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Abstract

Purpose – This study examined data from 13 international tall residential timber building case studies to
increase our understanding of the emerging global trends.
Design/methodology/approach – Data were collected through literature surveys and case studies to
examine the architectural, structural and constructional points of view to contribute to knowledge about the
increasing high-rise timber constructions globally.
Findings – The main findings of this study indicated that: (1) central cores were the most preferred type 10 of
core arrangements; (2) frequent use of prismatic forms with rectilinear plans and regular extrusions were
identified; (3) the floor-to-floor heights range between 2.81 and 3.30 mwith an average of 3m; (4) the dominance
of massive timber use over hybrid construction was observed; (5) the most used structural system was the
shear wall system; (6) generally, fire resistance in primary and secondary structural elements exceeded the
minimumvalues specified in the building codes; (7) the reference sound insulation values used for airborne and
impact sounds had an average of 50 and 56 dB, respectively.
Originality/value –There is no study in the literature that comprehensively examines the main architectural
and structural design considerations of contemporary tall residential timber buildings.
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Structural and architectural design considerations, Constructional aspects
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Introduction
Due to their compact land use and density, tall buildings could be one of the most sustainable
solutions to grapple with rapid population growth and expansive urban sprawl (e.g. Gerges
et al., 2017; Opoku, 2019). Timber is considered to be one of our best allies in solving the
climate crisis, owing to its potential environmental-friendly features, e.g. low carbon
emissions in processing and carbon sequestration, and is at the forefront of addressing
European climate policy.

Engineered wood products (EWPs) specifically are increasingly being used as structural
materials toward sustainable construction (Karjalainen and Ilgın, 2021). Mass timber
products are also EWPs, usually laminated from smaller boards or lamella into larger
structural components, with excellent load-bearing properties and hence make it possible to
build more complex timber structures (Harte, 2017). Global production of mass timber panels
is estimated tomore than double by 2025 compared to 2019 (when productionwas 1.44million
m3) (UNECE, 2019–2020). Cross-laminated timber (CLT) dominates this production volume; it
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is a prefabricated multi-layer EWP, manufactured from at least three layers of boards by
gluing their surfaces together with an adhesive under pressure. In addition to CLT, other
EWPs used in building construction are laminated veneer lumber (LVL), which is made by
bonding together thin vertical softwood veneers with their grain parallel to the longitudinal
axis of the section, under heat and pressure; glue-laminated timber/glulam (GL) is made by
gluing together several graded timber laminationswith their grain parallel to the longitudinal
axis of the section, and parallel strand lumber (PSL), which is made by cutting long thin
strands from timber veneers.

EWPs such as CLT, for example, are being utilized in progressively demanding
applications to meet the challenge of sustainable construction, and this is made possible by
worldwide intensive research and development since its launch in the 1990s (e.g. Karjalainen
et al., 2021). Themany advantages of CLT include its low carbon and high thermal insulation,
its excellent in-plane and out-of-plane strength, high strength-to-weight ratio and its stability,
which has allowed large-scale and taller buildings to be erected (e.g. Tulonen et al., 2021).
Thus, improvements in the manufacturing of EWPs as well as advances in connection
systems have significantly contributed to the advanced structural performance and allowed
timber to achieve great heights to rival steel and concrete.

Multistorey and tall timber buildings are a new promising industry with a high capacity
for supporting the bioeconomy (Ilgın et al., 2021a). Besides its potential in accomplishing
significant ecological and economic life cycle benefits, it can contribute to social sustainability
both within primary production and processing of materials, such as in wood-based value-
chains.

The aim of this paper is to identify, collate and consolidate the information about
contemporary tall residential timber buildings from the main architectural, structural and
constructional points of view to increase understanding about the design and construction of
tall buildings, with a specific focus on residential buildings.

To achieve this goal, information was gathered from 13 tall residential timber buildings
with completed status. At the time of writing, these 13 case studies were the complete number
of existing residential timber buildings over 8 storeys in the world.

The scope of the study was limited by the obtainable data and uses four main points to
identify emerging trends in tall residential timber construction: General information
(building name, location – country and city, height, number of storeys, number of
residential units and construction period), architectural design considerations (building
form, core type and floor-to-floor-height), structural design considerations (structural
system and structural material) and constructional aspects (gross floor area, total
construction cost, construction cost per m2 and the amount of timber). Additionally,
information about the fire resistance of the main and secondary structural elements, and
sound insulation values (airborne and impact sounds) for multistorey housing by country is
provided in this study. Despite an in-depth literature survey and correspondence with
companies involved in the projects, some important information (e.g. owner and/or user
evaluations) was not available, which could otherwise have further contributed to the value
of the study. It is also recognized that social issues play a role in the long-term feasibility
and sustainability of tall residential buildings (Gifford, 2007); however, this was not the
focus of this paper.

