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Council On Tall Buildings and Urban Habitat

ADVANCING SUSTAINABLE VERTICAL URBANISM

Founded in 1969.

Non-profit, multi-disciplinary, worldwide
association focused on tall buildings and
sustainable cities.

The CTBUH organizational member network
includes 2,000,000+ individuals working in
10,000+ offices around the world.




What We Do

Convene a Multi- Share Best Practice Track and Report Tall
Disciplinary Industry Information Building Info & Data

Robotics in
Tall Building

Construction

AR

Research Critical Recognize Superior Advocate for Dense
Industry Topics Urban Achievements Urban Solutions



Understanding Mass Timber:

Structural Material
Classifications



Structural Material Classification;

All-Timber Structures

All above-ground vertical, floor spanning, and lateral-force-resisting structural
elements must be constructed from timber.

.




Structural Material Classification:

Concrete-Timber Hybrid Structures

All above-ground vertical, floor spanning, and lateral-force-resisting structural
elements must be constructed from timber, concrete, or a combination of the two.
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Structural Material Classification:

Steel-Timber Hybrid Structures

All above-ground vertical, floor spanning, and lateral-force-resisting structural
elements must be constructed from timber, steel, or a combination of the two.




Structural Material Classification:

Concrete-Steel-Timber Hybrid Structures

All above-ground vertical, floor spanning, and lateral-force-resisting structural elements
must be constructed from timber, steel, concrete, or a combination of the three.




Tall Timber
Global Audit



Tall Timber Global Audit:

Mass Timber Buildings, by Status

Proposed, under construction, and completed mass timber buildings, eight
stories and higher.

Under
Construction

12%
(19)

162 Projects Total



Tall Timber Global Audit;

Cross-Comparisons, by Region

Proposed, under construction, and completed mass timber buildings, eight
stories and higher, by region.

Europe North America Oceania
Proposed Complete P
0 Complete roposed
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Tall Timber Global Audit;

Mass Timber Buildings, by Function

The number of under construction and completed mass timber buildings, eight
stories and higher, broken down by function.

Institutional
2% (2)

\

Mixed-Use
11% (11)

Office
23% (23)

Residential
64% (63)

99 Projects Total



Tall Timber Global Audit;

Mass Timber Buildings, by Region

The number of under construction and completed mass timber buildings, eight
stories and higher, broken down by region.

Asia
2% (2)

\

North America
20% (20)

Europe
67% (66)

99 Projects Total



Tall Timber Global Audit;

Mass Timber Buildings, by Structure

The number of under construction and completed mass timber buildings, eight

stories and higher, broken down by structural classification.
Concrete-Steel-
Timber Hybrid
10% (10)

\

All-Timber
47% (46)

Concrete-Timber
Hybrid
31% (31)

99 Projects Total



A Brief History of Tall Mass Timber:

Tallest Mass Timber Buildings

A graphical history of the tallest mass timber buildings in the world.*
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Stadthaus Forte Treet Brock Commons Mjostarnet Ascent
London, UK Melbourne, Australia Bergen, Norway Vancouver, Canada Brumunddal, Norway Milwaukee, United States
29 m | 9 Floors 32m| 10 Floors 49 m | 14 Floors 58 m | 18 Floors 85 m | 18 Floors 87 m | 25 Floors
All-Timber All-Timber All-Timber Timber-Concrete Hybrid All-Timber Timber-Concrete Hybrid

* This timeline includes new construction only. Vertical extensions (De Karel Doorman; 55 Southbank) are not included. If
included, De Karel Doorman, Rotterdam, at 70.5 meters, would be the tallest Mass Timber Building between 2012 and
2019, being surpassed by Mjgstarnet (85.4 meters).



A Brief History of Tall Mass Timber:

Timeline of Completions

Mass timber buildings worldwide, 8 stories and higher, by completion year.
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Tall Timber Global Audit;

Distribution of Structure Types

Global distribution of the tallest three buildings in each of the four structural categories.

Tallwood 1 at District 56

Status: Under construction (2022)

Location: Langford, Canada -
Height: 416 m

Structural Types
All-Timber

Concrete-Timber
Hybrid

Total Number of

Buildings in Region
__Steel-Timber
Hybrid
Concrete-Steel
Timber Hybrid

Elevation drawings of three
tallest buildings of each
structural type.

Project Name

Status: ConstructionStatus (Year)
Location: City, Country

Height: X m

Ascent

Status: Completed (2022)
Location: Milwaukee, United States
Height: 866 m

14

FLOORS

. [

Treet

Status: Completed (2015)
Location: Bergen, Norway
Height: 490m

De Karel Doorman

Status: Completed (2012)
Location: Rotterdam, Netherlands
Height: 705 m

Hyperion

Status: Completed (2021)
Location: Bordeaus, France
Height: 550 m

HoHo Wien

Status: Completed (2020)
Location: Vienna, Austria
Height: 840 m

Sara Kulturhus

Status: Completed (2021)
4 Location: Skellefted, Sweden

Height: 728 m

22

FLOORS

HAUT

Status: Completed (2022)

Location: Amsterdam, Netherlands
Height: 730 m

Lighthouse Joensuu

Height: 480 m

Mjostarnet

Status: Completed (2019)
Location: Brumunddal, Norway
Height: 854 m

55 Southbank

Status: Completed (2020)
Location: Melbourne, Australia
Height: 69.7 m

ASIA

Status: Completed (2019)
Location: Joensuu, Finland

25King

Status: Completed (2018)
Location: Brisbane, Australia
Height: 46.8 m




Tall Timber Global Audit;

Tallest 10 Mass Timber Buildings

Rank Building Name City, Country Height  Floor Structural System Function Status Completion

(m) Count (as of Feb 2022) Year

1 Atlassian Central Sydney, Australia 1826 42 Concrete-Steel-Timber Hybrid  Mixed-Use gggse'(:u ction 2027

2 Ascent Milwaukee, USA 86.6 25  Concrete-Timber Hybrid Residential  Completed 2022

3  Mjostarnet Brumunddal, Norway 854 18 All-Timber Mixed-Use Completed 2019

4 HoHoWien Vienna, Austria 84.0 24  Concrete-Timber Hybrid Mixed-Use Completed 2020
5 HAUT Amsterdam, Netherlands 73.0 22 Concrete-Timber Hybrid Residential Completed 2022

6 Sara Kulturhus Skelleftea, Sweden 728 19  Steel-Timber Hybrid Mixed-Use  Completed 2021

7 De Karel Doorman Rotterdam, Netherlands 70.5 22 Concrete-Steel-Timber Hybrid  Mixed-Use Completed 2012

8 55 Southbank Melbourne, Australia 69.7 19  Concrete-Steel-Timber Hybrid Mixed-Use  Completed 2020
=9 36-52Wellington Melbourne, Australia 65.0% 15 Concrete-Timber Hybrid Office ggg;rm ction 2023
=9 Roots Tower Hamburg, Germany 65.0% 19  Concrete-Timber Hybrid Residential ggﬁf{m T 2023

* Heights are estimated, based on the floor count of the building. The estimate has been arrived at by analyzing thousands
of other buildings of the same function on the CTBUH database that do have confirmed heights.



