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About me

= Ph.D. from University of Toronto: “The Behaviour of Reinforced
Concrete Subjected to Reversed Cyclic Shear”

= Postdoctoral studies in seismic engineering at the Institute for Advanced

Studies of Pavia, Italy

= 5 years as structural engineer at
Read Jones Christoffersen (RJC)
Toronto

= Associate Member of Canadian
Standards Association CSA A23.3
Technical Committee on Design of
Concrete Structures

= Chair of Joint Committee on the
GLOBE Consensus
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Concrete Behaviour and Structural Design
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Carbon impacts of concrete

CHEMICAL
REACTION
co,
FOSSIL
1,400-2,000° C S
co,
INGREDIENTS:
LIMESTONE
SILICA
ALUMINA

GYPSUM

Architecture 2030
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Building
Materials and
Construction

10%

Carbon impacts of concrete

UN 2020 Global Status Report for
Buildings and Construction

Estimated Global CO,
Emissions by Sector
(2020)

Floors 37.2%

Foundations 8.2% .

Exterior Walls - Parkade 3.5% [0

Interior Walls - Structural 14.4% I

Roof 6.2% .

— Exterior Windows 1.8% =

[ a0 ca-caendofiife
-

[0 2.3% A4 Transportation

David Ruggiero

Sample Life Cycle Assessment with embodied

carbon breakdown

Ready-mix, walls & floors 42.5%

Ready-mix, structures 2.5% 01

Ready-mix, Foundations 1.4% ==
‘Concrete 50.1%

: N dy-mix, high strength 1.3% ===
CMU 19w

B Rebar 14.9%
- - y \ Structural steel 10.5%.

\
. \ Other steelfiron 9.5% I
N ‘}\ \&Jminium 6.9% l

eel and other metals 41.8%

N — Other resource subtypes 7.8% I
Other resource types 8.3%. _—
PRIOPTA
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Why concrete?

(Anthropogenic Mass |

In 2020, the amount of anthropogenic mass
exceeded the weight of all global living biomass.

As humans continue to dominate Earth, questions surrounding our material
output are increasing. We break down the composition of all human-made
materials and the rate of their production.

Global Biomass Anthropogenic Mass
The dry weight of all life on Here is everything the human
Earth is comprised of nts, population has created since
animals, bacteria, fungi, protists, 1900 to 2020
archaea, and viruses, too.

All humans make up ElYRES

of global living biomass.
Al it

hﬁ_#

Anthropogenic mass, or
human-made mass, refers to
the materials embedded withir
inanimate solid objects that
are made by humans
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Global demand for net increase in floor area

Australia and New Zealand
0.04

2015 -2030

Average projected demand in billion m? per annum

UNEP, 2016, United Nations Environment Programme, Towards zero-
emission efficient and resilient buildings, Global Status Report 2016
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Global demand for net increase in floor area

Eurasia
0.09

Western Europe
0.13

-

Japan and Korea
0.01

Australia and New Zealand
0.04

2030 - 2050

Average projected demand in billion m? per annum

UNEP, 2016, United Nations Environment Programme, Towards zero-
emission efficient and resilient buildings, Global Status Report 2016
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By one estimate, the world will add 2 trillion square feet
of buildings by 2060—the equivalent of putting up
! another New York City every month for the next 40 years.

\l
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I Bill Gates

Gates Notes, “Buildings are bad for the climate”, 2019
Photo: The:Guardian



=FFL  Toronto, Canada - 1972

City of Toronte Archives, Fonds 1526, File 46, ltem 20
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Toronto, Canada - 2022
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Cumulative number of buildings taller than 150 m (global)

Skyscraper proliferation
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Skyscrapers in Europe
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Cumulative number of buildings taller than 150 m (Europe)
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.. and now

‘Sora/Gehry. Partners
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Complex program, constrained site

Phase 2 - Under Construction

LEGEND

oFFicE sonce
ATy 8 P

EXTERMAL PUBLIC REALM

PLBLIC TRANSPORT & CRCULATION

I o comecnons

1141 BAY STREET

Phase 1 - Complete
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Tower columns
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Podium

STEEL GIRDERS

COMPOSITE TRUSSES

POST-TENSIONED SLAB

<€ 24'm >

NINAVN

€ 33m —>

24'm =

N
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Composite trusses
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Composite trusses
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Composite trusses
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Phase | complete
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Sloping columns
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Cast steel nodes
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Cast steel nodes
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Cast steel nodes
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Sloping columns
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Sloping columns

=PrL

=)
Qo
=
B
=
(]
o

141 Bay Street @ CIBC SQUARE

JTVOS TVHINLONYLS FHL 1V ALNIGYNIVLISNS &



oJaib6bny pineq

41

,_SpperMetal-

g columns

Slop

JTVOS TVHINLONYLS FHL 1V ALNIGYNIVLISNS &

=PrL



9 oJalbbny pireq

gress

Construction pro

JTVOS TVHINLONYLS FHL 1V ALNIGYNIVLISNS &

=PrL



=PrL

B SUSTAINABILITY AT THE STRUCTURAL SCALE

CIBC sQuaARre

Hines Wanhas
Cambridge
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Transferslab
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EmN Above W Below