By revealing these up-to-date characteristics of contemporary tall residential timber
buildings, it is believed that this research will contribute to assisting and guiding
architects in the design and implementation of future tall residential timber building
projects. This study offers an introductory overview of considerations that are important
to the design of tall residential timber buildings, most of which were built with CLT (see
Table 5).
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Potential benefits of timber compared to other building materials
Globally, for more than a century steel and concrete have been the default structural
material for the design and construction of tall buildings. Nevertheless, timber has
typically been utilized in single and multi-residential construction projects for many
centuries all over the world. There is much research from different perspectives about the
benefits of wood over non-wood substitutes such as steel and concrete, a summary is
provided below.

While concrete production accounts for about 8% of world CO2 emissions, timber
construction represents a lower embodied energy consumption compared to the
production of steel and concrete (Andrew, 2018). The buildings using steel and
concrete embody and consume 12 and 20% more energy than timber buildings,
respectively (CWC, 2007). For example, the global warming potential of the 10-storey
Fort�e building (Case 10 – see Table 1) constructed with CLT panel is 22% lower than a
similar reference building with reinforced concrete due to the latter having a higher
embodied energy impact and also higher operational energy use (Durlinger et al., 2013).
The Fort�e CLT building has lower embodied carbon and uses less energy during the in-
use phase, due to decreased electricity use in heating and cooling, and decreased natural
gas use for the hot water supply (see Figure 1). Other studies found that embodied carbon
can contribute up to 80% of a residential building’s total life cycle emissions (Chastas
et al., 2018), and the selection of the structural material has a considerable effect on the
embodied carbon.

By using bio-based materials with high carbon storage capacities, such as wood
technologies and construction assemblies, a man-made global carbon sink can be created,
while also reducing CO2 emissions associated with construction industry activities.

Additionally, in both manufacturing and on-site construction, steel and concrete
buildings use 7 and 50% more resources while generating 6 and 16% more solid waste
than wood (CWC, 2007). Furthermore, steel and concrete buildings release 10 and 12%
more air pollution and discharge 3 and 2.25 times more water pollution, respectively (CWC,
2007). In concrete and steel construction, the associated embodied carbon emissions are
largest at the design and construction stages (i.e. “upfront carbon”); some of this impact
can be reduced if the components can be reclaimed and reused at the end of life. The
significantly reduced embodied carbon for timber at the design and construction stages,
especially when taking carbon sequestration into account, can be jeopardized if all of the
sequestered carbon is released at the end of life if the building is demolished and if no
opportunities exist for reuse or reclamation. For example, Hart et al. (2021) compared
timber frames with steel and concrete frames for whole-life embodied carbon in
multistorey buildings and found that the use of timber could provide a reduction of 48
and 19%, respectively, compared to steel and concrete.

The Timber Tower Research Project by Skidmore, Owings and Merrill LLP (Johnson and
Horos, 2014), included an alternative structural system with timber (referred to as “concrete
jointed timber frame”) for a 42-storey high “The Plaza on Dewitt” in Chicago to enable a
carbon footprint comparison. As expected, the research highlighted that the embodied carbon
footprint of the timber structure was substantially lower (60–75%) than that of the concrete
benchmark building.

Similarly, a feasibility study by Cary Kopczynski and Company (2018) compared CLT
and in situ cast concrete structural systems for buildings with 10-storey in the United
States and highlighted that the carbon footprint of CLT is noticeably lower than that of the
concrete frame. However, the cost of a CLT structural frame is slightly higher than that of a
competing in situ cast concrete structure. Nevertheless, with time, CLT is expected to
become more cost-effective if availability, competition and contractors’ familiarity rise –
also confirmed by Mallo et al. (2015). For example, Thomas and Ding (2018) compared
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timber building envelopes with conventional brick and concrete when construction is
designed with equivalent thermal performance. The study by Mallo et al. (2015) revealed
that both life cycle energy and the time of construction can create considerable differences
in cost but only marginal differences between the cost of wood and heavy material
construction.

Greater cost implications were noted by Dunn (2015) who compared wood, concrete and
steel construction, including material and construction costs for four different types of
building: a 7-storey building, an 8-storey apartment complex, a 2-storey aged care facility
and a single industrial structure. Each of the building types was independently evaluated
for all material costs, installation, construction costs and delivery to the project location in
Sydney, Australia. For all four cases, timber construction was found to be less expensive

Building name & 
image Country City Height # of 

stories
# of residential 

units
Construction 

period
1

Norway Brumunddal 85m 18 39
Apr. 2017 -

Mar. 2019

2

Austria Vienna 84m 24 24
Oct. 2016 -

Feb. 2019

H
oH

o

3

Canada Vancouver 58m 18
404-bed student 

residence

Oct. 2015 -

May 2017

sno
m

mo
C

kcor
B

e su o
H

doo
w lla

T

4

Norway Bergen 49m 14 62
Apr. 2014 -

Dec. 2015

T
re

et

Table 1.
International tall
residential timber
buildings

IJBPA



5

Finland Joensuu 48m 14
117 student 

apartments

June 2018 -

Aug. 2019

uusneoJ
esuohthgi

L

6

Canada Quebec 41m 13 92
June 2016 -

Oct. 2017

O
ri

gi
ne

7

UK London 36m 10 235
Oct. 2013 -

Jan. 2015

ecalP
raglafar

T

8

UK London 34m 10 49
Mar. 2013 -

May 2015

T
he

 C
ub

e
) ssor

C
kcoln e

W(

9 UK London 34m 10 121 Jan. 2015 -

June 2017

en a
L

notsl a
D Table 1.