Featured Research:

Recent Mass Timber
Research Projects



CTBUH Research Project:

Future Timber City

An Awareness and Educational Program for Future,
Sustainable, Dense Cities

Project Start: August 2020
Project Completion: April 2023

Overview Steering Committee Milestones Partner

Given the market trajectory of building materials for tall buildings, it is likely that mass timber will be a critical
building component for cities of the near future. It is incumbent upon government and the leaders of the
timber industry to accelerate research in this field. We seek to provide a framework for better
understanding the character and dimensions of a future mass timber city, and help to make it a reality. This
program supports the dissemination of best-practice information on the design, technologies, construction,
and planning of mass timber buildings and larger timber communities—in addition to a thorough historica
review on the topic through the creation of a full-length technical publication. These activities will also
produce a short film that visually articulates the design possibilities of a full-fledged timber city to capture

the imagination of the general public to the sustainable benefits of mass timber, as well as the building
industry.

B SL Binational Softwood
Lumber Council




CTBUH Research Project:

Tall Timber Center Website

TALL TIMBER CENTER

The Tall Timber Center is a collaboration between CTBUH, the USDA Forest Service, and the Binational Softwood Lumber Council. The purpose of the
center is to provide an accessible portal to designers, developers, and constructors who want to gain a greater understanding of mass timber as it relates to

@




CTBUH Research Project:

Technical Guide
Pages: 334

Case Studies: 25

* |In-Detail Examinations: 12

 Projects “at-a-glance”: 13

Key Topics: 13

Tall Timbe-
High-Rise Buildings

Mass Timber for




CTBUH Research Project:

Technical Guide Series
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Outrigger Design for The Space Between: Urban Places,
High-Rise Buildings zndediion Public Spaces & Tall Buildings
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Natural Ventilation in Wind Tunnel Testing of
High-Rise Office Buildings High-Rise Buildings

Green Walls in
High-Rise Buildings

2014
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Tall Building Security,
Resilience & Protective Design

Fagade Access & Maintenance The Space Within:
for High-Rise Buildings Skyspaces in Tall Buildings

2018




Tall Timber:

Mass Timber for
High-Rise Buildings



Tall Timber: Mass Timber for High-Rise Buildings:

Detailed Case Studies

2.1 Case Study

25 King

Brisbane, Australia

Background/Overview Owner/Developer Motivations
Located in the heart of Brisbane’s Royal Although the building was initially
National Agricultural and Industrial conceived as having a concrete
Association of Queensland (RNA) structure, the project site overlaps a
Showgrounds, 25 King (see figures road tunnel; the potential complications
2.1.1 and 2.1.2) is one of Australia’s from this provided further incentive to
tallest and largest timber commercial use a lightweight structural material
buildings. The site anchors one end of to achieve the desired height. When
King Street, a burgeoning precinct in engineering firm Aurecon was
Brisbane whose planners are working secured as the anchor tenant, the

to prioritize sustainability and well- company expressed a keen interest in
being through design. The building’s a building that would communicate

expression—marked on the exterior by its commitment to sustainability, thus
its ground-level timber colonnade and driving the decision to use timber. The
“verandah”south fagade—nods to the developer and architect had confidence
Showgrounds'historic pavilions and in this approach from prior success with
traditional "Queenslander” buildings.
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Levels 2-11: The typical office floor plan was designed to be flexible, allowing tenants to add
partition walls and furniture where preferred.

4 Figure 2,1.1. Overall view of 25 King, Brisbane. ©Tom Roe
 Figure 2.1.2. Ground and typical floor plans. © mart, redrawn by CTBUM

Project Base Metrics

Status
» Completed: 2018
Building Function
» Office
Structural Classification
» All-Timb
Structural Materials
» Mass Timber:
Columns (GLT)

ver Concrete

levels 210 10
ms (GLT): levels 210 10

levels 3t0 11
Braces (GLT): levels 110 10
Core (CLT): levels 210 11
» Concrete:
Foundations
Floors: levels -1 to 2
Columns: levels -1 10 1
Beams: levels -1to 1
Core:levels-1t0 1
Building Milestone Dates
» Construction start: May 2017

b Constructk
Height
» Height to architectural top:
46.8 mel
» Height to highest occupied floor:
34.4 mel
» Height to tip: 46.8 m
Number of Floors
» Abc
» B q
Building Floor Area

ss floor area

s

-
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=
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16,
Netinternal are
Area of building
Entire site/plot: 1,88
» Site coverage: 99%
Number of Elevators
L
Building Occupancy
» 1,500 persons
Building Density
» 11 m'GFA/person

14963 m
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Tall Timber: Mass Timber for High-Rise Buildings:

Analysis, Lessons Learned, an

Future Objectives

Introduction in each case study. The objective is to
reach a broad set of conclusions about
state-of-the-art methods in mass timber
design for high-rises, before moving to

lessons learned and future objectives.

of available information, unique

or differentiated use of timber as a
material, and high levels of stakeholder
participation in the research. The case
studies are representative of the broad
spectrum of mass timber high-rises
currently constructed, but the data
produced was not exhaustive across all
factors in each. This section summarizes
the gathered statistics collected for

This chapter collects the findings of
individual case studies in Chapter 2 and
the key topics/considerations provided
by discipline experts in Chapter 3,
subjecting them to a broader analysis
and commentary, organized in the
same order in which the same key
topics and factors of analysis appear

The case studies (see Table 4.0.1) were
selected from a broader tall timber
audit pool researched by CTBUH on
several bases: height, preponderance

each case study in the guide. Where a
substantial quorum of figures could be
obtained, comparisons are drawn. Even
in cases where relatively little data could
be obtained, the data is nevertheless
displayed where it is known, as the
authors believe this is part of creating
an authoritative reference for a new way
of building.

Function

In terms of function, of the 12 case
studies in the Guide, two are office-
only buildings, five are mixed-use,
and five are either residential or hotel
uses. Compared to the overall dataset
of tall mass timber buildings, eight
stories and higher (see Chapter 1.3,