Transfer slab
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Transferslab
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Transfer slabs
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Residential
(Rental)
Commercial
Commercial

Residential Amenity
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Rooftop Terrace
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80-storey mixed use

SHOP Architects
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Mizrahi Developménts-

1 Bloor St W
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1 Bloor St W

David Ruggiero



oJalbbny pireq

61

i e e e s s . .5

s i — o s s

1 Bloor St W

=PrL

JTVOS TVHINLONYLS FHL 1V ALNIGYNIVLISNS &



o oJaib6bny pineq

1 Bloor St W

=PrL

I
L
B8
a
2
5
0
(o)
u]
Q
=
51
fe!
o
(5!
T
s
o=
5
=
B;

JTVOS TVHINLONYLS FHL 1V ALNIGYNIVLISNS &



=PrL

B SUSTAINABILITY AT THE STRUCTURAL SCALE

Increasing complexity
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Increasing complexity
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Increasing complexity
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Increasing complexity

-

-~
ol

David Ruggiero



76

oJalbbny pireq

L)
©
c
o

(&)
O
©

=

=

exity

Increasing compl

JTVOS TVHINLONYLS FHL 1V ALNIGYNIVLISNS &

=PrL



=PrL

B SUSTAINABILITY AT THE STRUCTURAL SCALE

Increasing complexity
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Carbon cost of cantilevers

Helal, J.; Trabucco, D.; Ruggiero, D.; Miglietta, P.; Perrucci, G.
Embodied Carbon Premium for Cantilevers. Buildings 2024, 14, 871.
https://doi.org/10.3390/buildings 14040871

~50% higher embodied carbon
associated with cantilever floor area

£y
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Carbon cost of irregularity

~138 kgCO,e/m? ~154 kgCO,e/m?
(8 designs) (4 designs)
+11%

~189 kgCO,e/m?2
(1 design)
+37%

~291 kgCO,e/m?2
(1 design)
+110%

David Ruggiero
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Carbon cost of transfers

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 10m 12m

Structural bay length

* Relative to gravity system (slabs + columns); no foundations

Transfer beams

£y
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Carbon cost of long spans
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Carbon cost of vanity spires

700m —

500m —

400m —

300m —

200m

975

875

775

675

575

475

100m —

Embodied Carbon per Net Floor Area (kgCQOze/m?)

L]
~l
w

50 55 60 65 70 75 80 85
Number of Storeys

Burj Khalifa Merdeka 118 One World Zifeng Tower Bank of America : R . .
Dubai Kuala Lumpur Trade Center Nanjing Tower —tr—ith s pire —#— without s pire
New York City New York City

Helal, James, Dario Trabucco, and Dalibor Savovic. 2024. ‘Embodied Carbon Premium for Vanity Height: A Case for
the Exclusion of Decorative Spires in the Design of Tall Buildings’. Journal of Cleaner Production 456 (June):142334.
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=PFL  Carbon cost of height

100
y=0.62x+37.2
90 —
— L ]
E 20 o000 Mk
A A *ee ’
g : .
ﬁ 60 | . Il
— * u
F 50 /. o = —
8 * * * * | | //
§ 40 . ‘el - y=0.35x+ 22
g 30 :.I. - : .T
g | |
§ 20
=4 10 m Horizontal elements ]
#+ All elements
0 : : |

0 10 20 30 40 50 60 70 80 90
No. of Floors

Ali Sherif S. Rizk Director, Dar al-Handasah Shair and Partners (2010). “Structural
Design of Reinforced Concrete Tall Buildings”. In: CTBUH Journal.
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How tall is too tall?

‘The Atlantic

HOW TALL IS TOO TALL?

The rise and rise and rise of the supertall skyscraper

By Bianca Bosker
Photographs By Jeffrey Milstein

January/February 2023 Issue
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Greenwashing
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Greenwashing
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Greenwashing

AT IMPACT ENVIRONNEMENTAL

'-".64 INSTALLATION D'ARBRES SUR LES BALCONS
« 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

TOUR DES CEDRES dues en comparaison d’'une variante sans arbres. »

1008 CHAVANNES-PRES-RENENS

« En effet, les promoteurs du projet mettent en avant les
vertus environnementales de l'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. »

AUTEUR JULIEN PATHE
VERSION / REF
CONTACT ju

Socite coopiratve 2401 - Avenue cez Aipez 50 - 1820 Mentreux - cortact@2401 cn - Construire Suwrabie enzembie.