Emerging
global trends



within a range of about 2–14% compared to non-timber constructions. Moreover, Smyth
(2018) underlined the fact that timber is more cost-effective for taller buildings than
low-rise buildings. Furthermore, Mallo and Espinoza (2016) studied the market obstacles
of extensive CLT adoption in the United States related to the economic performance of
CLT compared to concrete and steel. They found that CLT would signify a cost reduction
of up to 22% in the cost of the structure, depending on the extent to which CLT is used in
the building and the manufacturer selected. Additionally, construction time is reduced by
almost 60%.

Hence, due to its considerably lower environmental and carbon footprint as well as its
potential cost-effectiveness compared to non-wood traditional materials, timber construction
with technological advances has started to be considered for tall building utilization.
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Particularly, the emergence of CLT over the last 2 decades has provided a feasible alternative
to non-timber construction.

Tall timber building literature survey
Due to the ever-growing interest in timber structural systems combined with the substantial
progress in the construction market, much research has been conducted about the
technological, ecological, social and economic aspects of EWPs in the various types of
building solutions (e.g. Ilgın et al., 2022; Rinne et al., 2022). However, there is an extremely
limited number of studies focused on global trends and typologies regarding the architectural
and structural design considerations of tall timber buildings, with exception of Kuzmanovska
et al. (2018). The following literature review examines case study-based research involving
architectural and structural design aspects of tall timber buildings.

Kuzmanovska et al. (2018) surveyed emerging trends for tall timber practices in terms of
structure, envelope and architectural massing. They examined 46 residential and non-
residential multistorey buildings particularly concerned with their spatial and aesthetic
features. These mainly include structural systems, envelope systems and fabrication
methods. Some of the important key findings were (1) increased use of post and beam
structures with CLT slab floors, (2) decreased use of load-bearing external walls and
(3) dominance of rectilinear plans and regular extrusions.

Tup_enait_e et al. (2020) reviewed and compared the tallest contemporary timber buildings
in terms of economic and environmental efficiency. This indicated that higher timber
buildings are more efficient both economically and environmentally due to the utilization of
lightweight modern EWPs. Additionally, the prefabrication of elements decreases the
duration and cost of the project.

Figure 1.
Global warming
potential for the

reinforce concrete
building and Fort�e
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Salvadori (2017) covered 40 completed and proposed case studies (7-storey and over) with
their structural system and structural material, façade system and some fire safety strategies.
In the study, the main goal was to compare an alternative mass timber structure with a
similar concrete one. Rather than the technological obstacles for realizing taller timber
buildings, public acceptance of wood was highlighted as an obstacle.

Smith et al. (2015) found that speed, weather versatility, rawmaterial and carbon reduction
were the main advantages of off-site solid timber production with knowledge and labor,
logistics, planning, acoustics and vibration as the main disadvantages. PerkinsþWill (2014)
conducted a survey with 10 timber case studies of 5 or more storeys. In conjunction with the
above-mentioned survey, Holt and Wardle’s (2014) research summarizes the market context
and rationale for the use of timber in high-rise applications. Findings highlight that timber for
taller buildings is a viable construction method with the potential to significantly contribute
to reducing the negative effects of buildings on the environment. However, design and
construction techniques are still being developed to meet the different building code
requirements, market demands and expectations, and different climatic conditions.
Additionally, survey respondents highlighted a gap in the market perception of solid
wood construction, particularly regarding fire safety and durability. Emphasis was placed on
the importance of market research and education to increase familiarity with the qualities of
massive wood and the quality of space achievable with wood to advance timber construction
practices.

The environmental benefits of using timber in tall building construction include CO2

reductions by approximately 50,000 tons for a 43-storey tall CLT-walled building with a
concrete core and outriggers that comply with Chinese wind loading regulations (Kuilen et al.,
2011).To compare the impact of climate change, Skullestad et al. (2016) analyzed the potential to
reduce greenhouse gas emissions from the construction industry by replacing multistorey
concrete building structures with timber structures and compared the life cycle assessment for
four buildings with 3- to 21-storeys. Findings indicate that timber structures had a 34–84%
reduced climate change impact compared to concrete structures. Moreover, Li et al. (2019)
explored the potential benefits and limitations of using timber to construct a tall building in
Australia, using a hypothetical 43-storey building as the basemodel. The study highlighted the
environmental benefits such as embodied carbon when using timber in tall buildings.

Research methods
The study was conducted through a literature survey including the Council of Tall Building
and Urban Habitat (CTBUH) database (CTBUH, 2022), peer-reviewed-research, MSc theses
and PhD dissertations, official/governmental documents and reports, conference
proceedings, fact sheets, architectural and structural magazines, related standards and
building codes, Internet sources as well as photographs and videos.

