peut permettre des économies substantielles (acier, bois, fenétres, portes, etc.), en plus
de reduire I'empreinte environnementale des projets.

Pays Bas —24,5%

ELCOLE D

TECNDLOGE G H | D D BRI UE FECHERCHE https://cdn-contenu.quebec.ca/cdn-contenu/adm/min/environnement/publications-

SUFERIELIRE EH|H1E|ER.l'IEN ET ['E_!_EI.IJPFEHEH' SUFAELE
i BRI B adm/developpement-durable/strategie-gouvernementale/feuille-route-economie-circulaire_01.pdf



https://cdn-contenu.quebec.ca/cdn-contenu/adm/min/environnement/publications-adm/developpement-durable/strategie-gouvernementale/feuille-route-economie-circulaire_01.pdf

Strategies de [’économie circulaire

CIRCULARITE
CROISSANTE

ECONOMIE LINEAIRE

produits

parties

matériaux

Source: Potting et al., 2017



Renovation vs rétrofit des batiments
(renovation vs refurbishment vs retrofit)

Rénovation = processus a remettre quelque chose en bon état. terminology for building alterations:
renovation, retrofit, renewal,
Rétrofit = fournir a quelque chose un composant ou une fonctionnalité qui n'a pas refurbishment, restoration and
été installé lors de la fabrication ou ajouter quelque chose qu'il n'avait pas lors de sa revitalization (CSA)
construction initiale. conversion, rehabilitate, repurpose

Retrofit - the upgrading of a building to enable it to respond to the imperative of
climate change. Retrofit may involve repair, renovation, refurbishment and/or
restoration of the building, providing the aim is to mitigate against climate change

and ensure the building is well adapted for our changing climate. refection; reutilisation

adaptative; adaptation;

Refurbishment (remise a neuf) = processus d'amélioration par le nettoyage, la requalification;
décoration et le rééquipement. conversion

Adaptabilité = |a facilité avec laquelle les batiments peuvent étre physiquement
modifiés, déconstruits, rénovés, reconfigurés ou réaffectés pour s'adapter aux
nouveaux besoins des occupants, de la société et de I'environnement avec un
minimum de perturbations pour retarder la fin du cycle de vie du batiment.

FLGLE OF
TICHHOLOGIL a L i
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Processus de renovation
d’un batiment

Natural Language Processing:
"Please convert my existing office
plan into a residential plan,
including two bedrooms and one
bathroom."



Cycle de vie d’un batiment et les stratégies de rétrofit

S

Circular Design Strategies — ﬁ
Design for Disassembly
Design for Future Versatility Dezeagn Construction

Matenals
ama Manufacture

Deconstruction
Closing The Loop Strategies b et
Deconstruction
Circular Products - S

\/

Materials Reuse and Upcycling

Ressources:

Operation &
Maintenance

Renowation

K

Canada: Model national retrofit code — sera publié vers 2030

Québec circulaire,

Circular Construction Practices

Zero Waste on Site

Sustainable Materials Management
Pre-fabrication / Modular

Lean Project Delivery

Bullding Life Extension Strategies
Innovative Leasing
Upgrades and Renewals
Maintenance

Additions and Expansions
Conversions
Building Relocation

Centre for Intersectoral Studies and Research in Circular Economy (CERIEC)

BC’s retrofit code — 2025; Vancouver

The Circular Built Environment in Canada: A Review of the Current State, Gaps and Opportunities (csagroup.org)
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https://www.csagroup.org/wp-content/uploads/CSA-Group-Research-The-Circular-Built-Environment-in-Canada-A-Review-of-the-Current-State-Gaps-and-Opportunities.pdf

Standards et normes

€22.2 NO. 236-15 Heating and cooling equipment

CSA A440:22 North American Fermsiration
Sardard/Specitcations for windows, doors and

CSA A277-16 Procedurs lor Cerntifcation of Prafabecaled

Bulkdings, Moduies, and Pancis

CSA 2240 MH Sedes-16 Manufactured Homes

CSAAB60-10 (R2019) Cersfication ol Manulacturers of Steel

Bulding Systerrs |
CSA Z2s021 Process for delvery of volumetric modulas

buldings

B8ES 8001, Aesponsitie Sourcng of Constnuction Products

1EC 63052, Photovotaics in buldings

CANICSAIS0 14025:07 Emvirtonmental labeis and declaratons
— Type M erwronmentsl declaratons

