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B SUSTAINABILITY AT THE STRUCTURAL SCALE

. S -"é IMPACT ENVIRONNEMENTAL
Rl ‘.% INSTALLATION D'ARBRES SUR LES BALCONS

TOUR DES CEDRES
1008 CHAVANNES-PRES-RENENS

AUTEUR JULIEN PATHE
VERSION / REF 9 AOUT 2023/22.63
CONTACT julien.pathe@2401.ch /021 51029 09

Société coopérative 2401 - Avenue des Alpes 50 - 1820 Montreux - contact@2401

« En prenant en compte les éléments analysés de la structure
porteuse, l'installation d’arbres sur les balcons représente une
augmentation ... de 65.9 % I'’émission de gaz a effet de serre
dues en comparaison d’une variante sans arbres. »

« En effet, les promoteurs du projet mettent en avant les
vertus environnementales de I'installation de 80 arbres et

[L]a compensation des émissions de CO, sur un horizon
temporel de 60 ans nécessiterait de planter environ
20'000 arbres au moment de la construction. »

3'000 m? d’arbustes sur le projet de la Tour des Cédres ...

401.¢h - Construire durabie ensemb!

Julien Pathé — Societé cooperative 2401
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B SUSTAINABILITY AT THE STRUCTURAL SCALE

’ S -"j IMPACT ENVIRONNEMENTAL
'-".8 INSTALLATION D'ARBRES SUR LES BALCONS

“Taking into account the analyzed elements of the load-bearing
structure, the installation of trees on the balconies represents
an increase... of 65.9% in greenhouse gas emissions
compared to a variant without trees.”

TOUR DES CEDRES
1008 CHAVANNES-PRES-RENENS

“Indeed, the project’s promoters highlight the
environmental virtues of installing 80 trees and 3,000 m?
of shrubs on the Cedar Tower project.... To offset CO,
emissions over a 60-year time horizon would require the
planting of around 20,000 trees at the time of

- ”
construction.
AUTEUR JULIEN PATHE
VERSION / REF 9 AOUT 2023/22.63
CONTACT julien.pathe@2401.ch /021 51029 09

Société coopérative 2401 - Avenue des Alpes 50 - 1820 Montreux - contact@2401.ch - Construire durabie ensemble

Julien Pathé — Societé cooperative 2401

L

David Ruggiero



=PrL

B REVERSED CYCLIC SHEAR IN RC

Other
7%

Building
Materials and
Construction
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92.8% A1-A3 Materials  Exterior Walls - Above Grade 24.8%
UN 2020 Global Status Report for i "" el

Buildings and Construction

Floors 37.2%

Foundations 8.2% .

Exterior Walls - Parkade 3.5% [

J

= 2 Interior Walls - Structural 14.4%
[ s6%ci-caEndoflife —
[ 2.3% A4 Transportation Roof 6.2% .

— Exterior Windows 1.8% W

Embodied emissions in buildings

David Ruggiero

Ready-mix, walls & floors 42.5%

Ready-mix, structures 2.5% "

ix, Foundations 1.4% ===
Concrete 50.1%

dy-mix, high strength 1.3% ===
CMU 1% ===

Rebar 14.9%

\ Structural steel :o.s%l

\ Other steel/iron 9.5% l
N \
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-— N I

eel and other metals 41.8%
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SUSTAINABILITY CHALLENGES IN THE STRUCTURAL DESIGN

OF CONTEMPORARY HIGH-RISE BUILDINGS

Cumulative number of buildings taller than 150 m (global)

Skyscrapers in the world
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City of Toronto Archives, Fonds 1526, File 46, Item 20
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Toronto, Canada - 2022
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SUSTAINABILITY CHALLENGES IN THE STRUCTURAL DESIGN

OF CONTEMPORARY HIGH-RISE BUILDINGS

Then...

.. and now

Sora/Gehry Partners

David Ruggiero
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Nordic influence?
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Phase 1 - Complete

- Under Construction

Phase 2
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SUSTAINABILITY CHALLENGES IN THE STRUCTURAL DESIGN

OF CONTEMPORARY HIGH-RISE BUILDINGS
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Sloping columns
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Cast steel nodes
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SUSTAINABILITY CHALLENGES IN THE STRUCTURAL DESIGN

OF CONTEMPORARY HIGH-RISE BUILDINGS

Cast steel nodes
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Cast steel nodes
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Sloping columns
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Podium cantilever
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SUSTAINABILITY CHALLENGES IN THE STRUCTURAL DESIGN

OF CONTEMPORARY HIGH-RISE BUILDINGS

Transferslab
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Transfer slabs
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Increasing complexity
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Increasing complexity
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SUSTAINABILITY CHALLENGES IN THE STRUCTURAL DESIGN

OF CONTEMPORARY HIGH-RISE BUILDINGS

Increasing complexity
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SUSTAINABILITY CHALLENGES IN THE STRUCTURAL DESIGN

OF CONTEMPORARY HIGH-RISE BUILDINGS

Increasing complexity
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SUSTAINABILITY CHALLENGES IN THE STRUCTURAL DESIGN

