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Abstract

The subject of this article is tall buildings with a load-bearing layout made of mass timber,
erected between 2009 and 2025. The aim of the study is to introduce a typology and to
systematise and synthesise knowledge concerning the spatial and material-structural shap-
ing of the load-bearing systems of these buildings. Load-bearing systems were classified
according to the type of elements into 1D, 2D, 3D, mixed and hybrid. It was found that
the most common types of mass timber tall building construction are 1D, accounting for
47% of the buildings analysed, and 2D accounting for 23%, with the remaining 3D (4%),
hybrid (3%) and mixed (1%) used infrequently. A research method based on a case study
and data collection with an analysis of the available literature was used. A study of the
spatial and material and structural solutions of 109 timber tall buildings was carried out.
Conclusions are presented for the most sustainable in terms of material solution, i.e., with
an above-ground part made entirely of mass timber in the buildings which represents
10% of the cases studied. Mass timber tall buildings have a low slenderness of 0.66-2.98 for
heights up to 50 m and 2.41-4.97 for heights over 50 m.

Keywords: mass timber buildings; sustainable structures; tall buildings; load-bearing
system design; structural shaping; mass timber construction

1. Introduction
1.1. Background

The construction sector is a significant contributor to global CO, emissions. It is esti-
mated [1] that it is responsible for more than a third of global CO, emissions, 40% of global
energy consumption and 50% of landfill waste production. For these reasons, measures
are being taken to reduce the negative environmental impact of the construction industry
through, among other things, the sustainable design of cities and living environments, as
well as the sustainable use of natural resources [2].

The 2023 report on the evaluation of the implementation of sustainable development
measures [3]—based on an analysis over the last 30 years of the development of a selection
of 681 cities worldwide—diagnosed a phenomenon negatively affecting urban sustainability.
It has been found that their population density is decreasing and urban sprawl is outpacing
their population growth.

In Ref. [4], consideration is given to the possibility of using the progressive and
inevitable development of urbanisation, but shaped in a sustainable way;, as a tool to reduce
climate change.
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One means of reducing the aforementioned detrimental effects of construction
on the environment is the intensification, consolidation and densification of urban
development [5-8], e.g., through the wider introduction of tall buildings and the sus-
tainable use of natural resources through, among other things, the use of renewable,
natural materials.

The primary natural building material used in construction is timber. Traditional
construction using solid timber has limited development and implementation opportunities
due to the disadvantages of this material such as anisotropy, susceptibility to permanent
deformation under long-term loads, limited cross-sectional dimensions and limited lengths
of wood products (including structural elements), as well as a lack of fire resistance or
susceptibility to biological corrosion, etc.

For these reasons, the introduction of mass timber, thanks to the spread of cross-
laminated timber technology since 1906 and surface bonding technology since
the 1990s has had a significant impact on expanding the possibilities for using a renewable
material—wood—in construction [9]. With the term mass timber construction (MTC) cap-
turing the various glulam products [10,11]: cross-laminated timber (CLT), glued laminated
timber (glulam), nail laminated timber (NLT), dowel laminated timber (DLT), structural
composite lumber (SCL). The term SCL includes laminated veneer lumber (LVL) and
laminated strand lumber (LSL).

Initially, glulam was implemented in low- and medium-rise construction; in the late
1980s, it was also employed in high-rise construction [12]. The important advantages of this
material that have an impact on the possibility of increasingly widespread implementation
in the construction industry include the following: low dead weight and consequently
relatively easy assembly of the elements, reduced need for heavy construction equipment
and machinery, reduced transport costs due to lower weight compared to traditional
materials, the possibility of assembly in various thermal conditions (even in winter), the
possibility of prefabricating structural elements (bars, surfaces, volumes) or furnishings, the
high quality and aesthetics of the prefabricated elements’ surface finish and consequently
the possibility to dispense with finishing layers, as well as the positive impact of natural
materials on the well-being of users. The assembly of prefabricated mass timber buildings is
characterised by the absence of waste and particle contamination of the air and construction
site during the works and, due to rapid assembly, limited nuisance to users of neighbouring
buildings or spaces.

Key features that have a decisive impact on increasing interest in the use of mass
timber in construction are the pro-environmental aspects, i.e., origin from natural renewable
sources, low carbon. The tree absorbs carbon dioxide as it grows. It is estimated [13] that
1 m3 of wood absorbs an average of 0.8-0.9 t of carbon dioxide. For these reasons, products
made of timber, e.g., load-bearing structure elements and building equipment, represent
a safe and efficient way of storing CO,. In [13], it was determined that a tall building
with mass timber construction can absorb significant amounts of CO;, e.g., a 40-storey
CLT building (total volume of mass timber used—26,300 m3) can save around 50,000 t of
CO; emissions.

A similar view is expressed in [14,15] indicating that increasing urbanisation with the
replacement of conventional building materials by bio-based materials (such as wood or
bamboo, which store CO,) may contribute to climate change mitigation.