Furthermore, case studies were used to identify, collate and consolidate the information
about contemporary tall residential timber buildings to understand and analyze the
architectural, structural and constructional points of view. The cases were 13 tall residential
timber buildings from the last decade to present, in a variety of countries (10 from Europe – 4
from the UK, 3 from Norway, 3 from Finland, Austria and Italy; 2 from Canada and 1 from
Australia). In addition to their residential use, some were multi-functional developments:
Mjøst�arnet (Case 1 – seeTable 1) andHoHo (Case 2 – seeTable 1) also had hotel and office use,
andThe Cube (Case 8 – see Table 1) included office use. At the time of writing, these 13 cases
were the only existing residential timber buildingswith over 8 storeys all over theworld, with
sufficient detailed information available for this study (see Table 1). Note that the 10-storey
and 31 m high Lagerhuset was excluded from this study since it is a retrofitted residential
building, originally built as a grain silo, and there was a lack of data to assess all its
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architectural, structural and constructional features to include in the study. Another
limitation was the lack of access to detailed information, including in-use data, hence not
enabling a more in-depth study of the cases. For this study, architectural and structural
design offices, contractors, developers and estate owners were contacted by email to obtain
case study data.

Regarding the definition of tall buildings, there is still no global consensus on the height or
number of storeys for tall buildings and the definition of “tall” for timber buildings is still
debatable. According to Smith and Frangi (2008), tall timber buildings can be defined as
timber buildings of nearly 10-storey with an upper limit of 20-storey; while the Wood
Solutions Technical Design Guide (2017) defines mass timber high-rise as the buildings with
an effective height of 25 m or more above the ground line, or, where this information is not
available, buildings of over 8 storeys. As such, in this research, “tall timber building” is
defined as a structure withmore than 8 storeys. Moreover, this height limitation is the current
maximum allowable height for the “P2 class” solution for wood construction in some
European countries such as Finland (The National Building Code of Finland, 2017).
Historically, “fire” has played an important role in the technical definition of “building
tallness” as a basic height limit such as in North America and elsewhere (Calder et al., 2014).
Additionally, according to the CTBUH, buildings of 300 m’ height and above are classified as
“supertall buildings” (CTBUH, 2022).

While lightweight timber-frame multistorey housing up to 4- or 5-storey is more common
in many areas of the world; this research covers only tall residential timber buildings (over 8
storeys), where the load-bearing structure is for the most part made of wood or wood-based
products. This includes both post-beam construction (rigid frame or shear walled frame
systems – see Figure 4d), and panelized or honeycomb construction (shear wall systems – see
Figure 4c).

Findings
Main architectural design considerations
This section presents an analysis of architectural design considerations for the 13 tall
residential timber case study buildings. These considerations include:

(1) Core planning (i.e. stair configuration)

(2) Building form

(3) Floor-to-floor height

These three parameters are focused on because they are essential architectural parameters in
tall building design; their analyses are discussed in detail below.

Core planning. Core planning, i.e. the vertical lift and staircase location and organization, is
an essential architectural parameter of tall buildings. The authors employed the core
classification of Ilgın (2021) as depicted in Figure 2.

As highlighted in Table 2, the central core arrangement was the most common circulation
arrangement with nine cases, while peripheral cores occurred in the remaining four cases.
The advantages of a central core are considerations such as structural contribution,
compactness, enabling of openness of the spaces on the exterior façade for light and views,
and better safety performance for fire escape, which may have helped this typology’s
dominant occurrence. On the other hand, low efficiency in space use due to longer circulation
paths and challenging fire escape distances are drawbacks of peripheral core configurations.
This is a similar weakness in external core configurations that were never used for tall
residential timber (Ilgın, 2018). The requirement of additional fire safety cautions (owing to its
potential for allowance of fire spread by the chimney effect), as well as poor space efficiency,
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are major disadvantages of the atrium core, which may have contributed to its absence in the
case studies.

Building form. Among the architectural design considerations of tall buildings, building
form is also a significant parameter. The following classification by Ilgın and Gunel (2021)
was utilized for the classification of the 13 cases (Figure 3):

Building name Core type

Mjøst�arnet Peripheral
HoHo Central
Brock Commons Tallwood House Peripheral
Treet Peripheral
Lighthouse Joensuu Central
Origine Central
Trafalgar Place Peripheral
The Cube Central
Dalston Lane Central
Forte Central
Stadthaus Central
Moholt 50I50 Central
Via Cenni Central

Figure 2.
Core arrangement
classification for tall
buildings

Table 2.
Tall timber residential
buildings by core
planning
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Using the above-mentioned morphological classification, prismatic forms were most
prevalent, occurring in 10 cases (Table 3), and the remaining three cases were free forms.
Although when designed and constructed properly, timber has very few structural

Prismatic forms
(square, rectangular, or more 

complex plan shapes that 

continue unchanged throughout 

the building height)

Setback forms
(buildings with recessed

horizontal sections through

the height of the building)

Tapered forms
(buildings with tapering effect

by reduced floor plans and surface 

areas through the height into either

linear or non-linear profiles)