Building Characteristics
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Project Base Metrics
[ Function Office Reslidential Residential Mixed-Use Mixed-Use Mixed-Use
Status C 2018 G 2022 C 2017 C 2017 G 2012 [« 2019 ‘
Structural classification :‘;2::’ i »c-;.:: l:n:i'mbﬂ ma:v:fm (A:i:mmb:' i gm'ﬂm over f;:f id A ‘
Concrete Concrete Concrete
 Building Milestone Dates
Construction start May 2017 August 2020 November 2015 November 2014 Nov 2006, Mar 2011 October 2016 |
Completion date October 2018 July 2022 May 2017 June 2017 October 2012 June 2019 1
Construction period 16 months. 23 months 19 months 32 months 37 months 32 months
Height
Height to architectural top 468 m 866m 58m 338m 705m 84m |
::2"' tohighest occupied | 344 m 794m s4m 292m 661m 792m
Height to tip 468m 866m 58m 338m 712m 8m
| Number of Floors
Above grade n 25 18 10 2 24
Below grade 1 0 o 1 1 2
' Building Floor Area
‘ Total gross floor area 16,446 m* 47,909 v 15120 16,791 m* 22,950 m* 25,000 m*
Net internal area 14,963 m* 38979 m* 1972m* 12,103 m* 19,530 m* 19,700 m* |
Area of building footprint 1,863 m* 2,484 m¢ 840 m* 1,283 m’ 3120m* 1372m* ‘
Entire site/plot 1884 m? 2,650 m¢ 2315m¢ 409 m? 3920 m* ‘
Site coverage 99% 94% 36% 1% - 35% |
Number of apartments NA 259 305 121 14 143 i
Number of elevators 4 3 2 10 4 6 “
Building occupancy 1,500 persons 2,623 persons 404 persons 2,058 persons 818 persons. |
Building density 11 m? GFA/person 183 m' GFA/person 374 m’ GFA/person 8.1 m? GFA/person 31 mé GFA/person i

a Table 4.0.1. The project base metrics data from each case study provides a comparison of height, area, and occupancy.

Office Mixed-Use Residential Mixed-Use
C 2012 [« 2019 C [« 201
Concrete-Timbx All-Timber over All-Timber over
Hybrid AR Timbar Concrete Steel-Timber Hybrid
September 2011 April 2017 June 2016 November 2018
September 2012 March 2019 October 2017 October 2021
12 months. 23 months 17 months. 36 months
27m 854m 409m 728m
2m 682m 40m 668m
27m 838m 409m 728m
Z 18 13 20
1 1 1 1
2319m’ 11,480 m’ 11,547 m? 28,000 m*
1774m* 11,300 m* - 27867 m*
301 m? 3752m* 1,686 m? 5957 m*
15,680 m* 2,025 m? 7,100 m*
24% 83% 84% m*
N/A 105 93 208
1 3 2 8
147 persons 913 persons 282 persons
15.7 m* GFA/person  10.7 v GFA/person  40.9 mé GFA/person

Residential
Completed: 2009

All-Timber over
Concrete

February 2008
January 2009
11 months.

29m
232m

29m

2,750 m?

1,861 m*
280 m?
860 m?

33%

29

2

118 persons

23.3 m’ GFA/person

page 20), where 64 percent of the
buildings are residential/or hotel
functions, the case study residential/
hotel projects represent a smaller
proportion (42 percent).

Height/Area

The two extremes in this guide are
represented by the newest and
tallest (Ascent, Milwaukee) and the

Residential
Completed: 2015
All-Timber over
Concrete
April 2014
December 2015
21 months 22.5 months
4a9m 57.0m
443m 50.6m
49m 57.3m
4 16
1 1
8,080 m* 17,366 m*
5830 m* 15,080 m*

490 m* 1,952 m?
2,600 m? 4313 m*
19% 54%
62 144
1 4

988 persons

21.8 m’ GFA/person



Tall Timber: Mass Timber for High-Rise Buildings:

Detailed Case Studies

25 King

2018

Brisbane, Australia
46.8m/11F

LCT ONE

2012

Dornbirn, Australia
27 m/8Fl

Ascent

2022
Milwaukee, USA
86.6 m/25Fl

Mjostarnet

2019
Brumunddal, Nor.
853 m /18 Fl

Brock Commons
2017

Vancouver, Canada
57.9m /18 Fl

Origine

2017

Quebec, Canada
48.0m /13 Fl

Dalston Works
2017

London, UK
33.8m/10Fl

Sara Kulturhus
2021

Skellefted, Sweden
72.8m /19 Fl

De Karel
Doorman
2012

Rotterdam, Neth.

70.5m /22 Fl

Stadthaus
2009
London, UK
29m/9Fl

HoHo Wien
2020

Vienna, Austria
84.0 m/ 24 Fl

Treet

2018

Bergen, Norway
49m/14Fl



Tall Timber: Mass Timber for High-Rise Buildings:

Case Study Dimensions of Analysis

1.

W N

P

© o NG w;

Owner/Developer
Motivations
Cost Considerations

Carbon and Sustainability

Overview
Use/Exposure of Mass
Timber

Structural Systems
Code Considerations
Material Testing

Fire Safety Engineering
Acoustics

10. MEP Systems
11. Building Envelope

®PanyT

oh

8.

12. Construction Process
a.

Sourcing and Supply
Chain

Prefabrication

Site Delivery

On-Site Construction
Tolerances and
Accuracy Testing

Fire Protection During
Construction
Moisture Management
During Construction

13. Post-Occupancy Evaluation



Tall Timber: Mass Timber for High-Rise Buildings:

Case Study Base Metrics

Brishane, Australia

25King

Project Base Metrics

Milwa ukee, USA

Ascent

Brock Commons
Vancouver, Canada

London, UK

Dalston Works

De Karel Doorman

Rotterdam, Netherlands

Vienna, Austria

HoHo Wien

Function Office Residential Residential Mixed-Use Mixed-Use Mixed-Use

Status Completed: 2018 Completed: 2022 Completed: 2017 Completed: 2017 Completed: 2012 Completed: 2019

Structural classification 2:)'_:1:2?:' over Et;g:lrdet:v:lrmber ﬁ:g:::t:v?rmber 22:1:2?:' over %ﬁ&ertflysgxlover flc;lgflrgte-ﬁmber
Concrete Concrete Concrete

Building Milestone Dates

Construction start May 2017 August 2020 November 2015 November 2014 Nov 2006, Mar 2011  October 2016

Completion date October 2018 July 2022 May 2017 June 2017 October 2012 June 2019

Construction period 16 months 23 months 19 months 32 months 37 months 32 months

Height

Height to architectural top 46.8m 86.6m 58m 338m 705m 84m

;'gght to highest occupled 794m 54m 202m 66.1m 792m

Height to tip 46.8m 86.6m 58m 338m 712m 84m

Number of Floors

Above grade n 25 18 10 22 24

Below grade 1 0 0 1 1 2

Building Floor Area

Total gross floor area 16,446 m* 47,909 m* 15,120 m? 16,791 m? 22,950 m? 25,000 m?

Net internal area 14,963 m? 38,979 m? 11,972 m? 12,103 m? 19,530 m? 19,700 m?

Area of building footprint 1,863 m? 2,484 m? 840 m? 1,283 m? 3,120 m? 1372m?

Entire site/plot 1,884 m? 2,650 m? 2315m? 4,091 m? - 3,920 m?