Many scientific studies include comparisons of the environmental impact during the
life-cycle phases of buildings with different material solutions for the load-bearing systems
or structural elements of buildings, most often made of concrete (reinforced concrete), steel
and timber.
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In Ref. [16], analyses were carried out on the primary energy consumption of multi-
storey timber buildings with the same architectural solution but constructed according
to different timber building systems. The use of a surface element system with CLT was
found to provide 16% less primary energy consumption in terms of material production
compared to beam-and-post systems and 6% less compared to modular-cubicle systems. In
addition, the CLT system also has a lower primary energy consumption over the entire life
cycle of the building (which includes material production, building construction, heating
and ventilation over a 50-year period and demolition) by 7% and 9%, respectively.

Comparative analyses on the design of the Walludden multi-storey building showed
60-80% lower primary energy consumption, as well as lower greenhouse gas emissions of
carbon dioxide CO, and methane CHy for the production of building materials for the con-
struction of the timber-framed building compared to reinforced concrete construction [17].
At the same time, the magnitude of the benefit of the timber structure depends on the
expected useful life of the building (50 years, 100 years), as well as the way in which the
building materials from the demolition of the building in question will continue to be used
once its useful function has been exhausted.

Comparisons [18,19] of the life-cycle GHG emissions of multi-storey buildings with
structures, i.e., steel, reinforced concrete and mass timber, have shown that timber buildings
have 34-84% lower GHG emissions—relative to steel and reinforced concrete buildings.
The greatest benefits in this respect apply to taller buildings of 12-21 storeys above ground,
and smaller benefits apply to buildings of 3—12 storeys.

In [20], the results of analyses of greenhouse gas emissions covering selected life
phases of two considered comparable residential buildings in Trondheim, Norway, located
on a common reinforced concrete underground section are presented. One building is
five storeys above ground and of reinforced concrete construction, while the other is eight
storeys above ground and made of CLT. As a result of the calculation analyses, emissions
in the so-called ‘Cradle to Gate” phase were found to be 25% lower for a timber-framed
building than for a reinforced concrete building, in the use phase (expected to last 60 years),
the timber-framed building—built to Passive House standards—had 7% lower greenhouse
gas emissions than the reinforced concrete building, and in the transport phase, the timber-
framed building had slightly higher emissions. However, it was pointed out that there is
quite a lot of uncertainty in the results of the projections for the transport and use phases
due to the different energy standards of the implementation of the two buildings and their
different heights, among other things.

The paper [21] reports the results of a comparative study of the use phase and, in
particular, the energy consumption for the heating and cooling of CLT and reinforced
concrete office buildings erected in different climatic zones of China. CLT buildings were
found to have—depending on the climatic zone of their location—a lower heating energy
requirement in winter of between 11.97% and 30.94% and a lower attractiveness in this re-
spect for summer operation compared to corresponding buildings with reinforced concrete
structures. For these reasons, it was considered beneficial to promote this type of solution
in regions of China with cold winters, while it was not recommended for temperate or
hot climates.

Mass timber buildings are highly sustainable in the procurement and production
phase due to the renewable origin of the raw material, typically in the use phase due to the
usually lower heating energy requirements and in the disposal phase due to the partial or
often complete recyclability of the mass timber components.

They are also characterised by high seismic resistance with a relatively low dead
weight of the structure. These properties are confirmed by a number of analytical re-
sults relating to multi-storey residential and public buildings erected in seismically active
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areas and made mainly of CLT [22], as well as by experimental results. In Ref. [23],
the results of laboratory tests of a natural-scale erected-test seven-storey building with
CLT—subjected under laboratory conditions to an impact corresponding to ten large seismic
excitations—are presented. The effect of these impacts was positive; the structure of this
building did not suffer any major damage. In [24], the results of test studies and numerical
analyses on the seismic behaviour of CLT wall-structured buildings are synthesised, and
procedures for their design are included in [25,26], among others.

The lighter weight of tall timber-framed buildings, compared to traditional material
solutions—reinforced concrete or steel load-bearing systems—is less advantageous in terms
of dynamic wind loads, the possibility of excessive vibration, and consequent discomfort
of use. The results of experimental studies of the effects of dynamic wind actions on tall
timber buildings are characterised, for example, in Refs. [27-29].

Fire safety is one of the issues that has a significant impact on the still-low number
of timber high-rise building developments and the legal regulations that exist in many
countries limiting the height of this type of development. These topics are generally
presented in many publications, including, for example, Refs. [30,31]. On the other hand,
the results of experimental studies of specific cases of buildings, e.g., in Ref. [10], where the
test results of timber-framed buildings with CLT have been collated. The fire resistance
depending on the type of structural elements with CLT ranged from 1 to 3 h, while the
fire test of a three-storey building structure with CLT was 1 h. In addition, the trend of
designing tall building structures to take into account the charring effect and design section
allowances was highlighted [32].

Due to the increasing demand for mass timber and, at the same time, the limited
supply of raw material from sustainable forestry, the subject of many scientific studies is
the optimisation of the use of the raw material for the production of different ranges of
mass timber, as well as the reduction in waste to a necessary minimum and, at the same
time, the obtaining of a material with the best desired properties, including strength.

