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International trends and nuances In the
construction of multi-story timber
buildings

Vittorio Salvadori
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Why building with Timber
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New Materials: Engineered Wood
Products

Source: Pollmeier Source: Pollmeier Source: Sohm Holzbauteknik Source: Maria Laguarda-Mallo

Glulam (1906) LVL (1950) DLT (1978) CLT (1995)
O. Hetzer (Germany) S. Preston (USA) J. Natterer (Germany) K. Moser (Germany) &
G.Schickhofer (Austria)



Why building Multi-storey with Timber
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Research Methodology to create
the largest comparative survey
ever done
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Research Questions

— 1) Where were they built?
— 2) When were they built?

— 3) How were they built?

— 4) Why were they built?

— 5) By whom were they built?

Il

) |
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Previous Comparative Studies

2TV ;
= o
= L ]
w
- ®
£ ‘\ TH.E DEYEI.OPMENT OF A
TALL WOOD
BUILDING
Perkins+Will, Solid Timber CTBUH Audit, Salvadori, Kuzmanovska Wiegand,
2014 Construction 2017 2017 et al., 2018 2019
Report, 2015
N. Case-studies 10 18 49 40 46 49
Status Built Built Built, Idea Built, Idea Built, Idea Built, Idea

Lowest Limit 5Floors None 7 Floors 22 meters 25 meters 7 floors


mailto:ivana.kuzmanovska@sydney.edu.au
mailto:eugenia.gasparri@sydney.edu.au
mailto:david.tapiasmonne@sydney.edu.au
mailto:m.aitchison@sydney.edu.au
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Spottlgasse

Year Completation 2004
] Country s

City Vienna

Number of Storeys
Number Timber Storeys 4

DESIGN DATA

Number of Buildings 1
al sul 5300
of t 57049
Structural
category tin

— 1) Literature Analysis/Data Source
i Existing Comparative Studies e
# Academic Papers ::::x‘:,";m
# "Gray" Literature
# Internet and Site Web Databases . —

— 2) Reserach Criteria

Kulmer Holzleimbau, AT

KLH, AT

# Criterion 1: Definition Multi-story Wood-Hybrid Buildings.

KLH, AT

(Client Sozialbau AG, AT

# Criterion 2: Height (> 4 Floors)
# Criterion 3: Completion Year (2004-2019)

Sozialban AG, Woschitz Group, KLH

— 3) Definition of Quantitative and Qualitative Data to be searched -




General Analysis of the Case-studies
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Where

North America

® .

24 Case-study
Europe

161 Case-study
Other Countries

12 Case-study

City/Number of case-studies

00.....
1 23 4 5 6 6>
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Where - Europe
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S p al N (g ondarribia [5]

Barcellona .
5 - 2 ‘

e

Number of storeys

W O

Panelised
all-timber

Panelised
timber-concrete
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Number of Projects

United Kingdom

Germany

France

Switzerland

Norway

Austria

Sweden

uUs

Ttaly

Canada

Finland

Australia

Spain

Benelux

Others

23
19
19
19
17
16
15
14
13
10
10
9
of Grsenstndies 10 15 20 25
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Canada
] n
Dimensions franee
us
UK*
Sweden
Australia*

Austria*

Germany
Italy
Finland
Others
Benelux

Spain

15 Buenavista
409 m?

Source: b76 Architectura

. Mid-rise

- High-rise

* Some data not verifiable

226796
158519
140000
135368

128274
127116

126792

119889
111480
95631
77883
49282
41080
28820
14549
Square meters 50,000 100,000 150,000 200,000 250,000
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Source: Implenia AG
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Siemens Campu

Erlangen, Deutschland
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Number Buildings 5
Height 5 Floors
Total Surface 75.500 m?
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WIEN I Austria 117 (60%)
. Germany

35
L] Switzerland

Western Europe

When e
30
- France

United Kingdom

25
Southern Europe

Italy

. Spain

20
Northern Europe
Finland
. Norway 15
- Sweden

North America

10
. Canada
. 5
Other Countries
8
. Australia E
53
£ &
- Other EC
z s

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
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Mid- or High-rise?

60

43

40 37

27

N

20

5 6 7 8 9 10 11-24
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Structural Analysis of the Case-
studies
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Structural Categorization TS

— 1) Platform, Post-and-beam, Modular 3D

—  Hurmekoski et al., 2017

— 2) Panel Systems, Frame Systems, Hybrid Systems

—  Green and Taggart, 2018

— 3) Single Material, Composite, Mixed

— Foster et al, 2017, Wiegand, 2019 .

ee— T e
Single Material Building Composite Building Mixed Building
all timber timber-steel or timber-steel or

timber-concrete timber-concrete
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Structural

Categorization

. Timber

. Concrete

.