IS0 22057 2022, Sustainabilty n bulidngs and chil engingarning
works ~ Data templates for e use of emvrorrmental procuct
declamtions (EPDs) lor consiruction prockacts in bulksing
informasion modeling (BIMV)

ISQUCD 58040 Circulsr Economy — Product Circulanty Datas
Shoet

Materials

ASHRAE 186.3: Intormasional Green Construction Code
ISOMC 323 Gireular Economy

15C/WD 58020 Choutar Economy ~ Measuring chowsarity
ramework

1SQ/CO 55004 Clrcular Economy- Terminciogy, Principles and
Guidanocs for Implementation

1SOCO 58010 Circular Economy - Guidance on the transition
of business models and value networks

ISOICO 55014 Secondary materiais — Principles, sustanabisty
and tracesbidty requiremeants

ISQ/WD 58020 Circsdar Economy - Measuning cirmusanty
frameawurk

Construction
Sub-system

National Bullding Code of Canada
National Master

CSA 08618, Design in Wood

CSA 51619, Design of Seel Srucheres

CSA A23.3:19, Desgn of Concrete Structures

CSA S265.1 (2016), Falsework and Formwork

CSA 530414 Design o Mascory Structures

ASHRAE 90.1-2022, Energy Standiard for Stes and Buidings
Except Low-Rise Residential

CSA SPE-17:22 WVAC Guide o Part 0 Homes
CSAF326-M31 Residential Mechanical Ventiation Systems
CSA CH7S SERIES: 15 (R2020), Bullkding energy estmation

mathodology

ANSUASHRAE Standard 228, Standard Method of Evaluating
Za=0 Nut Enargy and Zaro Net Carbon Bullding Periarmance
CANCSAHSO 1404008 (R2021), Environmertal managemen -
Lile cycie assassment — Prindples and ramework
CANCSAASO 1404408 (R2021), Environmental managemant -
Lite cycie assassmant - Requinemaents and guidelines

EPA Framework for the Assessment of Emvironmental
Parformancs Standards and Ecolabes 1or Federal Purchasng
150 21231-1:2022 Sustainabilty in bukings and vl engineenng
works — Framework for methods of asssssment of P
environmantal, social and econamic porformance of construction
works b5 & bamis 1of sustsnabilty assessenect

IS0 140302019, Adaplation % cimate change - Princigies,
regarerments and guideines

150 153322019, Sustainabiity in buildngs and chvit enginearing
works

IS0 15685, Bulldngs and construciad assams — Sarvice e
plannrg

CSA Z762-95 (R2018), Design for tha Erwlonmant (DFE)

BS EN 1SO 18650, Organization and digitization of inlormabion
about bulicings and ciil enginearing warks, including buidng
Indormation madeling (8iM) ~ Indormation management usng

Operation &
Maintenance
Sub-system

SPE-820-15 A Guideine for acoountable
managemert of ond-ol-He matonaks

builging ndormaton modeling
IS0 20857 2020, Sustaimabity n bulldngs and civil engineering
works — Desgn for disssssnbly and sdaptabity - Principes,

Salvage &
Reprocessing

Sub-system

CEA 278208, Guidetine Y Design for Disassambly and

Aduaptabiity in Buldinga
CSA Z783-12 -~ Daconstruction of buddings and thair relaled
parts

Legend
——— Standards in common use in Canada
“ Standards in development or ¥mited use in Canada
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The Circular Built Environment in Canada: A Review of the

Current State, Gaps and Opportunities (csagroup.org)

requrements and guidance

IS0 21923-1:2011 Sustanabilly in bulkiing consinction —
Sustanabiity indicators

IS0 218302017, Sustaimabeity n» buildngs and ol engineering
woeks - Core ndes 1or environmental prodiuct deciarations of
consiruction products and sernvices

IS0 10845, Construction procuramant

Zeco Carbon Buliding Stsndards

CSA Z5001-2020 Existng buikding commissioning 1o ansegy

| using systems

ASTM WKEZ90S Guide tor Propeny Resllence Assessrwcd
CSA 5478:19, Duradliey in Bulldngs

150 16745-1/2:2017 Sustainabifty in buldrgs and awl
enginoering works ~ Carbon metric of an oxsting buking
during use slage