The paper [33] takes a closer look at various wood cutting technologies and points
out that the efficiency of raw material utilisation within the product range in question
is related to the size of particles in the round timber cutting process and increases along
with the decrease in their size. The efficiency of use of timber resources for selected
construction materials was determined as follows: LSL (laminated strand lumber)—
69%; OSB (oriented strand board)—83%; LVL—52%; PLY (plywood)—52%; GLT—39%;
CLT—37%. In the light of the research results presented in [33], it can be concluded that the
appropriate choice of construction materials within the available range of products has a
significant impact on the rational use of timber resources and the synergy of the achieved
pro-environmental effects.

In order to assess the potential for wider implementation of sustainable construction, a
comparison of selected timber-framed multi-storey buildings was made [12]. Economic and
environmental criteria were adopted for the assessment of the five tallest timber buildings,
including the following: height, number of storeys, construction time, investment costs,
environmental parameters—reduction in CO; emission and energy use. As a result of multi-
criteria analyses, it was found [12] that the environmental efficiency of the investments
studied, as determined by the reduction in CO; emission and energy consumption, and the
economic efficiency are the highest for the tallest buildings under analysis.

On the other hand, Ref. [34] undertook analyses of the development trends of medium-
high- and high-rise timber construction in selected southern European countries. A trend
towards the construction of increasingly taller buildings with the use of mass timber,
primarily sourced from local forestry—softwood—has been identified. A typology of
timber building structures in question was introduced, taking into account five types
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of structures: a light frame formed from pillars and beams with small cross-sectional
dimensions (percentage share of this type of solution in relation to the number of all
surveyed buildings—0%); a frame system with beams and pillars formed mainly from
GLT or less frequently from LVL or EWP—21%; a wall system with walls and ceilings
made from CLT—43%; a mixed system of the aforementioned solutions with EWP—18%; a
hybrid system combining elements from mass timber with other construction materials,
i.e., steel or concrete—18%. The research reported in [34] shows that the buildings analysed
(28 buildings constructed in the southern European region in question were studied) with
heights above 30 m are mostly of hybrid construction.

The paper [35] points out that there are still a small number of timber-framed tall
buildings. Among the reasons given were the complexity of the design process, the
relatively low design experience in this area, the lack of rheological studies of this type of
solution, etc.

The paper [36] attempts to present the evolution and directions of development of
architectural solutions in contemporary tall timber buildings. The results of a comparative
study of 46 buildings designed and constructed in Europe, Australia and North America
are given, starting from the pioneering period of the implementation of this type of tall
building, i.e., from 2009 to the present. Among other things, it was found that as the height
of buildings increases, the proportion of load-bearing systems with an internal reinforced
concrete core as one of the elements for ensuring spatial stiffness increases.

Analyses of architectural solutions for functional design [37] and spatial efficiency of
tall timber buildings have been undertaken in [38—40]. On the other hand, an analysis of
the typology and morphology of multi-storey timber buildings, varying in height from
low to high, based on 350 completed projects (including 58 tall ones), either under con-
struction or in the design concept phase, was carried out in [41]. Attention was drawn
to the predominant layouts of building projections—orthogonal and a few with irregular
shapes—which have a direct impact on the spatial solutions of the geometries and the
lack of new morphological expressions of this development. The rigid framework of pre-
fabrication and modularity underpinning mass timber developments based on linear or
rectangular geometries were cited as reasons for the low architectural variety and limited
expression of these developments.

Restrictions in the design of plan, regularity and repeatability of timber building struc-
tures result primarily from the prefabrication and standardisation of mass timber elements.
The recent scientific research focuses on the design and optimisation of structures or their
elements (e.g., slabs) shaped in a ‘flexible’ way to adapt to architectural and functional
solutions, as well as modern construction technologies. The paper [42] draws attention to
the possibility of implementing integrative computational design and fabrication of mass
timber structures using in situ construction robotics. This type of design is currently being
tested on structures with free architectural forms but with small spans, such as pavilions.

In Ref. [43], the concept of an agent-based method for designing multi-directional
composite timber slab systems in multi-storey buildings was presented, taking into ac-
count the individual boundary conditions of the architectural, functional, installation and
structural solutions.

The paper [44] presents concepts for the construction of non-standard, freely shaped
floor slabs using construction robot systems as future sustainable construction technologies.

The issue of using robotic assembly integrated with BIM and DES simulations for
erecting CLT panel structures was characterised in [45]. Significant benefits of using such
innovative methods have been identified, including reduced time (by up to 17% compared
to traditional methods) and increased accuracy of CLT structure assembly. The mentioned
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studies and concepts are pioneering in nature and indicate trends and directions in the
development of mass timber construction.

In light of the views presented and the examples given, it can be concluded that
limiting the negative impact of construction is a key element of environmental protection
expressed through a sustainable approach to the design of buildings; the choice of intensive,
e.g., high development; and the rational choice of construction materials and a range
of building elements capturing the efficient use of the properties of these materials and
ensuring susceptibility to reuse (in the event of the original function of the building being
exploited) or recycling, limiting the possibility of waste generation, e.g., through the use
of prefabricated elements or the implementation of innovative robotic tools integrated
with BIM.