Panelised

Post-and-beam

3D Modules

All-timber

I
1) All-timber

Timber-concrete

Podium

3) Podium

2) All-timber
and frame

4) Podium and
frame

Core

5) Core

Podium-core

6) Podium and

core

Timber-steel

7)Podium

Timber-concrete-steel

Podium Core Podium-core

N i ELE

8)Podium and  9) Core and
steel rods steel beams

Podlum, core 11) Podium and
and steel core
frame

dHE

I
12) All-timber 4) Podium
/TN -
13) All-timber 15) Podium
with external with external
bracing bracing

29) All-timber

16) Core

17) Podium and
core

il

18) Post-and-
slab podium
and core

30) Podium

31) Core

32) Podium and
core

19) External
ame

1

20) Core and
steel bracing

g

21) Podium 22) Core and 4) Podium, 26) Podium, 28) Podium,
and steel steel brm:mg core and core, an core, and
bracing steel bracing steel rods

3) Core and 5) Podium, 27) Podium
steel beams core, and (steel) and
steel bracing core
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Structural Categorization

6) Podium
and core

1) All-timber
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Structural Categorization

15)Podium
with | 19) External
externa freme

bracing
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Structural Categorization

26 i
)Sé)r(élum, 32)Podium
and ’snoel and core

bracing
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Structural Analysis

B Al-timber

. Timber-concrete (podium)

. Timber-concrete

. Timber-steel

. Timber-concrete-steel
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Structural Analysis

e
o
o 8
s
Y
%))
| &
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=
% 20,8%
)
~— .'
—
=~
//(‘
Panelised all-timber Post.-and-beam
all-timber
Panelised timber-concrete Post-and-beam
(podium) timber-concrete (podium) LA o
0,7%
) ) Post-and-beam 3D modular element
Panelised timber-concrete . . all-timber
timber-concrete

23,0%

— 33,0%
- - 3D modular element
. Panelised timber-steel . Post-and-beam .

42,0%
timber-steel timber-concrete (podium)
. Panelised Post-and-beam

52,0%
. 3D modular element
timber-concrete-steel

63,0%
timber-concrete-steel timber-concrete
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Structural Analysis

3D modular element
all-timber

3D modular element
timber-concrete (podium)

3D modular element
timber-concrete

Panelised all-timber Post.-and-beam
all-timber
Post-and-beam
timber-concrete (podium)

Panelised timber-concrete
(podium)

Panelised timber-concrete . P.ost-and-beam
timber-concrete

. Post-and-beam
timber-steel
Panelised Post-and-beam
timber-concrete-steel timber-concrete-steel

Panelised timber-steel

United Kingdom
Norway

Sweden
Ttaly
Austria
Australia
Spain
Belgium
Taiwan
Germany
France
Swizerland
Canada
USA

New Zealand
Finland
Chile

Netherlands

1"

Number
of Case-studies

10

15

20

25
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‘o

Spain

- | E = = = |3 w= | B g3
o U -— ™ ~ ~ : E c.= :'
B = - > & @ > % 5 2 S | & v=s | 252S
g & g3 | EEs g5< % o S L2 ;g B T | 528
B = = Qs e 3 " = = == = ST N s = o =
= = o~ = i~ T - 50 = e = _°. ,‘_‘ = o™ E = = s = k) E =~
ne..s = hE |FRE|l @S = QE Ens |ERE | &S mRos |w=28E
Residential
Contralaminada 5 5 Panelised all-timber | CLT CLT 940 | - Social Plaster Ceiling
Housing
Hondarribia Panelised Residential
. 5 4 timber-concrete CLT CLT 9000 | - Social Other Ceiling
Visess VPO (podium) Housing
-m |7 e
Panelised
6 5 timber-concrete CLT CLT 1200 | Residential | Metal Ceiling
AR (podium)
mm |7
Panelised Residential
La Borda 7 6 timber-concrete CLT CLT 3000 | - Wood Ceiling
(podium) Co-housin
m-m |7 8
Panelised
15 Buenavista 5 5 4 timber-concrete CLT CLT 409 | Residential | Wood Walls
(podium
% 0 R
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Core