IS0 550002014, Assot managemant - Ovarview, principies and
terminology

IS0 50001 2018, Energy Managemant

PAS 2080:2016, Carbon management in infrastructure

R U g [ P P -


https://www.csagroup.org/wp-content/uploads/CSA-Group-Research-The-Circular-Built-Environment-in-Canada-A-Review-of-the-Current-State-Gaps-and-Opportunities.pdf
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Processus de rénovation

=

d’un batiment

Pre-design phase

Choose criteria and sub-criteria

\)

Define measures

Value based

Based on
assessment methods

User-survey

- Registration

Existing databases

Source: Nielsen et al., 2016

. Merations

J

Estimate perfformance

J

E. ................. -} &mml&dmnanﬁm“ rawr R

Evaluate alternatives e

k4

Choose design alternative

W
Detailed project design
k
Construction

W
Operation

Demolition

\

Renovation

Changed use

GRIDD
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Potentiel d’utilisation de méethodes formelles

numeriques d’aide a la decision par phase de projet

Goal Setting

« Define abjectives

* Choose sustainability
criteria, sub-criteria and
measyuras

» Dialogue among stake-
holders

Primary actors:
Building owner, stake-
holders (e.g. users),
advisors

Criteria
Weighting

* Determine relative
importance of criteria

Primary actors:
Building owner and
advisors

Building
Diagnosis

« Conduct registration of
existing building and site

« Collect other data on
existing building

» Conduct user surveys
or other kind of user
involvement

Primary actors:
Advisors and building
OWner

Design
Alternatives
Generation

» Generate design
alternatives

* Determine renovation
actions

Primary actors:
Advisors

Performance
Estimation

« Perform simluations
and calculations

Frimary actors:
Advisors

Design
Alternatives
Evaluation

* Evaluate design
alternatives against
sustainability criteria

+ Perform qualitative and
quaniitative evaluations
depending on cnteria

Primary actors:
Advizors and
building owner

Source: Nielsen et al., 2016

SR L iR
L STECRE TR L1 DEVELOPPSENT (REABLE
TR TP ATI



Sélection et priorisation
des criteres d’evaluation




RENO-Evalue (tableau partiel des criteres)

RENO-EVALUE description of Sorgenfrivang IL

Category Parameter Factors Preconditions

Stakeholders
Economy

Environment, Organization, and

Stakeholders Product

Architecture and aesthetics
Function and usability

Indoor climate and comfort

Durability/future securing

« Important to keep the architectural expression

« Larger balconies (50 %) and lifis

« New kitchens and bathrooms

« Class covering of stairwells.

e Less draught/cold bridges

« Improved temperature regulation

« More daylight/improved outlook

« Mechanical ventilation

« New facades and installations with long lifetime { min. 30 years)
« Comply with current energy requirements

Process Collaboration between partners « Based on traditional principles
Mutual information « Follows traditional principles
Involvement of users « Workshops in 3 groups on different topics
« Tenants meeting with voting
Considerations for users during « Tenants can stay during renovation
construction
Environment Resources Energy consumption » Expected reduction from 899 KWh/m?/vear to 30.6 kWh/m? /year — up to 66 % in
average
« Energy label improvement from D to A
= Greatest effect by repladng windows (38 %) and glass covering of stairwells (22 %)
Renewable energy production » 900 m” photo voltaic cells on roofs
« Expected effect: 135000 kWh/year
Water consumption « Rain water collection on low buildings
Reuse of water « Rain water for laundry
Reuse of building materials « Not known
Amount of waste « No changes — waste suction system was installed in 2002.
Reuse of waste = No changes
Climate COs emission e C0Oy reduction not estimated.

+ C0O; neutral laundry.

Renewable energy production (photo voltaic cells on roof))
« Reuse of rain water
« Energy saving lighting in common areas

ECOLE DE

= TECHHOLOGIE BROUFE DE RECHERCHE
SURERIELIRE EH INTEQRATICN ET DEVELOPPEMENT SURAELE
ERRY v 2 D EH EMIRI HMEVENT BATI

Source: Jensen & Maslesa,2015
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Pre-design:
Releveé et caractérisation
de [’existant