Site coverage 99% 94% 36% 31% - 35%

Number of apartments N/A 259 305 121 114 143

Number of elevators 4 3 2 10 4 6

Building occupancy 1,500 persons 2,623 persons 404 persons 2,058 persons - 818 persons

Building density 11 m? GFA/person 183 m? GFA/person  37.4m’GFA/person 8.1 m’GFA/person - 31 m? GFA/person




Tall Timber: Mass Timber for High-Rise Buildings:

Case Study Base Metrics (Cont'd)

x - ® T ) x 5
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Project Base Metrics
Function Office Mixed-Use Residential Mixed-Use Residential Residential
Status Completed: 2012 Completed: 2019 Completed: 2017 Completed: 2021 Completed: 2009 Completed: 2015
SE 0 L el B
Building Milestone Dates
Construction start September 2011 April 2017 June 2016 November 2018 February 2008 April 2014
Completion date September 2012 March 2019 October 2017 October 2021 January 2009 December 2015
Construction period 12 months 23 months 17 months 36 months 11 months 21 months 22.5 months
Height
Height to architectural top 27m 854m 409m 728m 29m 49m 57.0m
::('f:ht tohighestoccupied | 5, ) 682m 40m 66.8m 232m 443m 50.6m
Height to tip 27m 88.8m 409 m 728 m 29m 49m 573 m
Number of Floors
Above grade 7 18 13 20 9 14 16
Below grade 1 1 1 1 0 1 1
Building Floor Area
Total gross floor area 2,319 m? 11,480 m? 11,547 m? 28,000 m? 2,750 m? 8,080 m* 17,366 m?
Net internal area 1,774 m? 11,300 m? - 27,867 m’ 1,861 m? 5,830 m? 15,080 m?
Area of building footprint 301 m? 3,752 m? 1,686 m? 5,957 m? 280 m? 490 m? 1,952m?
Entire site/plot - 15,680 m? 2,025 m? 7,100 m? 860 m? 2,600 m? 4313m?
Site coverage - 24% 83% 84% m? 33% 19% 54%
Number of apartments N/A 105 93 208 29 62 144
Number of elevators 1 3 2 8 2 1 4
Building occupancy 147 persons 913 persons 282 persons - 118 persons - 988 persons
Building density 15.7m?GFA/person  10.7 m? GFA/person  40.9 m? GFA/person - 233 m?GFA/person - 21.8 m? GFA/person




Tall Timber: Mass Timber for High-Rise Buildings:

Case Study Mass Timber Information
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Mass Timber Information
| Mass timber I
Floors (CLT) | Levels3to 11 Levels 7 to 25 Levels3to 18 Levels3to 10 - | Levels 2to 24 - - Levels3to 13 Levels2to 4 Levels3to9 - 1
Framed floors (LVL) | - & B = Levels 7 to 22 - - Levels2to 11 - - - -
Columns (GLT) ' Levels2to 10 Levels 7to 25 Levels2to 18 - - Levels 1to 24 Levels 1to 7 Levels 1t0 17 Levels2t0 13 Levels 1 to 4and - Levels 1to 14
- levels 19 to 20
Columns (PSL) | - s Levels2to 5 - - - - |
Beams (GLT) | Levels2to 10 Levels 7to 25 - = z ' 5 Levels1to7 Levels 1t0 17 Levels2to 13 Levels1to 4 = Levels 1to 14 1
Core (CLT) | Levels2to 11 - - Levels 2to 10 - - - Levels1to 18 - Levels 1 to 20 Levels 2to 9 Levels 1to 14
Modules (GLT/CLT) | - % 2 = e [ = - - = Levels6to 18 - -
Braces (GLT) | Levels 1t0 10 - - - - - - Levels 1t0 18 - - - Levels 1to 14
Walls (CLT) | - - = Levels2to 10 - - - - Levels2to 13 - Levels2to 9 -
Roofs (CLT) | - . = Levels6to 10 - - = - - - = -
Facade | - - - - - Levels 1to 24
Pergola (GLT) | - - - - - - - Level 18 - - - - |
Balconies (CLT) | - - - - - - - - - - - Levels2to 14 ‘
Concrete ‘
Foundations | v' v v v Foundations v v o Raft foundation L4 v o [
Floors | Levels-1to2 Levels 1to6 Level 1 Levels-1to1 Levels-1to 6 Levels -2 to 24 Levels-1to1 Levels-1and 12t0 18  Levels-1to1 Levels-1t0 1,5,19, Levels 1to 2 Levels-1to1 i
Columns | Levels-1to 1 Levels 1to6 Level 1 Level -1 Levels-1t0 6 | Levels-2 to-1 g = Levels-1to 1 aL::’ef?l - Level -1 1
Beams: | Levels-1to1 Levels 1t06 - . - Levels] o2y :::xixg?: to7 }
Cores: | Levels-1to1 Levels 1to 25 Levels 1t0 18 Level 1 Levels-1t022 Levels 1-24 Levels 1to 7 - Levels-1t01 - Level 1 - i
Transfer slab | - - Level 2 Level 2 - - - - Level 2 - - -
Structural floor topping | - - - - - B Levels2to 7 - - - - - [
Walls | - - - - - - - - - - Level 1
Steel
Columns = Level 11 - Perimeter Angles - Levels 7 to 22 - - - - Levels1,19t0 20 - -
Beams | - - - - Levels 7 to 22 B - - Beams connecting - - -
the concrete transfer
slab and CLT walls:
| Level 2
Roof framing = Level 11 - Yes - - - - - - - -
Box Truss | - - - - B - - Level 5 - -
Total mass timber volume 6,206 m* 723w 2283 m* 3958 m* 472 m’ 4633 m’ 264 m* 2654m’ 2923m’ 12,022 m* 901 m* 925m*
Total mass timber volume/gross floor area  0.38 m*/m’ 015 m'/m? 0.15mY/m? 024 m'/m’ 0.02 m"/m? ‘ 0.19m"/m’ 0.11 m"/m’ 023 m'/m’ 0.25 m'/m?* 043 m'/m’ 033 m"/m’ 0.11 m/m?
Total mass timber weight 2,978,880 kg 3,511,331kg 1,075222 kg 1,900,000 kg 240,720 kg | 2177214 kg 136034 kg 1,177,000 kg 1,199,513 kg 5,169,460 kg 432,480 kg 414,000 kg
Average mass weight / GFA 181 kg/m? 73 kg/m? 71 kg/m? 113 kg/m? 10 kg/m? 87 kg/m* 59 kg/m? 103 kg/m? 104 kg/m? 185 kg/m? 157 kg/m?® 51 kg/m?




Case Study Mass
Timber Information:

Timber /
_ g7 : IR - - .
Quantities SRS . | BTEE = L
: 3 T ™ ;";"" o, - . 2l -
I Wmmmm
Volume (m3) 6,206 7,371 2,283 3,958 4,633
Vol/.GFA (m3/ m?) 0.38 0.15 0.15 0.24 0.02 0.1
Weight (kg) 2,978,880 3,511,331 1,075,222 1,900,000 240,720 2,177,214
Ave. kg / m? 181 73 71 113 10 87

Volume (m3) 2,654 2,923 12,022
Vol/.GFA (m3/ m?3) 0.11 0.23 0.25 0.43 0.33 0.11
Weight (kg) 136,034 1,177,000 1,199,513 5,169,460 432,480 2,177,214

Ave. kg / m? 59 103 104 185 157 87



Tall Timber: Mass Timber for High-Rise Buildings:

Cost Considerations

Example: Comparison of construction costs of Brock Commons Tallwood House,
a mass timber student-housing high-rise, and Ponderosa Cedar House, a
conventional concrete building of the same size, in Vancouver.