Twisted forms
(buildings with progressively

rotating floors or façade as they

multiply upward along an axis

by inputting a twist angle)

Leaning/tilted forms
(buildings with inclined form)

Free forms
(buildings which are not in

the before mentioned forms)

Building name Building form

Mjøst�arnet Prismatic
HoHo Prismatic
Brock Commons Tallwood House Prismatic
Treet Prismatic
Lighthouse Joensuu Prismatic
Origine Free
Trafalgar Place Prismatic
The Cube Free
Dalston Lane Prismatic
Forte Prismatic
Stadthaus Prismatic
Moholt 50I50 Prismatic
Via Cenni Free

Figure 3.
Tall building forms

Table 3.
Tall timber residential

buildings by
building form
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limitations and its properties make more complicated structures possible today. The reason
behind the prevalence of prismatic forms could be the ease of workmanship compared to the
complex forms, practicality, and allowing effective use of interior space (particularly, for
rectangular plans).

Floor-to-floor height. Floor-to-floor height is also an important architectural design
consideration in tall timber buildings. It is defined as the sum of the required ceiling height,
the depth of the structural floor system and the depth of the space required for
accommodating the horizontal mechanical and electrical services. Floor-to-ceiling height is
the distance between the room’s finished floor and finished ceiling. Ali and Armstrong (1995)
suggested floor-to-ceiling heights of 2.4–2.7 m for residential functions, regardless of country
or region, and in “Tall Buildings Statement of London” (2018) the floor-to-floor height of
residential functions is defined as 3.2 m, reflecting the need for services and structural
systems.

Floor-to-floor height has an influence on the overall building economics because of
extra cost for many items such as the external glazed curtain walls, interior partition

Rigid frame systems
(Composed of beams and columns)

Core systems
(Composed of a core, running

continuously throughout the 

height of the building as a main

vertical structural element)

Shear wall systems
(Composed of perforated

or solid shear walls)

(a) (b) (c)
Shear-frame system

(Composed of shear wall/truss

and frame) with the subgroups

‘shear trussed frame’ and ‘shear

walled frame’

Mega core system
(Composed of a mega core with

much larger cross-sections than

usual, running continuously

throughout the height of the 

building as a main vertical 

structural element)

Mega column system
(Composed of mega columns

and/or shear walls with much

larger cross-sections than usual,

running continuously throughout

the height of the building as main

vertical structural elements)

(d) (e) (f)

Figure 4.
Tall building structural
systems
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height, insulation quantity, vertical pipes and conduits. It also affects foundations due to
the extra load of added height, since a small difference in this height, when multiplied by
the number of floors, can have a major effect on the building’s exterior as well as its
structure and thus, its total cost. According to the analyzed tall residential timber
building case studies, the floor-to-floor heights range between 2.81 and 3.30 m with an
average of 3 m, where the 3.8 m high Mjøst�arnet was excluded because it was an outlier
(see Table 4). Only two cases met or exceeded the 3.2 m suggested by the Tall Buildings
Statement of London (2018).

Building name Floor-to-floor height

Mjøst�arnet 3.8 m
HoHo 3.3 m
Brock Commons Tallwood House 2.81 m
Treet 3 m
Lighthouse Joensuu 3.15 m
Origine 3 m
Trafalgar Place 3 m
The Cube 2.94 m
Dalston Lane 3 m
Forte 3 m
Stadthaus Not available
Moholt 50I50 2.96 m
Via Cenni 3.15 m

Building name
# of
stories

Structural
material

Structural system
(lateral load
resistance) Structural description

Mjøst�arnet 18 Timber Trussed-tube Nonstructural core: CLT
Column: GL
Exterior braces: GL

HoHo 24 Composite Shear walled
frame

Core: Reinforced concrete
Column: GL

Brock Commons
Tallwood House

18 Composite Shear walled
frame

Core: Reinforced concrete
Column: GL and PSL

Treet 14 Timber Trussed-tube Nonstructural core: CLT
Exterior braces, belt,
outrigger: GL

Lighthouse Joensuu 14 Timber Shear wall (Core) shear wall: LVL
Origine 13 Timber Shear wall Core and shear walls: CLT
Trafalgar Place 10 Timber Shear wall Core and shear walls: CLT
The Cube
(Wenlock Cross)

10 Composite Shear walled
frame

Core: Reinforced concrete
Column: Steel and CLT

Dalston Lane 10 Timber Shear wall Core and shear walls: CLT
Forte 10 Timber Shear wall Core and shear walls: CLT
Stadthaus
(Murray Grove)

9 Timber Shear wall Core and shear walls: CLT

Moholt 50I50 9 Timber Shear wall Core and shear walls: CLT
Via Cenni 9 Timber Shear wall Core and shear walls: CLT

Note(s): “CLT” indicates cross-laminated timber; “GL” indicates glue-laminated timber; “PSL” indicates
parallel strand lumber

Table 4.
Tall timber residential
buildings by floor-to-

floor height

Table 5.
Tall timber residential
buildings by structural
material and structural

system
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Main structural design considerations
This section presents an analysis of structural design considerations for the 13 tall timber
case studies. These considerations include:

(1) Structural materials

(2) Structural systems

These two parameters are focused on as they are essential structural parameters in tall
building design (Ilgın et al., 2021b).