Scan-to-BIM workflow

- - A - -
Diagnostique du batiment e
PHOTOGRAMMETRY 3D LASER SCANNING GPS PHOTOS
PROCESSING ALIGNMENT GEO REFERENCE
Building
Diagnosis POINT CLOUD PHOTOGRAMMETRY POINT CLOUD LASER SCANNING
+ Conduct registration of » Balayage au laser 3D (terrestre, mobile...) SELECTION CLEANING
existing building and site
okt o a0 * Photogrammeétrie (drone) OPTIMIZED POINT CLOUD
axisting building .
* Photos (avec reconnaissance de l
= Conduct user surveys ;e .
or other kind of user caractéristiques par IA)
involvemnent
. , BIM MODELING WORKFLOW
* GPS (connaissant les années de
construction et les caractéristiques d’une [ Walls, Floors, Slabs,
région, infrastructures, etc.) STANDARD MODELING ez g
Primary actors: Framing, Curtain Walls
Advisors and building = 4
owner L e
g
Doors, Windows, 'i
FAMILY CREATION Columns, Classic HBIM MODEL :
Details, Gutters g
AUTOMATIC MODELING Topography

TECHHOLOGIE BROUFE DE RECHERCHE
SUFERIELIRE EH INTEQRATICN ET DEVELOPPEMENT SURAELE bee
Uil 2a Duise EH EMIRI HMEVENT BATI

Source: Rocha et al., 2020
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HBIM — Historic, Heritage -BIM

Balayage au laser 3D +
Photogrammeétrie +
Modele BIM

STFOUTIRTTRTRT S TETL 05 -
o) Pwrnm el (8 (0] L8 IRaS

Front Elevation Rear Elevation

—29.99995
24.54545
19.09095
13.63640
8.18180

~2.72740
-2.72710
-8.18160
-13.63610
-19.09060
-24 54515
-29.99965

Analyze face deviations.
Distance from Face

0.00000

Left Elevation

ECOLE DE

= TLCHHOLOGIE BROUFE DE RECHERCHE
SUFERIELIRE EH INTEQRATICN ET DEVELOPPEMENT SURAELE
SR v 2 Dt EH EMIRI HMEVENT BATI

Source: Rocha et al, 2020

APL Face Deviation Style (Millimeters)



Caméra thermique

Aide a:

e Visualiser les pertes d'énergie

e Détecter l'isolation manquante ou défectueuse

e Les fuites d'air a la source

e Trouver I'humidité dans l'isolation, dans les toits et les
murs, tant dans la structure interne qu'externe

e Détecter les moisissures et les mauvais zones isolées
e Localiser les ponts thermiques

e Localiser les infiltrations d'eau dans les toits plats

e Détecter les breches dans les conduites d'eau chaude
e Détecter les défauts de construction

e Trouver les défauts dans les conduites d'alimentation
et de chauffage urbain

e Détecter les défauts électriques

ECOLE DE

= TLCHHOLOGIE BROUFE DE RECHERCHE
SUFERIELIRE EH INTEQRATICN ET DEVELOPPEMENT SURAELE
ERRY \vvena 2 Dt EH EMIRI HMEVENT BATI

This building is warmer on the inside_ It is & sandwich construction, concrete - insulstion -
concrete. One section of insulstion is missing which is not possible to see visualy either
from the inside or the outside. Here thermal imaging can see what the human eye can't

Framework construction. Many of the saci
by the warmer colors.

Moisture intrusion in fioor, impossible to see with the human eye, but clearly visible
on the thermal image

Glass roof above an atrium. It is watartight, but not air tight. Warm air escapes
because of the over presswe. The salution is to air tighten the glass roof.

www.flirmedia.com/MMC/THG/Brochures/T820325/T820325 EN.pdf



http://www.flirmedia.com/MMC/THG/Brochures/T820325/T820325_EN.pdf
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Mesure du potentiel d un batiment existant pour

une reutilisation

Types de mesures:

- Discretes

- Subjectives, intangibles

- Quantitatives,
objectivement mesurables

ECO

ﬁcHLIb:lgltJ:l:ll: BROUFE DE RECHERCHE

SUFERIELIRE EH INTEQRATICN ET DEVELOPPEMENT SURAELE
vl 2a Dt EH EMVIROHNEVENT BATI

«Standard of finish
*Fire protection
sindoor anvirenmental

O ccupational health

*Security
sComfort
*Disabliity access
*Energy raung
sAcoustics

sAdjacent busldings
*Ecological foorpeint
sconsenvation
*Commumity interest
=Urban masterplan
sZoning

=Qwnership

auality

and safety

*Image
*Assthetics
sLandscaps
*Histary
*Amenity
*Human scale
sNeighbouhood

Source: Conejos et al., 2014

sStructural integrity
*liatenal durability
N orkmanship
*Mantainability
*Design complexity
*Prevalling dimate
*Foundadion