1.2. Goals and Scope

The aim of the study is to systematise and synthesise knowledge on the material and
structural shaping of load-bearing systems for high-rise buildings made of mass timber.
The literature focuses on the functional and structural shaping elements of individual
buildings, most often low-rise and mid-rise. However, there is a lack of synthesised
information on all timber buildings with a height of at least 25 m that have been completed
or are under construction. Also highlighted is the fact that even among designers and
investors, there is a lack of knowledge about the possibilities of using mass timber in tall
construction. The authors of this analysis believe that the analyses presented in this article
fill this gap. These types of buildings represent new, innovative and still rare material
and construction solutions. The first tall timber buildings were completed in 2009, i.e., in
Seattle, USA, with the Marselle Condos building, and in Sweden, Limnologen in Vaxjo,
and Portvakten Soder in Portvakten Soder, and by March 2025, a total of approximately
109 such buildings had been built or were under construction across the world. Tall timber
buildings bring together in their spatial and structural solution two important aspects of
sustainability in construction, i.e., the use of a natural renewable material—timber—in
the shaping of the load-bearing system of the above-ground part of the buildings and
the reduction in the negative environmental impact of construction projects through the
introduction of intensive high-rise development and consequently smaller building areas
and less interference with natural spaces.

2. Materials and Methods

The subject of the study covers tall buildings with a structural system of the above-
ground part made of mass timber. In the absence of a generally accepted definition, this
article assumes that a tall building has a height of at least 25 m above ground level and,
in the case of a building with a residential function, has a height of at least nine storeys
above ground.

The period from the first erection of the tall timber building, i.e., 2009 to March 2025,
was used as the time period of the study.

This paper presents the results of our own research into spatial and material-structural
shaping, introduces a typology of load-bearing systems for this type of building and a ty-
pology of material solutions for the above-ground part, and characterises the achievements
in the use of mass timber in high-rise construction.

2.1. Stage of the Research
The research was carried out in six stages (Figure 1):

- First stage—based on an analysis of the available literature and internet sources, a
dataset of 109 completed and under-construction mass timber tall buildings was com-
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piled; the results of these analyses are summarised in the table attached as Appendix A
to this article.

- Second stage—developing a typology of load-bearing systems and material and
structural solutions for the above-ground parts.

- Third stage—an analysis of the material and structural solutions of the above-ground
parts of the 109 buildings in question with a view to identifying contemporary trends
in the construction of these buildings in two separate height groups, i.e., up to 45 m
and over 45 m.

- Fourth stage—extracting from the set of all 109 surveyed buildings those whose above-
ground structure, comprising the load-bearing system including the structure of the
circulation path, is fully made of mass timber. This collection represents 11 buildings.
The purpose of these analyses was to determine whether there are opportunities and
potential height restrictions for this type of building.

- Fifth stage—determining the spatial trend of the geometries of the buildings in ques-
tion and the slenderness of selected cases out of 109 buildings for which it was possible
to obtain the required dimensional data.

- Sixth stage—final conclusions.

The research process

Determining the
spatial trend of

typology of Analysis of the the set of all 109 the geometries of FINAL
load-bearing material and buildings — the buildings in
systems, material structural comprising the 8 CONCLUSIONS

question and the
slenderness of
selected cases.

2nd Stage 3rd Stage 4th Stage 5th Stage 6th Stage

Figure 1. Scheme of the research process.

2.2. Methodology

A research method based on a case study and dataset was used, including a com-
prehensive analysis of the available literature, including monographs and peer-reviewed
scientific publications, Internet sources, etc.

A survey was carried out of the spatial and material-structural solutions of
109 buildings whose documentation or basic technical parameters—in varying degrees of
detail—were available in the literature or online sources and databases. The sources listed
in items [20,34,37,39,41-80] of the compilation of references were the source of information
on the buildings surveyed.

3. Results and Discussion

A research method based on a case study was used, including a comprehensive
analysis of the available literature, including monographs and peer-reviewed scientific
publications, Internet sources, etc.

3.1. Development of the Dataset—Stage I

Analyses were carried out of material and structural solutions; spatial solutions in terms of
the shape of geometries, projections and proportions expressed in terms of slenderness; and the
basic parameters of 109 buildings. A summary of the basic building information—which is the
result of the Stage I survey—is included in Table A1 of Appendix A.

On the basis of the juxtaposed data (Table Al), it can be concluded that the be-
ginning of high-rise timber construction is represented by four buildings put to use in
2009, with a significant increase in their number by 2019. The highest number of such
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buildings—15—was put to use in 2019. A slight pause in the upward trend occurred in the
period 2020-2022, which can be attributed to the constraints of the COVID-19 pandemic
period, while the number of these construction projects has now increased again, amount-
ing to 12 in the first quarter of this year (Figure 2). This fact confirms the increased use of
structural timber and the interest in the wider implementation of material solutions with
limited negative environmental impact in tall buildings.

Boe B
s N &

Number of buildings

a
]

14 e

s LUDUANANARNENE

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 Under
Construction

0
Year

Figure 2. Numerical summary of timber tall buildings erected in the period 2009-2024 and un-
der construction in 2025 with an indicated upward trend (red arrow) of this type of construction
(cf. Table Al in Appendix A).