Construction Cost Comparison

Brock Commons, July 2017 Ponderosa Cedar House, July 2017 % Difference

CAS Uss* CAS Uss$* %
Procurement and general requirements 3,661,566 2,819,398 3,374,663 2,598,491 109%
Concrete 3,694,268 2,844,586 6,628,694 5,104,094 56%
Metal 910,565 701,135 432,487 333,015 211%
Wood and plastics 3,731,316 2,873,113 746,563 574,854 500%
Thermal and moisture protection openings 5,253,529 4,045,217 5,131,827 3,951,507 102%
Openings 2,053,890 1,581,495 2,076,157 1,598,641 99%
Finishes 4,979,374 3,834,118 3,860,899 2,972,892 129%
Furnishings 2,130,925 1,640,812 1,475,266 1,135,955 144%
Mechanical 6,304,947 4,854,809 5,996,830 4,617,559 105%
Electrical 3,510,015 2,702,712 3,135,210 2,414,112 112%
Misc. Costs 4,277,944 3,294,017 4,821,870 3,712,840 89%
Total Construction Cost 40,508,329 31,191,413 37,110,466 29,013,959 108%

*Costs are in July 2017 CAS, converted to July 2017 USS at exchange rate CA$1 = USD$0.77

8% construction cost premium for choosing timber



Tall Timber: Mass Timber for High-Rise Buildings:

Construction Costs Comparison

e e e e e e b )

Construction Costs

25 King| Brock Commons LCT One Mjostarnet Origine
Brisbane, Australia Vancouver, Canada Dornbirn, Austria Brumunddal, Norway Québec, Canada
Total Construction Cost (USS) 46,251,405 31,191,413 5,913,892 45,051,868 16,113,963
(Oct. 2018 USS) (July 2017 USS) (Sept. 2012 USS) (March 2019 USS) (Oct. 2017 USS)
Inflation Value (USS) 1.17 1.21 1.28 1.17 1.20
Total Construction Cost (December 54,114,144 37,741,610 7,569,782 52,710,686 19,336,756
2022 USS)
Total Construction Cost per Unit Area
(2022 USS/m?) 3,290 2,496 3,264 4,591.52 1,675




Tall Timber: Mass Timber for High-Rise Buildings:

Carbon Considerations

Example: Total embodied carbon estimates for Brock Commons Tallwood House,
Vancouver, based on life cycle analysis modules.

Phases

Manufacturing and
Construction

Use

End of Life

Results

Total Embodied Carbon (kg CO, eq), Based on EBD (Environmental Building Declaration) Modules

Modules

A1 Raw material supply
A2 Transport
A3 Manufacturing

A4 Transport

A5 Construction installation process
B2 Maintenance

B3 Repair

B4 Replacement

C1 Deconstruction

C2 Transport

C3 Waste processing

C4 Disposal

Total estimated GHG emissions

Brock Commons
Estimated GHG Normalized to floor
emissions area
(kg CO, eq) (kg CO, eq/m?)
2,690,000 178.0
159,000 10.5
183,000 12.1
30,600 20
480,000 31.7
1,020,000 67.5
109,000 7.2
51,400 34
17,100 1.1
18,700 1.2
4,760,000 315.0

Ponderosa Cedar House
Estimated GHG Normalized to floor
emissions area
(kg CO, eq) (kg CO, eq)
3,440,000 268.0
124,000 9.7
185,000 144
36,100 28
500,000 38.9
872,000 67.9
120,000 9.3
51,800 4.0
15,500 1.2
26,500 2.1
5,370,000 418.0

% Difference

Difference
normalized to floor
area

66%

109%
84%
72%
82%
99%
77%
84%
94%
60%
75%

75% reduction in GHG emissions compared to concrete alternative



Tall Timber: Mass Timber for High-Rise Buildings:

Transportation Paths

Approximate routes taken by the raw materials and prefabricated components
of the 12 case studies in the guide.

— e ST,
7 Altheim, Austria

HoHo Wien

Teufenbach-Katsch, Austria “§,

Latzendorf/Stall, Austria "

Sara Kulturhus
Skellefted, Sweden

.-+ "Bygdsijum, Sweden
Teufenbach-Katsch, Austria ! 2

Dalston Works
London, UK
; Stadthaus
Brock C London, UK
Tallwood House .+ Pentiction, Canada
.. . Vienna,
LCT One 1 us
Chbougamau, Canad. Dornbirn, Austri = % N
R % 5 % Bad St.Leonhard & Ybbs an der Donau, Austria
Ascent Origine i

Québec City, Canada

Milwaukee, USA

Hermagor, Austria

Legend 7 ) L .
Project -0 Yerm NG ' N T

\ 25 King

Truck Route ) Brisbane, Australia

(]

Train Route SN

Boat Route o~




Tall Timber: Mass Timber for High-Rise 1,.-

Transportation P:

Example: Mjoestarnet

Project Site: Mjostarnet
Brumunddal, Norway

w =

285 km (177 miles)

_ Moelven Limtre;

Ringsaker vegg- og
takelementer (RVT)
Moelv, Norway
14 km (9 miles)

X

'_ | Woodcon
L ’ Brumunddal, Norway

- (‘ AB Invest A/S
Oslo, Norway
108 km (67 miles)

r

Nordic Steel

Bryne, Norway
380 km (236 miles)

HENT; Voll Arkitekter
Trondheim, Norway

gs:
S

-::::::::::_. :::: Métsa Wood
== :::_-_.:: . Espoo, Finland
Seo TSSSssaL 752 km (467 miles)
So ~o T=Is ~
\\ Stora Enso
- ~. Helsinki, Finland
S 768 km (477 miles)
Sweco
Stockholm, Sweden
430 km (267 miles)




Tall Timber: Mass Timber for High-Rise Buildings:

Carbon Emissions and Storage

Carbon Emissions and Storage

25 King Coi:‘r)::)(ns Dalston Works LCT One Origine, Sara Kulturhus Stadthaus
Brisbane, London, United Dornbirn, Québec, Skellefted, London, United
. Vancouver, X R X
Australia Kingdom Austria Canada Sweden Kingdom
Canada
Total estimated embodied GHG 8,105,839 4,760,000 - 583,650 1,787,942 4,827,903 ;
emissions (kg CO, eq)
Totgl gstlmated e‘mbodled GHG i 493 315 i 329 155 172 )
emissions per unit area (kg CO, eq/m?)
Carbon Storage
Total carbon sequestered within 4,399,056 1,753,000 3,560,000 245,441 2,166,995 8,017,188 718,667
structural timber
Net carbon emissions of the structure 3,706,783 3,007,000 -925,000 338,209 -379,053 -3,189,285 -
(total emissions minus sequestration)
Total carbon emissions avoided by using ¢ ) 74¢ 610,000 - 250,100 907,639 4,592,926 682,620
timber over conventional materials




The Elephant
In the Room






Fire Restrictions

&

Ministry of Housing,
Communities &
Local Government

Ministry of Housing, Communities and
Local Government

Final Impact Assessment: Ban
on combustible materials in
external wall systems.
Building (Amendment)
Regulations 2018
S12018/1230

————————— Vii. Timber bUIldlng
a. The policy prohibits the use of timber matenals in the external wall of
buildings within the scope. Currently the number of projects above 18m
in height where load bearing structural imber elements are used
remains relatively small. The effect of the ban on the use of engineered
timber remains limited in the short term. There is however a growing
number of buildings above 18m in height using engineered timber as
part of their structure. Engineered timber offers an altermative to
traditional methods of construction in buildings within the scope of the
policy. It is therefore likely to slow down the use of engineered timber in
future development in the medium to long term.