Design
Criteria

adaptSTAR Model

*Popudation dencity
*IMarket prosimity
STransport infrastrucnr
“Site access

sExposre

*Planming constraints
*Plot size

*Flexbslity
=Compatmentalisation
*Dizassembly

Spatial flow

*Corwvertibilty

*Atna

*Structural Gnd

«Service dudts and comdors
‘Tenancies

*Oriemation

*Glazing

*lrnsud stion and shading

* Natursl lighting

*Natural vertilation

*Bulding management systems
=Solar access

*Com plexity
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Conception :
genérer des alternatives,
simuler la performance,
evaluer les alternatives




Simuler et comparer les alternatives

Results from the evaluation of measures for the case study building, domestic electricity not included. All square meters refer to Heated Floor Area (HFA) of the building.

Energy Emissions Costs Investment
Reduction in Greenhouse gas emissions Energy  Maintenance Total Positivecash Pay-back Investment per
Performance ENETgY use Material production  Mtrl. prod. + Operation energy flow time CNErgy saving
Estimation - - - - -
kWh/m?yr % kgCOze/m? yr kgCO2e/m?yr €/miyr €/m?yr £ Year Year £/kWh
« Perform simiuations Measure 1 46.5 258 040 —0.20 —2.44 0.20 31,973 11 20 0.04
and calculatons Measure 2 15.7 8.7 030 -0.22 -0.86 0.00
Measure 3 11.6 64 047 0.09 —-0.64 0.00  wwh/mEHEALYr 1. I T vey—
Measure 4 19.4 10.8 0.09 —0.55 —1.07 0.00 &0
Measure 5 99 55 030 —0.02 —-0.54 0.00
Measure 6 8.6 48 0.06 —0.22 —0.47 0.00 -
Measure 7 1.4 0.8 0.01 —0.03 -0.08 0.00 1
Measure 8 12.5 69 0.14 —-0.28 —-0.69 0.00
Measure 9 23 1.3 083 0.05 —0.22 0.00 40 4
Final perf. 62.2 655 26 114 4.3 0.2
Start. point  180.1 - - 12,5 10.6 - a0 4
Measure 1: Installation of mechanical exhaust and supply air ventilation with central air handling unit wit/
Primary actors: Measure 2: Installation of waste water heat excha_];lger and installation of low flow fixtures in kitchen and | 20 4
Advisors Measure 3: Change of windows, U-value 1.1 W/m~, K (measure 11 in Table 11).

Measure 4: Additional insulation on outside of exterior wall, 200 mm XPS board (measure 4 in Table 3).

Measure 5: Additional insulation of basement floor between supporting walls, 200 m XPS board (measure ol
Measure 6: Additional insulation of attic, 400 mm loose mineral wool (measure 9 in Table 3).
Measure 7: Additional insulation on outer side of basement walls below ground, 70 mm XPS boards (meas 0 -
Measure 8: Installation of solar collector system, 20 m” (measure 20 in Table 3). o ﬁf' q.uﬁ* igs* Qb"f QPG“‘ bq5:“ &ﬁ g & &
Measure 9: Installation of PV-cell system, 15 m* (measure 21 in Table 3). d;:? f& dpq.‘“' A {:&-c-‘t‘ ﬁ:ﬁ T,g,*ﬂ & ‘,géf

] ‘ & e ‘3"6 ;ﬁﬁ# ¢

Fig. 5. Calculated energy loss for different parts of the building, before and after im-

ﬁ‘U'L':*.g.:““" ol it it R rovements; diagram presented in the BECEREN tool.
— G H | D D e Source: Olsson et al., 2016 P Agram P




Design
Alternatives
Evaluation

* Evaluate design
alternatives against
sustainability critena

» Parform qualitative and
quantitative evaluations
depending on criteria

ECOLE DE
el TrCHHOLOGIE
SUFERIELIRE

Unrvenial 23 Dudee

Evaluation multicritére:
Colt vs performance énergetique

Global
Cust§
(€/m’)

Limit of
cost-¢ffectiveness

Global costs of
cost optimal renovation

M

Reference scenario (global costs
and energy performeamce of the
building without improvement of
its energy performeamnce)