3.2. Typology of Structural Systems—Stage 11 Studies

The material solutions for the foundations, and if present also for the underground
parts of the mass timber tall buildings, are reinforced concrete, while the above-ground
parts are differentiated, i.e., the above-ground structure:

- Made entirely of mass timber (one or more different types of mass timber);
- Made of mass timber and reinforced concrete;
- Made of mass timber and steel.

The following solutions are being implemented within the above-ground parts:

- Made entirely of mass timber walls/posts and ceilings—joists and floor panels, circu-
lation paths (lift shafts and staircases) (Figure 3a);

- Made of mass timber walls/posts and ceilings—beams and floor panels, and circula-
tion paths of reinforced concrete (Figure 3b);

- Upper above-ground structures made of mass timber—walls/posts, ceilings, beams
and floor panels—and lower above-ground storeys (usually 1 or 2 and in the tallest
buildings even 5 or 6 storeys) posts/walls and floor slabs and circulation paths of
reinforced concrete (Figure 3c);

- Made of mass timber walls/posts and floor beams, floor slabs made of TCC panels,
and circulation paths made of reinforced concrete (Figure 3d);

- Hybrid timber-steel systems, in which the basic elements of the above-ground
structure (posts and beams) are steel and ceiling boards are made of mass timber
panels (Figure 3e).
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(a) (b) (c)

mass timber

TCC

reinforced concrete

mass timber and steel

(d) (e)

Figure 3. Material solution diagrams for above-ground parts (description in text): (a) made entirely
of mass timber walls/posts and ceilings, circulation paths; (b) made of mass timber walls/posts and
ceilings, circulation paths of reinforced concrete; (c) upper above-ground structures made of mass
timber—walls/posts, ceilings and lower above-ground storeys and circulation paths of reinforced
concrete; (d) made of mass timber walls/posts and floor beams, floor slabs made of TCC panels, and
circulation paths made of reinforced concrete; (e) hybrid timber—steel systems, in which the basic
elements of the above-ground structure are steel and ceiling boards are made of mass timber panels.
Legend: 1—ceiling structure (beams, panels); 2—post/wall structure; 3—structure of circulation
paths (staircases, lift shafts).

A classification of the load-bearing systems of the above-ground parts of buildings has
been introduced with regard to the material solution and the type of prefabricated elements
forming the load-bearing system (Figure 4):

— 1D bar elements, with a length much greater than other dimensions’ cross-section; in
terms of static work, these are post-beam or frame systems. However, the posts are
usually made of GLT (and in the case of the tallest buildings, of LVL) and the floor
construction consists of GLT floor beams on which are supported CLT panel slabs or,
less commonly in the tallest buildings, TCC.

— 2D surface elements, in which two dimensions are comparable and the
third—thickness—is significantly smaller; in terms of static work, these are slab
elements and discs forming so-called wall systems in which the main load-bearing
system consists of walls and ceilings usually made of CLT panels.

—  3D—prefabricated volume, mostly shaped from CLT.

-  Hybrid systems in which the load-bearing system is formed from two materials,
steel and timber, i.e., consisting of posts and main beams formed from I-shaped steel
sections and CLT ceiling panels.

—  Mixed system combining structural elements from 1D and 2D systems.
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Number of floors

i
=

-
o

(a) (b) (c)

(d) (e)

Figure 4. Conceptual diagrams of the adopted types of load-bearing systems (colour coding
used in subsequent drawings): (a) 1D system, (b) 2D system, (c) 3D system, (d) hybrid system,
(e) mixed system.

Considering the location of the completed mass timber buildings and their number,
it can be concluded that the greatest achievements in the implementation of mass timber
high-rise construction are as follows (Figure 5): USA and Sweden—13 buildings each;
France—12 buildings; Australia—11 buildings. The significant number of investments
concerned in the USA, Sweden and Australia can be attributed, e.g., to the strong tradition
of forestry and the timber industry and timber construction in the aforementioned countries
and to the advanced production of materials and structural elements from this material.

.—L
Denmark ~ Singapore New Spain Austria Belgium Japan Italy  Switzerland Netherlands ~ Finland ~ Germany UK Norway ~ Canada  Australia  France Sweden USA
Zealand
Country

m1D m2D m3D mhybrid COmixed M noinformation

Figure 5. Numbers of completed timber tall buildings with an indication of the country of their
location. A distinction was made between buildings with a 1D, 2D, 3D, hybrid and mixed structure;
where detailed data are missing, ‘no information available’ was entered.
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3.3. Material and Construction Solutions for Above-Ground Parts—Stage III of the Study

When analysing the height and type of load-bearing system of the buildings in question,
we can say (Figure 6) that buildings with heights of up to 35 m (20 out of 23 buildings)
were prevalent in the initial period up to 2016, and the most common type of load-bearing
system was either the 2D wall-bearing system made of CLT elements (10 out of 23) or a
1D post-and-beam system made of GLT elements (5 out of 23). The structure of 3D volume
elements was only used in the case of the Treet building. It should be mentioned that there was
also one case of mixed structure and one case of hybrid structure (five cases—no data available).