IBC Mass Timber Construction Types

Office
Assembly
Residential —

Mercantile
(12 stories) —

Type IV-A

— 270 ft.
(18 stories)

Office
Assembly
Residential —

Mercantile
(8 stories) —

Type IV-B

(12 stories)

Office
(9 stories) ——

Residential —
(8 stories)

Assembly —
Mercantile
(6 stories)

Type IV-C

— 85 ft.
(9 stories)



IBC 2021 Fire Rating Requirements

I-A IV-A I-B IV-B IV-C
Building Element Unlimited stories, Max. 18 stories, Max. 12 stories, Max. 12 stories, Max. 9 stories,
9 heights and 270 180 ft, unlimited | 180 ft, 85 ft,
areas* 324,000 sf** areas* 2161000 Tt 185000istit
Primary Frame 3 3 2 2 2
Exterior Bearing Walls 5 3 2 2 2
Interior Bearing Walls & 3 2 2 2
Roof Construction 15 5 1 1 1
Primary Frame at Roof 2 2 1 1 1
Floor Construction 2 2 2. 2 2

Assumes an NFPA 13 automatic sprinkler system throughout building
*Unlimited building size permitted for most occupancies

**Area limits indicated are per level, assuming no frontage increase; see IBC Tables 504.3, 504.4 and EOG.2 for additional details

Source: 2021IBC Tables 504.3, 504.4, 506.2 and 601




IBC 2021 Fire Rating Requirements

Type IV-A Fire-Resistance Ratings
Primary Frame (3-hr) + Floor Panel Example (2-hr)

Minimum 1" noncombustible material

| s § i o e s o e s s e s

Mass timber floor panel

40 minutes of mass timber FRR \

Two layers 5/8" Type X gypsum

Glulam beam (primary structural frame)

60 minutes of mass timber FRR

Three layers 5/8" Type X gypsum




IBC 2021 Fire Rating Requirements

Type IV-B Exposed Fire-Resistance Ratings
Primary Frame (2-hr) + Floor Panel Example (2-hr)

Minimum 1" noncombustible material E :

_—_
INoCOEOEOI O IO IO IO IO ONOEOO DI SD I DI DO ImomEn
_

B

]

Mass timber floor panel

2-hr of mass timber FRR;
noncombustible material not required

Glulam beam (primary structural frame)

2-hr of mass timber FRR;
noncombustible material not required




Performance-Based Approach

Height Low-rise Mid-rise Tall Very tall High-rise

Stories 1-2 3-5 6-8 9-15 >15

Likely escape Quick escape Slow escape Assisted escape | Assisted escape | Difficult escape
. Local areas No exposed

No sprinklers . | | Not allowed Not allowed Not allowed

Normal Large areas Local areas No exposed

sprinklers exposed exposed wood

Special Large areas Large areas Local areas

sprinklers exposed exposed exposed

Table replicated from Buchanan (2015), showing fire protection based on building height and area
of mass timber exposed.




Performance-Based Approach

Fire Testing




Performance-Based Approach

Fire Testing
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Fire Regrowth Potential -
Under-Tested Situation

a1
Of concern is the unpredictability of fire

regrowth, if there are large amounts of
exposed CLT with adhesives that are
prone to char debonding under heating.

- David Barber, Fire Engineer, Arup

Exposed mass timber in a fully-developed fire
has been explored through full-scale fire testing,
but only in compartments of up to 90 square
meters of floor area.




Fire Regrowth Potential -
Under-Tested Situation

14,000
— Test1-1 *

12,000 F —— Test 1-4

—
o
o
3

8,000

6,000 [

Heat Release Rate (kw)

4,000

2,000

0 30 60 920 120 150 180 210
Time (min)

* Test 1-1: No exposed timber; Test 1-4: CLT Exposed



Fire Testing vs. Proposed and
Constructed Buildings

3.0 A Experiments in non-combustible compartment
®  Timber experiments
T @  Timber buildings
2-to-5-m-high square compartment

25
£
= £
v
£ 20
=
S
~
4o}
g
s 1.5 r
§ e
=
> e
v

1.0 g

£ a
Aa
0.5
0 1,000 2,000 3,000 4,000 5.000

Compartment floor area (m?)

Figure 10. Graph illustrating the discrepancy between the available timber compartment fire tests and the proposed
or constructed high-rise mass timber buildings.




Still Aiming High:

Tall Timber



Ascent

The Tallest Mass
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Ascent: The Tallest Mass Timber
Building in the World

THE WORLD'S TALLEST
TIMBER-CONCRETE HYBRID BUILDING | ,

According 1o CTBUH Height Criterta o Architectura Tope 86.6 meters / 284 foet

Milwaukee, USA

Completion: 2022
Height: 86.6 m; 25 floors
Structure: Concrete-Timber Hybrid



Ascent: The Tallest Mass Timber
Building in the World

Milwaukee, USA

Completion: 2022

Height: 86.6 m; 25 floors
Structure: Concrete-Timber Hybrid




Still Aiming High

dezeen @© next story

Schmidt Hammer Lassen unveils design for world's tallest timber
building

000500

James Parkes | 14 April 2022 | 22 comments

Danish studio Schmidt Hammer Lassen has revealed its design for a 100-metre-tall
housing block in Switzerland, which will be the world’s tallest timber building when it
completes.

Named Rocket&Tigerli, the terracotta-clad building is set to be built on a former
industrial site in the city of Winterthur, near Zurich.

It will be comprised of four volumes of different heights, one of which will rise to 100
metres tall making it the world’s tallest building with a load-bearing timber structure.