Structural materials. Structural materials can be divided into four main categories for tall
building construction:

(1) Steel

(2) Reinforced concrete

(3) Timber

(4) Composite/hybrid (either structural member or cross-section based)

This study takes into account the main structural elements: columns, beams, shear trusses,
shear walls and outriggers, which are lateral extensions of the core shear truss/shear wall to
the perimeter columns in the form of a knee; floor slabs are excluded. This study uses the term
“composite” or “hybrid” construction for buildings in which some structural elements are
made of reinforced concrete and other structural elements are made of timber (structural
member-based); or those in which some structural elements are made of both structural steel
and concrete together (cross-section based), or both.

In terms of structural material, for residential timber buildings, CLT is themost commonly
used structural material in the 13 case studies (Table 5). This might be explained by
composite/hybrid solutions that necessitate additional contractors and staff on-site and
increased coordination for the interfaces betweenmaterials (WTA, 2018), though they benefit
from the combination of the advantages of different materials. Hence, the selection of these
material combinations can be a critical issue because of the risk of adverse effects on the
timeline, which is an advantage related to timber-frame structures such as CLT.

Where composite/hybrid structures were used, reinforced concrete was most common in
all three cases. Additionally, in all case studies, the ground floor was made of reinforced
concrete (also called concrete podium), and three of them used a reinforced concrete core.
The concrete podium structure has many benefits, such as housing amenities and services at
ground level, providing high clearances in public spaces and large openings, and generating
fireproof areas for large mechanical and electrical services and equipment (Harte, 2017).
On the other hand, the reason behind the use of the concrete in the core could be: (1) to provide
most of the lateral stiffness and strength of the structure, (2) to benefit from concrete’s natural
resistance to fire, (3) to take advantage of its superiority in dampeningwind-induced building
sway as one of the problems frequently encountered in tall buildings (Gunel and Ilgın, 2014a).
It was also found to simplify the project approval in the case of Brock Commons Tallwood
House (Case 3 – see Table 1) (Naturallywood, 2020): due to the use of concrete cores,
regulatory approval was swift because concrete cores are among the typical features in
standard high-rise buildings, for all materials. Moreover, in this case study, the fire escape
stairs are locatedwithin the concrete cores and are therefore of non-combustible construction.

Tall building structural systems. For lateral bracing of tall buildings, i.e. wind and
earthquake loads, many structural systems and classifications are used in practice, and
discussed in the literature (e.g. Kuzmanovska et al., 2018). The authors utilized the structural
system classification of Ilgın et al. (2021b) due to its comprehensive nature (see Figure 4).
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On the other hand, considering outrigger frame, tube (framed-tube, diagrid-framed-tube,
trussed-tube and bundled-tube) and buttressed core systems are efficiently and economically
used in supertall buildings (≥300 m) rather than tall buildings; hence, these structural
systems were not included in Figure 4.

As highlighted in Figure 4c, the shear wall system was predominantly utilized, occurring
in eight cases. The reasons behind this prevalence might be the advantages of shear wall
systems such as the speed of construction, compatibility for prefabrication techniques,
efficiency and sufficient stiffness to resist lateral loads in buildings of up to about 35-storey
(Gunel and Ilgın, 2014b). Moreover, in these systems, all walls, floor slabs and elevator hubs
are made of solid timber, so they act together like a honeycomb, creating cellular spaces by
providing a very stable and efficient structure as in the case of Stadthaus (Case 11 – see
Table 1). Due to the nature of the cantilever behavior of shear wall systems, the inter-storey
drift between adjacent floors is greater on the upper storeys than on the storeys below,
regardless of building material. On the other hand, in rigid frame systems, the inter-storey
drift between adjacent storeys is higher in the lower storeys. However, in shear frame
systems (i.e. shear trussed frame and shear walled frame systems), the disadvantages of rigid
frame compared with shear truss or wall, and of shear truss or wall compared with rigid
frame, are compensated for by one another in a systemwhere they are used together. In these
cases, the frame contributes to the shear truss or wall in the upper storeys, while the shear
truss or wall contributes to the frame in the lower storeys. In this way, shear-frame systems
exhibit a very effective behavior against lateral loads by giving the structure a greater
stiffness than a system of “shear wall” or “rigid frame” acting alone as in the cases of HoHo
(Case 2) and Brock Commons Tallwood House (Case 3) – see Table 1. In addition, mega core
and mega column systems efficiently and economically provide sufficient stiffness to resist
wind and earthquake-induced lateral loads in buildings of more than 40 storeys (Gunel and
Ilgın, 2014b).