In the further period, i.e., from 2017 to March 2025, there is a clear trend of an in-
crease in the number of projects and the number of buildings with heights of more than
35 m; in addition, timber buildings with the greatest heights, i.e., more than 80 m, start to
appear—7 such buildings (out of 86) are under construction, including 1 with a record
height of 182.6 m: Atlassian Central. Between 2017 and March 2025, 74 buildings were
completed and 12 are under construction. In this group of buildings, the predominant
structural solution is the post-and-beam or 1D frame system—45 cases (out of 86)—and the
2D wall system—16 cases (out of 86). Three-dimensional volume systems are represented
in four buildings and hybrid systems in two buildings.

Among the 109 buildings analysed, the highest each layout are as follows
(Table Al in Appendix A):

- 1D bar elements—the 86.6 m high Ascent MKE erected in Milwaukee (USA) in 2022.

- 2D surface elements from CLT—Haut with a height of 73 m realised in Amsterdam
(the Netherlands) in 2021.

- 3D cubic elements—the 80 m high Sara Kulturhus Center erected in Skelleftea (Sweden)
in 2021.

- Hybrid—the 53 m high Albizzia built in Lyon (France) in 2023.

- Mixed—the residences J.Ferry with a height of 27 m erected in Saint-Dié-des Vosges,

France, in 2014.
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Figure 6. Summary data on the type of load-bearing system, height and time of construction
of the buildings concerned with indication of trend lines (colour distinctions in accordance with
Figure 4): (a) all types of load-bearing systems, (b) 1D systems, (c) 2D systems, (d) 3D systems,
(e) hybrid systems.
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The most common construction type for mass timber tall buildings (Figure 7) is
1D layouts, accounting for 47% (which includes 52 of the 109 buildings analysed),
2D layouts for 24% (respectively, 26), 3D layouts for 4% (respectively, 5), hybrid layouts
for 3% (respectively, 3) and mixed layouts for 1% (respectively, 1). It should be mentioned
that 20% of cases (22 buildings) did not have a specific type of load-bearing system due to
incomplete information in the available documentation.

60

no information
20%

52
50

Number of buildings

40 mixed
1%
hybrid
30 ” e
26 o
3D
22 4%
20
10
5
3
L e
o E=
. ) . . 24%
1D 2D 3D hybrid mixed no information
Type of structure
(a) (b)

Figure 7. Numbers of buildings with load-bearing systems: 1D, 2D, 3D, hybrid, mixed. If no details are
given—no information. (a) Column chart; (b) pie chart showing percentage of each type of construction.

One-dimensional load-bearing systems of the above-ground part are usually con-
structed with GLT posts and GLT floor beams supported by floor slabs made of a variety of
mass timbers (cf. Table A1 in Appendix A). These panels are most commonly made of CLT
panels (30 building cases); TCC (10 cases); and the rarer floor panel material solutions of
DLT (1 case), NLT (nail laminated timber, 1 case), CLT and DLT (dowel laminated timber,
1 case).

There are also buildings with LVL-shaped posts and beams and CLT ceiling pan-
els (4 buildings); GLT and LVL beams and posts and CLT ceiling panels (3 buildings);
LVL posts, beams and ceiling panels (1 building); and a building with MPL (mass ply lams)
posts and MPL beams on which MPPs (mass ply panels) are supported (1 case). In one
case, the material of the load-bearing system was not specified.

The predominant material solution for walls and ceilings in 2D layouts is CLT panels
(23 building cases). There is also one case of a building with CLT walls and TCC ceilings
(1 building).

Three-dimensional volume load-bearing systems are rare—in the study group of
buildings, three cases of prefabricated volume elements formed from CLT, one from
LVL and CLT and one from GLT and CLT were found.

Buildings with hybrid systems had steel post and beam structures made of I-shaped
sections and ceiling boards formed from CLT panels (three buildings).

Mixed systems concerned only one case of a building that used GLT and CLT glulam
in its construction.

On the basis of the summaries given above, analyses were carried out on the material
solutions for the above-ground structure (from ground level) of the basic support system
and the circulation path, depending on their height (Figure 8). These concerned the cases
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of 86 buildings out of a group of 109 buildings, as in the case of 23 buildings there was a
lack of information in the surveyed area.
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Figure 8. Number of above-ground reinforced concrete storeys depending on the height of the
buildings surveyed.

Conclusions were formulated with regard to the two ranges of building heights
identified, i.e., with heights up to 45 m (being the domain of the use of 2D layouts) and
over 45 m. On the basis of the analyses carried out, the following conclusions can be drawn
(Figure 9, cf. Figure 6):

(@) The number of buildings up to 45 m in height is 62 and the number of lower storeys
in these buildings with reinforced concrete construction ranges from 0 to 2. In this
group are buildings with the following structures:

- 1D bar elements (32 buildings in total): 8 buildings—no storeys of reinforced
concrete construction; 18 buildings—had one storey of reinforced concrete;
6 buildings—two storeys of lower reinforced concrete;

- 2D surface elements (21 buildings in total): 8 buildings—no storeys of reinforced
concrete construction; 9 buildings—one storey of reinforced concrete construction;
4 buildings—two storeys of lower reinforced concrete construction;
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(b)

- 3D volume elements (3 buildings in total): 1 building—no storeys of re-
inforced concrete construction; and 2 buildings with two lower storeys of
reinforced concrete;

- Hybrid (1 building in total): 1 building—no storeys with reinforced concrete
construction.