Still Aiming High

FACTS METRICS

HEIGHT
182.6 m/ 599 ft

Official Name

Other Names

Name of Complex
Type

Status

Expected Completion
Country

City

Address

Function

Structural Material

2 FLOORS 42

Atlassian Central

Atlassian Global
Headquarters, Railway Square
YHA, Western Gateway Block
A, Central Place Sydney Block
A

Central Place Sydney
Building

@ Under Construction
2027

Australia

Sydney g :

8-10 Lee Street E: , ' ‘5: . 2. ;
Office / Hotel & E—

Concrete-Steel-Timber = i- kR

Composite



Atlassian Central:

Potential Future Tallest Mass Timber Building in the World
(Currently Under Construction)

e
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334403




Still Aiming High

% The Urban Developer  World's Tallest Timber Tower Planned For Perth

SHARE 18

D € =5

EMAIL

LINKEDIN

FACEBOOK

TWITTER

PRINT

PLANNING TED TABET WED 20 APR 22

World’s Tallest Timber Tower
Planned for Perth

The tallest timber building in the world will rise in Perth, if
approved, after a $350-million development application was
lodged by Melbourne’s Grange Development.

The developer has submitted plans with the City of South Perth
for a 50-storey hybrid timber tower comprising 245 apartments
at 6 Charles Street.

At a height of almost 183 metres, the development, to be known
as C6, will lay claim to be the tallest timber building in the
world, outreaching Atlassian’s approved skyscraper in Sydney’s
Tech Central precinct by three metres.

Lots 8 & 9 Heaths Road, Glenella, OLD,

CONSTRUCTION
[+] More Builders

# Face Ruin as
Construction Costs

Surge

URBAN DESIGN

[+] Billionaire
Philanthropist
Reveals Next Design
Statement



Featured Research:

Current Mass Timber
Research Projects



CTBUH Research Project:

The Future Potential of Steel-Timber
Hybrid Buildings

Project Start: July 2021
Project Completion: December 2023

constructsteel

S|L B

SOFTWOOD
| LUMBER BOARD




CTBUH Research Project:

The Future Potential of Steel-Timber
Hybrid Buildings

Coming in 2024...

Includes:

- Detailed Case Studies

« Data!

« Full LCA Scenarios

« Recommendations/Methodology

See:
ctbuh.org/research/projects/the-
future-potential-of-steel-timber-
hybrid-buildings




The Future Potential of Steel-Timber Hybrid Buildings:

World’s 5 Tallest Mass Timber
Buildings Employing Steel

75m
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Sara Kulturhus De Karel Doorman 55 Southbank  Hyperion Lighthouse
2021 2012 2020 2021 2019
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72.8 m 70.5m 69.7 m 55.0m 48.0m



The Future Potential of Steel-Timber Hybrid Buildings:

The Initial Case for Steel-Timber
Hybrid Buildings

Assumptions being tested by current CTBUH research

« Greater spanning strength and ductility (than timber alone)?

« Better lateral restraint systems, especially for taller buildings?

« Better Carbon / LCA implications (than concrete-timber hybrid)?

« More flexibility with layouts, and later renovations / change of use?
« Ease of assembly and lower weight (than concrete-timber hybrid)?
« Greater dimensional accuracy, steel akin to mass timber?

» The greater potential for aesthetic expression of timber / biophilic benefits?



Greater spanning
strength and

ductility

Building: 843 N. Spring Street
Location: Los Angeles, California
Floors: 5

Function: Office

Status: Complete




© SHoP Architects

Better suitability
for lateral restraint

systems

Building: Atlassian Central
Location: Sydney, Australia
Height: 182.6m

Function: Mixed-Use
(Office over Hotel)

Status: Under Construction




Better life cycle
assessment
implications

- . i — “‘:: R .
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P . e i Ny Shiue . 2
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2% -w“.%.:; , > ) » r‘ 1 k‘ sSdkus . . .
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. ;-31:"" 3 .»' ﬁ' = e as » % b ‘.. y s - . - i »' i T
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More flexibility for
layouts,
renovations, future

use

Building: De Karel Doorman
Location: Rotterdam, Netherlands
Height: 70.5

Function: Residential / Retail

Status: Completed
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Lower weight for
greater height

Building: 55 Southbank
Location: Melbourne, Australia
Height: 69.7m

Function: Mixed-Use (Hotel over
Office)

Status: Complete (2020)




© ArtBuild

Greater
dimensional

accuracy

Building: Opalia
Location: Paris, France
Floors: 8

Function: Office

Status: Complete (2017)



© Nairn Okler/Korb+Associates Architects

Aesthetic
expression of
timber and
biophilic benefits

Building: Ascent

Location: Milwaukee, Wisconsin
Height: 86.6m

Function: Residential

Status: Completed (2022)




G) Dargﬂ‘arik

Inherent Fire
Resistance

Building: Terminus
Location: Victoria, Canada
Floors: 5

Function: Office

Status: Complete




Better Floor-to-
Floor Heights

Building: Opalia
Location: Paris, France
Floors: 8

Function: Office

Status: Complete (2017)




The Future Potential of Steel-Timber Hybrid Buildings:

Parameters of Steel-Timber Life Cycle
Carbon and Cost Assessment (LCCA)

« Material & Structural System Comparisons
« Real vs. Generic Scenarios

* Whole Building vs Structure

* Location

« Height / Floor Count

* Function

 Embodied vs Operating

* Whole life / end-of-life

« Platform(s) / Software(s)



The Future Potential of Steel-Timber Hybrid Buildings:

Structural Engineering Design

Scenarios

20 Stories (Scenario 1) and 40 Stories (Scenario 2)




Structural Engineering Design

Scenarios

The Future Potential of Steel-Timber Hybrid Buildings:

« 20 Stories (Scenario 3) and 40 Stories (Scenario 4)

- Steel Beams Only (3a & 4a); Steel Beams w/ Secondary Timber Beams (3b & 4b)




The Future Potential of Steel-Timber Hybrid Buildings:

Structural Engineering Design
Scenarios

20 Stories/Timber Columns (Scenario 5) and 40 Stories/Steel Columns (Scenario 6)

Beams

Columns

Timber
Timber (Scenario 5)

Steel (Scenario 6)

Lateral

Concrete Core
Steel Bracing

Floor System
Concrete over 5-ply CLT




The Future Potential of Steel-Timber Hybrid Buildings:

Structural Engineering Design
Scenarios

20 Stories (Scenario 7) and 40 Stories (Scenario 8)

Beams
Steel

Columns
Steel

Lateral

Concrete Core
Steel Bracing

Floor System
Composite Metal Deck Slab
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The Future Potential of Steel-Timber Hybrid Buildings:

Designs Developed by Structural
Engineering Working Group

20 Stories (Scenario 3) and 40 Stories (Scenario 4)
- Steel Beams Only (3a & 4a); Steel Beams w/ Secondary Timber Beams (3b & 4b)

Floor: CLT160-5s
Area: 60mx 40m, Volume:384 m3/level

Secondary beam: 260x600 GL28
(Total length: 64x6.65m , Volume: 66.4m3/level)

Main beam: UB762x240X147 s
Length: 26x12m+12x6.65m, Weight: 57.6ton/level

Column:

Int. column Ext. column Weight
Level (8 nox4m) (22 no x4m) {ton/level)