Julien Pathé — Societé cooperative 2401

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

39 years old

R E—

1899 years old
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Skyscraper demolition

Google Earth

Michael Ymngr

0
€

David Ruggiero



=PrL

B SUSTAINABILITY AT THE STRUCTURAL SCALE

Skyscraper demolition
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100

Skyscraper demolition

[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.

David Ruggiero

Antony Wood, Executive Director of the Council on Tall
Buildings and Urban Habitat (CTBUH)
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=PFL  Problems

David Ruggiero

|Inefficient structures

No plan for demolition
Lack of adaptability

B SUSTAINABILITY AT THE STRUCTURAL SCALE
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= Specify baseline requirements for life cycle assessments
= Review building setback requirements
= Establish maximum parking ratios

David Ruggiero

el s = Focus on number of units rather than height limits
= Review maximum floor plate sizes
» Prioritize projects which incorporate adaptive reuse
= Design beyond code minimums to allow for longer life span
Developers » Incorporate longer cure times in concrete elements

= Lay out suites to reduce horizontal span distances
= Reinvent the lobby/retail space to avoid double height, open lobbies

= Quantify embodied carbon

= Advocate for responsible building practices as professionals
Refine and optimize the scheme to minimize transfers

» Employ adaptive reuse rather than reconstruction

Designers

adapted from “Embodied Carbon in Residential Structures: A Toronto based case study”
RJC Engineers & BDP Quadrangle, 2023

B SUSTAINABILITY AT THE STRUCTURAL SCALE
n
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Estimating embodied carbon from bottom-up
quantities

Statistically predicting embodied carbon

Exploring or optimizing the parametric design
space

Comparing design concepts, case studies, and
benchmarks

Using less material

Using low-carbon and carbon-sequestering
materials

from Fang et al., Reducing embodied carbon in structural systems: A review of early-stage design strategies. Journal of Building Engineering, 2023.

Designing for reuse and reusing structural
elements

Adaptively reusing whole structures and
designing for longevity

Reducing construction and demolition waste

Reducing load demands

Exploiting standardization and/or customization

Implementing active structures

Integrating systems
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=PFL  Minimize transfers

David Ruggiero

o contributer AHK
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EPFL  Largescale structural efficiency

David Ruggiero
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Tuned mass dampers
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=F7L  Viscoelastic coupling dampers

Kinetica

Coupling Damper close-up

FIVOS TVINLONALS IHL 1V ALITIGVYNIVISNS W



=PrL

B SUSTAINABILITY AT THE STRUCTURAL SCALE

Matenial optimization

Cost-Carbon trade-off
colour by frame type ; [} cost-optimised @ carbon optimised
780.0

W Hide/Show all
625.0 [ & L] - " .- B CLT Decking (1 Way Flat Slab) on a Glulam frame
B CLT Decking (1 Way Flat Slab) on a Steel frame (Non...
B Flat Slab on a RC frame
@ Precast Decking (Hollowcore ; Screed) on a Steel fra...
B Precast Decking (Hollowcore ; no Screed) on a Steel f...
@ Precast Decking (Solid Plank ; Screed) on a Steel fra...
B Softwood Joists on a Glulam frame

Cost (E/m?)
|
.
]

AN

W Softwood Joists on a Steel frame (Non-Composite)
@ Steel Decking (Re-Entrant) on a Steel frame (Compos...

160.0

B Steel Decking (Trapezoidal) on a Steel frame (Compo...
B Steel Decking (Trapezoidal) on a Steel frame (Non-C...

A+ D E F G
40.0 157.5 275.0 392.5 510.0
Carbon (kg CO,/m?)

Structural PANDA
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Delayed loading
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PFL  Limestone Calcined Clay Cement (LC?)
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Omer Behget
Ph.D. candidate
(joint LMC)
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Reduce overdesign

Table 3.3-5: Recommended target reliability indices § for structures to be
designed, related to the specified reference periods

Limit states

Target reliability index

Reference period

Serviceability
reversible 0.0 Service life
irreversible 15 50 years
irreversible 30 1 year
Ultimate
low consequence of failure 31 50 years é 1in 1000
41 1 year
medium consequence of failure 3.8 S0vears < 1in 14000
47 1 year
high consequence of failure 43 50years < 1in 120000
51 1 year

Load

Resistance
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w
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=PFL Mechanical behaviour of cracked concrete

David Ruggiero

Elias Merhi
Ph.D. candidate
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=PTL  Structural optimization of slabs

Optimization with filling constraint

David Ruggiero

Ahmad Majdouba

Freeform 3D optimization Ph.D. candidate
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David Ruggiero
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=PFL  Design for adaptability

David Ruggiero

Sjonnie Boonstra

Former postdoctoral

1
researcher

Embodied
carbon

Slab rebar

J
S

SHORTER LONGER

length

(=i
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=PrL A Promise to Future Generations

David Ruggiero

AII appropriate measures shall be taken to ensure that the rights of future generatlons 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
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