In taller buildings, it is difficult to control the building sway that affects both the structural
safety and the serviceability of a building. Regardless of material type, building sway could
become a serious challenge for designers to enable comfortable use by building occupants,
and particularly during windstorms, it is necessary to keep it within acceptable limits,
especially to reduce the discomfort felt by occupants on the top floors. Furthermore, all
contemporary tall buildings including tall timber towers are lighter than their predecessors.
Hence, they are more prone to lateral drift with low damping, and wind-induced building
sway has become one of the most important problems in their design. In tall buildings, which
can be described as vertical cantilever beams, themaximum lateral top drift caused by lateral
loads is expected to be approximately 1/500 of the building height (Gunel and Ilgın, 2014b).

Main constructional aspects
This section covers the case study data related to constructional aspects including the
amount and type of timber, total construction cost, construction cost per m2, fire resistance of
main and secondary structural elements, and sound insulation values (airborne and impact
sounds) as the minimum requirements for multistorey housing by country as summarized in
Table 6.

The average gross floor area of all 13 cases was 11,780m2, with 2,750 m2 as the lowest and
25,000 m2 as the highest (see Table 6). The average construction cost per m2 of the 13 cases
was 2,430V. Because information about “total construction cost” and correspondingly
“construction cost per m2” is defined taking different boundaries into account, it seems
exceedingly difficult to provide a comparable value among tall residential timber buildings.
While the limited available case study data did not enable a case-by-case investigation to
understand the reasons for the different CLT costs, several parameters such as material
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transportation, domestic production, insurance and the overall cost of the finished product (of
which CLT is one component) is likely to have contributed to price fluctuations (Smyth, 2018).

By taking into consideration the fire regulations of different countries, themain load-bearing
elements were generally designed to withstand up to 120 min of fire, while 90 min could be
taken as the median for secondary load-bearing elements (see Table 6), though some structures
are less than that. From the sample, it seems that additional measures were often included
especially in primary and secondary structural elements to exceed the minimum building code
values, as was the case for the Forte and Lighthouse Joensuu case study buildings.

According to the different building codes of the countries where the cases were constructed,
sound insulation values for airborne and impact sounds ranged between 45–55 dBand 47–63 dB
with an average of 50 and 56 dB, respectively. Notably, there were significant differences
between some countries. For example, in termsof impact sound range, Canada has amuch lower
limit (≤47 dB) compared to Italy (≤63 dB).

Building name
Gross floor
area

Total construction
costa and cost per m2 Amount of timberb

Fire resistance
(in minute)

Airborne and
impact sounds
(dB)

Mjøst�arnet
(Norway)

11,300 m2 V44.4 M
3,930 V/m2*

2,600 m3/
GL(Structural
timber)

MLB:120 min
SLB:90 min

≥55
≤53

HoHo
(Austria)

25,000 m2 V65 M
2,600 V/m2*

4,350 m3

(entire
construction)

MLB:90 min
SLB:90 min

≥55
≤48

Brock Commons
Tallwood House
(Canada)

15,115 m2 V44 M
2,905 V/m2

1,973 m3/CLT
260 m3/GL-PSL

MLB:60–120 min
SLB:120 min

≥50
≤47

Treet
(Norway)

7,140 m2 V22 M
3,080 V/m2*

550 m3/GL
385 m3/CLT

MLB:90 min
SLB:60 min

≥55
≤53

Lighthouse Joensuu
(Finland)

5,935 m2 V10.9 M
1,836 V/m2*

2,000 m3

(entire
construction)

MLB:90 min
SLB:90 min

≥55
≤53

Origine
(Canada)

13,124 m2 V21.4 M
1,630 V/m2*

3,111 m3

(mass timber)
MLB:120 min
SLB:120 min

≥50
≤47

Trafalgar Place (UK) 16,661 m2 V60.5 M
3,630 V/m2*

750 m3

(timber volume)
MLB:60 min
SLB:60 min

≥45
≤62

The Cube
(UK)

6,750 m2 V115.5 M
1,705 V/m2*

1,313 m3

(timber volume)
MLB:90 min
SLB:90 min

≥45
≤62

Dalston Lane
(UK)

12,000 m2 V33 M
2,750 V/m2*

4,649 m3

(timber volume)
MLB:120 min
SLB:90 min

≥45
≤62

Forte
(Australia)

2,890 m2 V9.4 M
3,250 V/m2*

966 m3/CLT MLB:90–120 min
SLB:90 min

≥50
≤62

Stadthaus
(UK)

2,750 m2 V4.2 M
1,540 V/m2

901 m3

(timber volume)
MLB:60–120 m
SLB:60 min

≥45
≤62

Moholt 50I50
(Norway)

17,500 m2 V40.4 M (NOK
450 M)
1,740 V/m2

6,300 m3

(mass timber)
MLB:90 min
SLB:60 min

≥55
≤53

Via Cenni
(Italy)