93

47,2%

A 7 CLT . Steel Frame
<IN

- :,\,.‘v‘i”‘ -
A :"“:.4 . LVL None




Australia

12 b

Spain

I United Kingdom

Finland

CO re A

Sweden
Canada
Italy
Benelux
Others
France
Germany

Switzerland
Austria

Us

15

10

19

19

23

Number
of Case-studies

B cir

10 15 20

. Concrete . Steel

None

25
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CLT-Glulam

Floor Slabs

13
6 6.6%

7 3,6%
. 197

146
74,1%

CLT-based . LVL-based

- DLT-based . NLT-based
. Glulam-based . Other
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Floor slabs

[

CLT-Glulam

L

. Glulam

il
Glulam
-concrete

United Kingdom
Spain
Australia
Austria
Sweden
Italy
Germany
Norway
Finland
France
Canada
Benelux
us
Others

Switzerland

23| 23

Number
of Case-studies 10

CLT . DLT . Glulam

. CLT-Concrete . DLT-Concrete ol

-concrete
CLT-Glulam

15 20 25

Mo B v Other

. LVL-Concrete . NLT-Concrete
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2 IR 19

Germany

I Sweden

Switzerland

Typology

Finland

1 3 16

Spain
Benelux

France

Norway

10

Canada

Australia

uUs o 1

Others 1 3

be:
?fi lga\s;-studles 5 10 15 20 25

Mixed use 3 Yok
Student h Senior Livin
. Residential . (Residential-other) - Office . udent housing . iving

. Mixed use Education . Hotel Hospital
- Cohinpaing (Residential-office) . .

. Social housing
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Others
] Spain
Norway 17
Timber Exposure —
p Benelux 5
Austria ‘I -
7 n- | Australia 12
Finland 7 6 10

Number
of Case-studies

- All elements ~ Ceiling - Columns/Beams . Walls . None . n/a

5 10 15 20 25

- Columns/Bea)
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Project Clusters
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Steel edge beam

Fire protection

Skaio
Germany

Slab Edge



Module 2
Module 4

Puukuokka
Finland

cLT
Wall

CLT
Floor slab

Module 1
Module 3
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Module 1

Steel connection
anchored to the
concrete floor

Module 2

e
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Drivers” Analysis
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Commission

Public and
private

Finland
Norway
Austria
Sweden
Germany
Italy
Canada
Australia
Spain
France

Benelux

United Kingdom 23
us
Switzerland
Others
Number
of Case-studies 5 10 15 20 25

. Public Public/Private . Private . n/a



le ..h us /A 14

WIEN Canada 2 10

Finland vl 10
I

Sweden i k8 15
Motivation . g 2
Norway Y 17
Germany | / 3 2 19
Austria Rl 16
France 3 1 19
Spain @ 5
Benelux 2
United Kingdom 7 4 23

19

N
—_

Switzerland 9
Australia 4 yll O

Others 1 - 3

Number

Building erection of Cuceatbiviics 5 10 15 20 25

. Sustainability d
spee

- Technical aspects . n/a . Sustainability . Technical aspects . Building erection speed . n/a
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Architects

112
56,9%

One case-study,

Threetotc'i‘more . mass timber
case-studies experience

Two case-studies One case-study

Norway
United Kingdom
Austria
Australia
Sweden
Germany
Switzerland
Canada

uUs

France
Finland
Spain

Italy
Benelux

Others

6 4 i 17
5 23
8 4 16
4 o 1 9
6 8 15
4 1 19
B 13 19
3 4 10
4 9 14
4 13 19
- 8 10
4 5
1 2 13
5 5
8 1 3
?fuz‘;so;studies 5 10 15 o5 .
L — One case-study,
i B Two case-studies wisss timber Oty iija

experience
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J.Netterer
] DE

Germany

Kaden-
Lager

Architekten

DE
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Engineer (Timber)

41
20,8%

Three or more
case-studies

- Timber supplier

One case-study

. Two case-studies

Canada
United Kingdom
Spain
Australia
uUs

Norway
Austria
Switzerland
Sweden
Finland
Benelux

Italy

Germany
France

Others

4 3 10
15 4 g 1 23
Rl 1 S
P : o
3 4 3 4 14
8 4 4 1 17
9 2 @ 1 16
3 R 6 19
9 3 3 15
3 2 4 10
B3Rl 1 1 S
4 3 6 13
3 4 2 10 19
6 2 11 19
B 3
of Cosouises; B 10 15 20 2
cavesindion Il Tvo case-studies [l TS SIPPIET T One casestudy