131-40 HD 400 x 287 HD 360 x 162 23.44

aption with 50

concrete cove

Floor: CLT160-5s
Area: 60mx 40m, Volume:384 m?*/level

Secondary beam: 500x1000 GL28
(Total length: 32x13.3m , Volume: 212.8m*/level)

Perimeter beam:  UB762x240x147
Length: 10x12m+6x13.3m, Weight: 29.3ton/level

Main beam: W920X310X201
Length: 4x12m, Weight: 9.65ton/level

Column Column Weight
Level (16 no x 4m) (ton/level)
L31-40 HD 400 x 287 18.37
121-30 HD 400 x 463 29.63
CTL floor option with 50mm concrete over for fire/acoustic 111-20 HD 400 x 744 47.62

Columns for 20-stories option are the same with Level 20-40 in 40 stories option) L01-10 HD 400 x 990 63.36

Columns for 20-story option are the same with Level 20-40 in 40 story option)




The Future Potential of Steel-Timber Hybrid Buildings:

Designs Developed by Structural
Engineering Working Group

20 Stories/Timber Columns (Scenario 5) and 40 Stories/Steel Columns (Scenario 6)

> ® ® ® @ ® i 40 story, steel column building
¥ ¥ ¥ ¥ i single floor, levels 1 thru 10
member size wood fiber steel
count length b d V,total firarea  V/area wtperft totalwt wt/area
—p— S r— A T T O (WPto WP, ft) | (in) {in) (f3) 2)  (ft3/fr2) (plf) (1b) {psf)
5 Panel 6875 | 12404 21650  0.57
g 8eam 80 21875 675 27 2215 21650 010
. Column 104 13375 21650 190 264290 122
== F z 14618 0.68
| i
' ingle floor, lev thr
: member size lwood fiber steel
A { MHH count length b d Vtotal  flrarea  V/area wiperft totalwt wt/area
d | it (WPtowp,ft) | (in) {in) (ft3) (f12) __(ft3/fr2) (plf) (1b) {psf)
Lt Panel 6875 | 12404 T T
Beam 80 21875 6.75 27 215 OO0 O sompn s —_—
| 1 Column 104 13375 o - s [ —y o
5 . p -~ - - -
: ) | single floor, levels 20 thru 30
g member size lwood fiber
count length b d V, total
T OWRfY (in) (in) (f13)
i 6875 | 12404
e == 675 27 2215
14618
= -—T®
» | | | @ | | | | i | | member size wood fiber
HE . L N R I A b d | v
) (in) in) (f13)
6.875 12404
B8 6.75 27 2215
] F Fi g F i K i il H H I 1 F El
H E { { E § { E { g E i ] b E E 14618




The Future Potential of Steel-Timber Hybrid Buildings:

Designs Developed by Structural
Engineering Working Group

20 Stories (Scenario 7) and 40 Stories (Scenario 8)

SCENARIO 7 - SUBDIVIDED - 2

ORIES

COLUMNS BEAMS
i ii Fe . Total Length  Weight . Totallength  Weight
+1 22 (£) (lbs) i) (Ibs)
5 52 W14X61 20 520 31,673 W21Xa4 1,120 43,580 1932233
- = W14%82 20 260 21233 W24X55 640 14080 776,160
W0 220 2,850 257,097
e [ WX 0 520 51,491 Total 2,708,393
8 83 WidX109 40 520 36,622
EH 8¢ Wiaxi e 1,040 137,309
Eg J W14X145 &0 780 113,333
H W14X159 100 1300 206,533 |
: WXIT6 80 1,00 183,314
H Wiaxal 20 520 109,705
H WidX257T 80 1.040 267,540
8 Total 1,436,701

(91) SSXPZM

05 oric

SCENARIO 8 - SUBDIVIDED - 40 STORIES

COLUMNS BEAMS
Total Length  Weight

, WiX61 40 520 31,673 | W2IXA4 2240 87,360 3864467
i WX 20 260 2,233 | W24XSS 1280 28,160 1,552,320
< WX 280 3640 328232 |
8 [ ) 520 51,491 | Total 5416787
£ WIXI09 40 520 662 |
2 Wi 80 1,040 137,309 |
= Wiax1es 100 1,300 188,888 |
H WX159 100 1,300 206583 |
: Wixi7%6_ 80 1,000 183314 |
H WIaX193 40 520 100,504 |
H Wi 60 7 164558 |
y W33 110 1,430 333319 |
El wixes? 160 2,080 535,080 |
Wixss 30 3% 110,546
wiaan 140 1,820 566,045
WiGR 8 1,040 357428 |
Wi3% 8 1,080 41405 |
WIaXa6 40 520 21,18 |
WIXss0 80 1,040 573,300

Total 4581356




The Future Potential of Steel-Timber Hybrid Buildings:

Evaluations and Comparison Being

Conducted
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The Future Potential of Steel-Timber Hybrid Buildings:

Collecting & Processing EPDs

.
. Environmental Environment tal Lo ol
Timber: fu el
Declaration Declaration

73 EPDs ol

TIMBERS

GLOBAL
11,0%

NORTH AMERICA

27.4%
OCEANIA
12,3%
m
NORTH
AMERICA e 8 2 2
EUROPE 9 10 13 4
EUROPE
49,3%
OCEANIA 2 1 6 -
GLOBAL 3 3 1 1

Researchers are still collecting and evaluating more EPDs



The Future Potential of Steel-Timber Hybrid Buildings:

Collecting & Processing EPDs

Steel;
43 EPDs
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Researchers are still collecting and evaluating more EPDs



The Future Potential of Steel-Timber Hybrid Buildings:

Collecting & Processing EPDs

Concrete: e i

Declaration
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Researchers are still collecting and evaluating more EPDs
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Reframed: The Future
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Reframed: The Future of Cities in Wood

Lecture Series
REFRAMED AND RECOVERED: A CONVERSATION WITH THE CURATORS

o — PROGRAMS & EVENTS — REFRAMED AND RECOVERED: A CONVERSATION WITH THE...

TALKING TIMBER: WILL CHICAGO EMBRACE WOODEN HIGH-RISES?

O— PROGRAMS & EVENTS — TALKING TIMBER: WILL CHICAGO EMBRACE WOODEN HIGH-RISES?

TALKING TIMBER DESIGNING FUTURE CITIES IN WOQD

Join us in picturing a future of cities cast in wood. Our panel
of international architects and researchers will unveil
transformative development plans, skyscrapers, and cutting-
edge innovations harnessing mass timber for sustainable

growth.

DATE September 19, 2023
TIME 6:00 pm

PRICE Free, RSVP

MEET Chicago Architecture Center Gand Lecture Hall

and Zoom Virtual Event

REGISTER




Reframed: The Future of Cities in Wood
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Become a
Member of
CTBUH

Lead the Global Urban
Conversation

CTBUH focuses on the inception, design,
construction, and operation of tall buildings
and the urban environment.

CTBUH members shape the future of cities
by:

» Driving Thought Leadership

» Empowering the Industry

* Growing a Global Network

+ Setting Standards for
Excellence

Join Now

ctbuh.org/get-involved
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