17,000 m2 V21.7 M
1,000 V/m2

6,100 m3/CLT MLB:60–120 min
SLB:60 min

≥50
≤63

Note(s): “MLB” indicates the main load-bearing elements (e.g. structural core, column, beam, external truss,
outrigger, belt), “SLB” indicates the secondary load-bearing elements (e.g. floor)
*Calculated by the authors (total construction cost/gross floor area)
aSince different terms e.g. project cost, investment are used in different sources without any explanatory
breakdown for the value stated as “construction cost” here, this value should be taken for indicative
purposes only
bDifferent levels and types of information for “the amount of timber” e.g. structural timber, entire construction,
or only CLT are provided by different sources
Euro/US Dollar, -/Australian Dollar and -/British Pound exchange rates were taken as 1.17, 1.64 and 0.91V,
respectively

Table 6.
Tall timber residential
buildings by gross
floor area, total
construction cost,
construction cost per
m2, the amount of
timber, fire resistance
and sound insulation
values
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Discussion and conclusion
Tall residential timber buildings (over 8 storeys) have been at the foreground of innovative
building practice in urban contexts for over a decade to address the major challenges of
urbanization, climate change and sustainable development and to meet housing needs. The
height of tall residential timber buildings has been increasing over time, and this trend can be
anticipated to continue into the future. The research is based on 13 tall residential timber
building case studies and provides insights into the making of more technically and
economically sound design decisions in the planning and development of these projects in the
future.

Regarding the main design considerations of these pioneering projects, the study
scrutinized core planning, building form, floor-to-floor height, structural system, structural
material, and constructional considerations including the amount and type of timber, total
construction cost, construction cost per m2, and finally considerations regarding fire safety
and sound insulation.

Central cores were the most preferred type by a wide margin and indicate empirical
evidence of the advantages of this core arrangement, also in non-timber buildings (e.g. Ilgın,
2021). Ilgın et al. (2021b) found that central core arrangements occurred for about 89% of the
time among 18 supertall residential buildings (out of 93) with non-timber structures.
Similarly, Oldfield and Doherty’s (2019) reported 85% of central core typologies among 500
tall non-timber buildings.

Frequent use of prismatic forms with rectilinear plans and regular extrusions may
show the designers’ choice of the building that can be constructed easily and quickly
rather than with concerns about being “iconic”. Namely, it is an indication that these
buildings tend to use simple geometry in plan and elevation because of the regularity as
their common feature and the difficulty of giving timber construction complex forms,
e.g. twisted. Similarly, according to the findings by Ilgın et al. (2021b), the most used
forms (>44%) in 18 supertall non-timber residential buildings (out of 93) were prismatic
forms. In addition, residential buildings examined in the study by Ilgın et al. (2021b)
study had mostly (∼89%) reinforced concrete construction. This might indicate that the
tendency of building form in multistorey residential buildings is mostly prismatic, so
there may not be a typological change in the building form depending on the structural
material.

On the subject of fire resistance, particularly in primary and secondary structural
elements of these buildings, it was observed that minimum values specified in the building
codes were typically exceeded by taking extra precautions. For example, in Forte building
(Case 10 – see Table 1), gypsum elements were used for the encapsulation of many walls and
ceilings to provide additional protection to structural panels. Likewise, functional fire design
in Lighthouse Joensuu (Case 5 – see Table 1) showed that the building can withstand a fire
even if the sprinklers do not work.

The 13 case study buildings are also characterized by the shear wall system as the
structural system (Figure 4c), mostly because of its ease of construction accompanied by
lateral stiffness at heights reached so far with timber. On the other hand, shear walled frame
systems (Figure 4d) were widely utilized in tall concrete residential buildings, while outrigger
frame systems were mainly used in supertall residential construction.

In terms of structural material, the dominance of pure/solid timber use over composite/
hybrid is worth mentioning. This might be due to the composite structures’ need for
additional coordination and experienced staff on the construction site, requiring more time to
integrate thewhole timber construction process. On the other hand, some studies (e.g. Demirci
et al., 2019) highlighted the need to take additional structural measures against seismic loads
after exceeding a certain height limit for timber-only multistorey structures. In this sense,
hybrid solutions using reinforced concrete cores in Brock Commons Tallwood House
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(Case 3 – see Table 1) and HoHo (Case 2 – see Table 1) were particularly effective structural
approaches against earthquake-induced loads (Gallo et al., 2020).

Besides providing information on general facts, by using the study lenses of architectural,
structural and constructional features, 13 tall residential timber buildings with completed
status were scrutinized to provide a step toward analyzing emerging international trends in
this area.

The rules and expectations for tall timber buildings which is a relatively new building
typology are not yet clear. Their design is a complicated task where the design is subject to
dynamic changes as a result of the technological advances and new construction techniques
of wood products. The variety in design and construction techniques of these buildings are
still advancing to meet the different building codes, market demands and expectations,
regulatory conditions, context and climate. This paper has provided the most up-to-date
status of this pioneering building type.

The aim of this study was to present in detail contemporary cases that will assist and
guide architects and other construction professionals in the planning and development of tall
timber buildings. However, the empirical data provided in this study were limited to 13 tall
residential timber buildings, making generalizations about future tall timber buildings
difficult. Considering the increasing number of tall timber buildings being constructed, future
studies can build on this research, increasing the sample size and the level of detail and in-use
data, from which broader generalizations and new knowledge could be drawn.
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