Waugh
Thistleton
Architects

UK

Curtain Palace Green House

L (]
T -

(== -
Ellerslie Road

Bacton Low Rise

Woodberry Down
106 Lewis Road



TU i

WIEN

Australia
Norway
Austria

Sweden

General Contractors e

197

108
54,8%

Three or more
case-studies

. Two case-studies

44
22.3%

One case-study

n/a

Finland

France

United Kingdom
us

Germany

Ttaly

Canada
Benelux

Spain

Others

2 9
4 17
6 16
g8l 15
£l 19
81 10
10 2 19
12 3| 23
9 1 14
12 2 19
10 3 13
8 2 10
8l 5
o 5
o 3
of Gesostudies 5 10 15 20 25
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Australia

Cobalt
Place

UK

Trafalgar
Place

UK

Landlease

AU, INT

By

Library
Docks

AU

T
- TR
= ,, 19,. st

Kambrl Accomod.

o .
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Veidekke
NO

Serhauggate

0

Stora Enso

FI, SE KJ{ )
>

udentboliger Remmen
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Kringsja sudentby
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WIEN

Canada 3 1| 10

I Australia 1 9
. Spain
Timber Contractors =
Switzerland
Sweden
Austria
Italy
Norway
Germany
uUsS
Benelux

Finland

Others

Number 10

of Case-studies

Three or more 15 20

case-studies

Three or more .
< Two case-studies One case-study n/a
. Two case-studies n/a case-studies /

One case-study




Mjostdrnet

Moelven
NO

= ~ i

Vallen
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Switzerland

SEmE EE
Y = R

Shigeru
Ban
Architects
JP

Blumer-

Lehmann

CH

Badenerstrasse

Omega Factory
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Austria

BMW Alp

Source: Kaufmann Bausysteme

Kaufmann
Bausysteme
AT

Merz Kley
Partners
AT

Woodie
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Finland

Urban Concept =4 S Lakea Oy
(2012-2017) Sl Fl

Stora Enso
FI, SE

Lakea
Sydanpuu
s.2018




Local vs foreign timber suppliers Country or maerc=negion
g PP in which EWPs were produced
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Who supplied
the timber?

. Sourthern Europe . Other

n/a

. Locally supplied . Finland/Sweden . Austria
. Other . Central Europe

n/a . Western Europe
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Austria
Switzerland
Finland
Canada
France
Germany
Sweden

Italy

‘o

US

17
Norway

17
Benelux
Others

Spain

Australia

»

United
Kingdom F

23

Number
of Case-studies

Number
of Case-studies

5 10 15 20

. Locally supplied . Austria - Italy . Finland . Latvia
S. Structural elements - Germany . Spain - Finland /Sweden .
F. Floor slabs . Norway . n/a

Canada

25
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Conclusions
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Martinsons @

Europe

Lakea Oy
Woodcon @ Moelven

A @ Stora Enso
Veidekke @ @ Palisaden

® Vixjo
(— Kaden-Lager
Stadthaus Hackney Architekten
Waugh Thistlenton
Architects Eurban Hermann Kaufmann
Vienna
Woschitz Group
Blumer Lehmann .\ -
® Austrian EWPs manufactueres
Cenni Cambiamento @ Merz Klay
Kaufmann Bausysteme
Prevalent strucutral system Main players
SRS
Panelised - Post-and-beam . Architect . Contractor ;;T“)l‘;.:cmor" . City

[' Both panelised and
! post-and-beam

:]' 3D modular elements . Engineer . Case-study Client
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T

North America

bk l’

Equilibrium
Nordic Structures
Prevalent strucutral system Main players
7 Panciised B postandobeam @ Architect @ Contractor i
oy . 3D modular elements @ Engincor @ Casestudy ® Client
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Other Countries

Prevalent strucutral system

Panelised Post-and-beam
Both panelised and

post-and-beam 3D modular elements

Main players
. Architect

. Enginecer

. Contractor

. Case-study

Timber
manufactuerer

Client

® ciy

® Lendlease

LVL+
post-tensioned
steel system
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Conclusions

— 1) National Differences in the Design of Multi-story
Timber Buildings and existence of design Clusters

— 2) Trends: hybrid timber-concrete structures and CLT

— 3) Role of designers, contractors and suppliers is
Important

— 4) Timber as construction material: Global and Local

— b) Future: Prefabrication and Made to Measure
Assembly
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Gracias.

Vittorio Salvadori

vittorio.salvadori@creebuildings.com
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