GRIDD

BROUFE DE RECHERCHE
EH INTEQRATICN ET DEVELOPPEMENT SURAELE
EH EMIRI HMEVENT BATI

I Primary Energy
Energy performeance level of cost (kWh/m™y)

aptimal renovation sce hario

Source: Almeida & Ferreira, 2017

e i mian S G FTPTaVIng FRETEY (R
* ! rediacing Fled costs

R DOAymion sCemmias INEra g emerey per Ied
S bevend cost oprines mﬂ:@ t:::.f.r?géﬁgrn'e

25 RenaVaion scemaTiz e inproving enerEy perinmmice

fuit mot coxt effFcine



BIM et Conception intégree

* Prendre des décisions informées

Am;.. * Explorer des alternatives
Evaluation o . - ’
* Optimiser utilisant des algorithmes, ou de I'lA

* Evaluate design

alternatives against
stainability critena

* v Total carbon from buildings = 2050

*e e, T
LB o
' i Electricity !

» Parform qualitative and
quantitative evaluations =
depending on criteria .0

49% |
51%

| Logistics

Fue

;
4 MFG

Embodied Carbon Operational Carbon

Manufacture, transport and Building energy consumption
installation of construction materials

B ECOLE DE

= TLOHHOLOGIE BROUFE OE FECHERCHE
SUFERIELIRE EH INTEQRATICM ET DEWELOFFEMENT BURAELE
- R Gl ” D D EH BRI B Source: Autodesk University, 2020
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La conception en vue d 'un
batiment adaptable

...ou reversible?

Buildings As Material Banks (BAMB) - EU :
“spatial reversibility” aims to extend the life of the building
by facilitating changes in future use and function;
“technical reversibility” aims to dismantle and reuse
elements, components and materials.



Stratégie principale: Building Layers (shearing layers)

* Les ‘couches’ offrent une facon de penser le
batiment qui relie le temps et la forme
matérielle du batiment, en concevant les
composants comme differentes «couches» de
longévité.

Stratégie de conception:
« Séparation des systemes selon leur longévité
e Connexions ‘s¢ches’
« Construction modulaire
« IBS (Industrialized Building Systems)
e Structural decomposition ‘Super Skeleton &
Intelligent Infill’
» Open Building concept
» Systemic multilevel grids
» Open engineering systems

25

Based on Steward Brand 6S model, How Buildings Learn

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

6 building layers

skin I o E . B
structure N S S
services Em e e s

space plan I

stuff =

Site
(I R D D e

0 5 10 20 40 80 160 320



Les prérequis — numérisation + industrialisation

Bénéfices de la numérisation
(entre autres)

* Coordination precise (BIM)
e Simulation de I'adaptabilité

 DfMA — DfMAd
(Design for Manufacturing & Adaptability)

e Suivi de l'information pendant le cycle de
vie du batiment
(Digital thread)

LLLLLLL

Bénéfices de l'industrialisation
(entre autres)

e Connexions mécaniques (seches)

Standardisation des interfaces

Modularisation

Assemblage simplifie
(Plug-and-play)




Un exemple danois

Circle House,
Lisjerg (Danemark),
3N Architects

Image : GXN

| v

* Les logements sociaux Circle
House, acheves en 2020 en
banlieue d’Aarhus, ont été
concus par 3XN Architects
pour étre un jour démontes.

Il est préevu que 90 % de
leurs composants
structuraux pourront étre
reutilisés sans perdre de
valeur.

- ﬁ:lgltnl:ll: B=S0UFE DE RECHERCHE
e SUSERIELIRE G R | D D ElIHTBJP-'J'ImET[E_I'ELI]PFDIEH'WMH.E 23
TR o 3 2 TS EH EMVISI HUEVENT BT S
printemps 2022 ESQUISSES




Changement du
modele d affaire

—

Vﬁ“}""*
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oy SUBCRIPTION
‘ CYCLES

4

BUILDING
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Batiments adaptables et
démontables —

The Urban Village
Project

https://www.effekt.dk/urbanvillage
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Gestion de projet, logistique

* BIM - coordination multidisciplinaire avec le nuage de points
* BIM-4D - logistique, déplacements, chemin d’acces, sécurité, évacuation...

* Jumeau numérique — capteurs de mouvement, de pollution, de déversement...