- Mixed use (1 building in total): 1 building—no storeys with reinforced concrete
construction.

- No information on the structural solution of the timber part of the buildings
(4 buildings in total): 1 building with one storey of reinforced concrete; 3 buildings
with two storeys of reinforced concrete.

The number of buildings over 45 m in height is 23, and the number of lower storeys
with reinforced concrete construction varies, ranging from 0 to 6. In this group are
buildings with the following structures:

- 1D bar elements (17 buildings in total): 5 buildings—no storeys of rein-
forced concrete construction; 3 buildings—one storey of reinforced concrete;
3 buildings—two storeys of lower reinforced concrete; 2 buildings—three
storeys of reinforced concrete; 1 building—four storeys of reinforced concrete;
1 building—five storeys of reinforced concrete; 2 buildings—six storeys of rein-
forced concrete.

- from 2D surface elements (1 building in total): 1 building with three reinforced
concrete storeys.

- 3D volume elements (2 buildings in total): 1 building with no storeys of
reinforced concrete construction, and 1 building with two lower storeys of
reinforced concrete.

- Hybrid (2 buildings in total): 2 buildings with three storeys of reinforced concrete.

- Mixed structure (0 buildings).

- No information on the structural solution of the timber part buildings (1 building
in total): 1 building with four storeys of reinforced concrete.

It is worth noting that in both height ranges there are buildings with above-ground

construction from ground level (i.e., at all storey levels) made entirely of mass timber

(cf. Figure 9). In the case of buildings with heights of 45 m or less, there are 19 of them, i.e.,

a percentage of —30% given the total number of buildings surveyed in this height group of

62. In the group of buildings with heights of more than 45 m, there are 6—representing

26% in this height group (comprising 23 buildings).

It should be mentioned that the tallest buildings with the above-ground part (excluding

circulation paths) made entirely of timber (cf. Table A1 in Appendix A) in individual types

of load-bearing systems are as follows:

Mjestarnet with an 1D element structure with a height of 84.5 m;

Sensation with a 2D element structure with a height of 38 m;

The Sara Kulturhus Center with a structure made of 3D elements and a height of 80 m;
The Cube Building with a hybrid structure and a height of 33 m;

The residences J.Ferry with a mixed structure and a height of 27 m.

The analysis results presented here confirm the implementation of buildings with a

structure for the above-ground part (excluding circulation paths) made entirely of mass

timber, a natural, renewable material that is beneficial in terms of environmental impact.
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Figure 9. Number of above-ground reinforced concrete storeys for buildings with load-bearing layout
depending on height: (a) 1D, (b) 2D, (c) 3D.
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3.4. Material Solutions for Circulation Paths—Stage IV

The next stage of the analysis involved the study of material solutions for the
construction of circulation paths, which was based on data contained in the literature
(Table Al in Appendix A) related—in this respect—to 78 buildings, out of a total of
109 surveyed.

Three types of material solutions for the structure of circulation paths were found
(Figure 10a): hybrid structures combining steel and mass timber elements (5 buildings),
structure made fully of mass timber (30 buildings) and reinforced concrete structures
(43 buildings). Due to the lack of data in this field, no material solution for the circulation
paths has been determined in the case of 31 buildings. The percentage of individual
solutions in relation to the total group of analysed buildings is as follows (Figure 10b):
for circulation paths made of steel and mass timber—5%; mass timber—28%,; reinforced
concrete—39%; no data—28%.

mass timber and steel

5%
43
no information
28%
mass timber
30 I 28%

mass timber and steel

mass timber reinforced concrete no information

reinforced concrete

(a) (b)

Figure 10. Material solutions for the construction of circulation paths: (a) number of cases,
(b) percentage.

From the above summaries, it can be concluded that the proportion of environmentally
friendly solutions using sustainable materials—mass timber in both load-bearing system
construction and circulation path construction of high-rise buildings—is significant at 28%.

An analysis was made of 30 buildings with a load-bearing layout including circulation
paths made of mass timber (Figure 11).

These buildings were found to have the following load-bearing systems:

- 1D bar elements—13 buildings; the tallest building in this research group is Mjostarnet,
with 18 above-ground storeys, 84.5 m high, delivered in 2019.

- 2D surface elements—13 buildings, the tallest building in this research group is
Cederhusen with 13 above-ground storeys, 44 m high, delivered in 2023.

- 3D volume elements—3 buildings, the tallest building in this group is the Sara Kul-
turhus Center with 20 above-ground storeys, 80 m high, to be completed in 2021.

- Inone case, no data was available to determine the structure of the building.