OF CONTEMPORARY HIGH-RISE BUILDINGS

Superstructure height

Approximate embodied carbon
share of transfer beams

50 storey 7%
40 storey 7%
30 storey 7%
20 storey 5% 8%
10 storey 6% 9%
4m 6m 8m 10 m 12m

Structural bay length

Transfer beams

* Relative to gravity system (slabs + columns); no foundations
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SUSTAINABILITY CHALLENGES IN THE STRUCTURAL DESIGN

OF CONTEMPORARY HIGH-RISE BUILDINGS

Weight of Steel (kg/m®)

Matenial efficiency of tall buildings

350

300

250

200

150

100

50

10 20 30 40 50 80 70 80 90
Number Of Storeys

Helal, J., Stephan, A., and Crawford, R.H. (2018). “Beyond the “premium-for-

height” framework for designing the structural systems of tall buildings.” 2nd
International Conference of the Architectural Science Association 2018,
Melbourne, Australia. After Khan (1967).

100

Average Concrete Thickness (cm/m?)

100
90
80
70
60
50
40
30
20
10

y =0.62x

+37.2

=0.35x+22

m Horizontal elements
+ All elements

10 20 30 40 50 60
No. of Floors

Sherif, A. (2010). “Structural Design of Reinforced Concrete
Tall Buildings.” CTBUH Journal 2010 Issue 1:34-41.

70

80 90
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By Bianca Bosker
Photographs By Jeffrey Milstein

The rise and rise and rise of the supertall skyscraper
January/February 2023 Issue

HOW TALL IS TOO TALL?

The Atlantic
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ELEVATOR MECH.
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THE THIN SKIN

ENVELOPE
STRUCTURE
G200 yrs

THE HEAVY STRUCTURE
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SUSTAINABILITY CHALLENGES IN THE STRUCTURAL DESIGN

OF CONTEMPORARY HIGH-RISE BUILDINGS

[Skyscrapers] need to be designed to be never taken down, such
that their life cycle is as close to forever as you can get... No-one's
talking about when the pyramids are going to come down.

Antony Wood, President of the Council on
Tall Buildings and Urban Habitat

David Ruggiero
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Skyscraper demolition
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Informal reuse?
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SUSTAINABILITY CHALLENGES IN THE STRUCTURAL DESIGN

OF CONTEMPORARY HIGH-RISE BUILDINGS

A Promise to Future Generations

w Bl .

AII approprlate measures shall be taken to ensure that the rights of future generations are
protected and not sacrificed for the expedience and convenience of the present generation.

Oath for graduating Civil Engineering students at the University of Toronto

David Ruggiero



3 o1a166ny pineq

?

e
Thankyou!

SONIATING ISIY-HOIH AdVHJOdNILNOD 40
NOIS3A TVINLONYLS IHL NI SIONITIVHO ALITIGVYNIVLSNS




	Slide 1:  Sustainability challenges in the structural design  of contemporary  high-rise buildings
	Slide 2
	Slide 3
	Slide 4
	Slide 5: Embodied emissions in buildings
	Slide 6: Skyscrapers in the world
	Slide 7: Toronto, Canada – 1972
	Slide 8: Toronto, Canada – 2022
	Slide 9:             Then … 
	Slide 10:             Then … 
	Slide 11: Nordic influence?
	Slide 12: Case study: CIBC Square, Toronto
	Slide 13: Complex program, constrained site
	Slide 14: Phase II
	Slide 15: Phase II
	Slide 16: Sloping columns
	Slide 17: Cast steel nodes
	Slide 18: Cast steel nodes
	Slide 19: Cast steel nodes
	Slide 20: Cast steel nodes
	Slide 21: Sloping columns
	Slide 22: Sloping columns
	Slide 23: Sloping columns
	Slide 24: Sloping columns
	Slide 25: Sloping columns
	Slide 26: Podium cantilever
	Slide 27: Case study: 68-storey residential, Toronto
	Slide 28: Cross-section
	Slide 29: Floorplans
	Slide 30: Transfer slabs
	Slide 31: Transfer slabs
	Slide 32: Increasing complexity
	Slide 33: Increasing complexity
	Slide 34: Increasing complexity
	Slide 35: Increasing complexity
	Slide 36: Increasing complexity
	Slide 37: Increasing complexity
	Slide 38: Increasing complexity
	Slide 39: Increasing complexity
	Slide 40: Increasing complexity
	Slide 41: Transfer beam study
	Slide 42: Carbon cost of irregularity
	Slide 43: Gravity system embodied carbon
	Slide 44: Material efficiency of tall buildings
	Slide 45
	Slide 46: “Billionaires’ Row”
	Slide 47: Structural inequity
	Slide 48: Life-cycle
	Slide 49: Life-cycle
	Slide 50: Life-cycle
	Slide 51
	Slide 52: Skyscraper demolition
	Slide 53: Skyscraper demolition
	Slide 54: Informal reuse?
	Slide 55: A Promise to Future Generations
	Slide 56: Thank you!  Questions?