* Un exemple: Réaménagement de 1’aéroport Pierre Elliott- |~

EXISTANT

AVEC ENCEINTES DE CHANTIER — FEVRIER-AQUT 2016

NIVEAU 2 NIVEAU 2
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Connexion de [’existant avec le nouveau

* Planification conjointe — déplacements, fonctions, déconstruction, construction

* Balayage au laser 3D — arrimé avec le BIM du nouveau batiment

VA7~ ALm4D TS =3

 Dégarnissage
Démolition intenieure

| : ‘4“/ = ! Demolition inféreura | risque élevé
L ECAL

BROUFE OE FECHERCHE
G Hl D D EN INTEQRATIC® ET DEWELOPPEMENT BURAELE

EH EANIROHMEVENT BATI




Rénover [’existant utilisant - -
des panneaux prefabrigues T

3 ON-SITEINSTALLATION _‘,_ " , ﬂ g ':‘-.:
@'ﬂg g
= R %o ?

“-..__Platforms

1 DATA FLOW

EH INTEQRATICM ET DEFELOPPEMENT SURA ELE

G R | D D S it Source: Iturralde et al 2023




Renover [’existant utilisant des panneaux préfabriqués
- Interfaces: fabrication additive

CreatealfC Work in RencBIM Create alfFC Create aCAM

Data acquisition Processthedata Create aBiM

Existing
building

part2

interface | LK

partl

2D
module
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Source: Iturralde et al 2023-2



HBIM pipeline — pour la phase construction; TQC

v J
New Repair =52
- l Se=- — e s o > bR R
Repair , Update Repair ), ted Repair
History DB History DB Histey DB |
" Integrated | 7 Integrated " e
HEIM Model HEIM Model i
: : Data Updated
Repair : . Repair —i —
History Data History Data Synchronization HEIM Model
New o
BIM Model = Parameters ™ BIM Model
TES[ E ﬂiﬁﬁ%mmu?ﬁiﬁm:p For )
new repair information
Update Shared

Existing Shared — —+ Updated Shared —=  Execute API
Parameter Parameter Parameter o
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Source: Park et al 2024
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Opération —
pérenniser [ existant




HBIM — pour la phase opération et maintenance

Repair History Database Application

1y

- ¥
Basic Information

Damage Analysis
Material Information T—1 o
- Repair Mainte Pl
(primary, subsidiary, finish) i ainiEnance Han
HBIM . . T2 Re ¢ Pla
Model Repair History Component Replacement Plan
Transformation & Modification . itoring Plan
(T&M) History - —
Additional Element o P Hon Plan
Infarmation -

Primary Auxiliary

ttttttt
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Outils technologiques... et inspection
physique

Le BIM permet bien sir de prévoir le
maintien d’actifs au moment de la
conception.

L’utilisation du BIM devrait se répande
aupres des gestionnaires dimmeubles
responsables du maintien des actifs

Plateformes possibles:
VFA (Gordian), Maximo (IBM)

LES OUTILS DE SURVEILLANCE

Analyse du cycle de vie
Audit technique

Carnet de santé (ou bilan de santé)
Déficit de maintien
Déficit fonctionnel

Source: Esquisses, été 2023



Beaux exemples montrealais!

Sid Lee Biosquare,
Place Ville Marie

Source: Esquisses hiver 2022-2023

Requalification de fa Tour de Montréal,
Provencher_Ro
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Déconstruction




Deéconstruction du Pont Champlain —
planification, logistique, quantification, suivi

POMERLEAU ojects xpertise Who We Are ( S ore H&S Week Q, | Findajob

DECONSTRUCTION DE LA PILE (PILEE-14W)

ENLEVEMENT ET DECONSTRUCTION DE LA TRAVEE 9W-8W (TRAVEE-08W-09W)
INSTALLATION DES SUPPORTS TEMPORAIRES SOUS L10 (PONT.SUPP.NORD.L10)
DECONSTRUCTION DE LA SEMELLE (INCLUANT CHEMISAGE) (SEMELLE-24W)
DECONSTRUCTION DE LA STRUCTURE METALLIQUE (TRAVEE-01W-02W ST1)

ELCOLE D
B TECHHOLOGIE
SURERIELIRE

- BR0UFE DE RECHERCHE
. . EH INTEQRATICN ET DEVELOPPEMENT SURAELE
EH EMIRI HMEVENT BATI

https://pomerleau.ca/en/innovative-solutions
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En guise de conclusion

Notre sociéeté (et [’industrie) est en train de re:

Changement de perspective : $$$ vs w

Chacun a un role a jouer et a collaborer
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