Based on the above analysis results, it can be concluded that buildings with mass
timber circulation path construction are as follows:

- 1D load-bearing system—12% (13 buildings) of all 109 buildings surveyed;
- 2D load-bearing system—12% (13 buildings) of all 109 buildings surveyed;
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Figure 11. Number of buildings with mass timber circulation paths under construction over time,
indicating trend lines (colour distinctions in accordance with Figure 4): (a) all types of load bearing
systems, (b) 1D systems, (c) 2D systems, (d) 3D systems.
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It should be mentioned that out of the set of 30 buildings with mass timber circulation
paths, the buildings with the greatest use of mass timber, i.e., without lower above-ground
reinforced concrete storeys, were singled out. Eleven cases of such buildings were found
with a material solution for the construction of the above-ground part including the circula-
tion path structure fully made of mass timber, which represents 10% of all the buildings
surveyed. These are the following buildings (the type of load-bearing system, height,
country of location and year of completion are given in brackets): Carbon12 (1D, 26 m,
USA, 2018), Strandparken Building B (2D, 27 m, Sweden, 2014), Wood Innovation Design
Centre (1D, 29.5 m, Canada, 2014), Stadthaus (2D, 30 m, UK, 2009), Cenni di Cambiamento
(2D, 31 m, Italy, 2013), Kajstaden (2D, 31 m, Sweden, 2019), Sensations (2D, 38 m, France,
2019), Fyrtornet (1D, 38 m, Sweden, under construction), Obayashi Training Facility /Port
Plus (1D, 44 m, Japan, 2022), Sara Kulturhus Center (3D, 80 m, Sweden, 2021), Mjostdrnet
(1D, 84.5 m, Norway, 2019).

Based on the above analysis results, it can be concluded that the most sustainable
buildings in terms of material solution, i.e., with an above-ground part made entirely of
mass timber, were realised with a load-bearing layout as follows:

- 1D bar—representing 4.5% (5 buildings) of the total 109 buildings surveyed;
- 2D surface—4.5% (5 buildings);
- 3D volume—1% (1 building).

a fully mass timber above-ground The tallest among the aforementioned buildings
with part including bracing frames are the 1D element Mjostdrnet with a height of 84.5 m,
the 2D element Sensations with a height of 38 m and the 3D element Sara Kulturhus Center
with a height of 80 m.

The examples presented confirm the possibilities of using solely a sustainable
material—mass timber—to erect the above-ground parts of tall buildings.

3.5. Analysis of Spatial Design and Slenderness of Building Geometries

The next stage of the research attempted to analyse the shape of the building geome-
tries, their projections and their slenderness, defined as the quotient of the height of the
above-ground part and the smallest dimension of the projection at ground level. These
analyses were carried out for 30 buildings for which it was possible to determine the
required overall dimensions (Table 1).

Table 1. Summary of slenderness coefficients of selected buildings.

Number of Stories Smallest Dimension in Plan

No. Name of Building Above Ground Height [m] of the Befsic' Body of the Slenderness
Building [m]
1 Holz 8 8 25 8.8 2.84
2 Heartwood 8 25.5 16.0 1.12
3 Carbon12 8 26 13.0 2.00
4 T3 West Midtown 7 26 39.2 0.66
5 LCT One 8 27 14.1 1.91
6 Residences J.Ferry 8 27 14.8 1.82
7 Puukuokka One, Two, Tree 8 27 15.0 1.80
8 Das Kelo 8 27 18.0 1.50
9 Moholt 50/50 9 28 17.9 1.56
10 EDGE Suedkreuz 8 29 33.2 0.87
11 Wood Innovation Design Centre 8 29.5 23.5 1.26
12 International House South 7 30 20.0 1.50
13 Daramu House 7 30 20.0 1.50
14 The Cube Building 10 33 31.0 1.06
15 Dalston Works 10 34 20.0 1.70
16 Hotel Jakarta 9 34 17.0 1.00
17 Green Office ENJOY 8 35 13.9 2.52
18 Palazzo Meridia 10 35 21.2 1.65
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Table 1. Cont.

Number of Stories Smallest Dimension in Plan

No. Name of Building Above Ground Height [m] of the Ba‘sic‘ Body of the Slenderness
Building [m]
19 Trafalgar Place 10 36.6 123 2.98
20 Klein Veldekens 10 40 28.6 1.40
21 Spor X 10 414 243 1.70
9 Obayashi Trai;iﬁgg Facility /Port 1 a4 185 238
23 25 King 10 46.5 30.2 1.54
24 Treet 14 49 214 2.29
25 Limberlost Place 10 52.5 21.8 241
25 Arbo 15 60 18.0 3.33
27 T3 Collingwood 15 63 19.0 3.32
28 Haut 21 73 18.2 4.01
29 TRE 20 81.7 25.1 3.25
30 Mjostarnet 18 84.5 17.0 4.97

With regard to the spatial shape of the geometries of the buildings in question, it may
be concluded (Figure 12) that the predominant shape of the horizontal projection at ground
level is a rectangle (17 buildings)—which accounts for 57% of the surveyed cases; a system
of polygons formed from the combination of several rectangles (8 buildings)—27%; as well
as rarer examples of buildings with a near-trapezoidal ground plan (3 buildings)—10%;
near-triangular (1 building)—3%; or constituting a segment of a circle (1 building)—3%.

15 16 17)

(28) 29 30)

Figure 12. Diagrams of the geometries of the buildings surveyed (numbering as given in Table 1).
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Height [m]

The basic type of shapes used in the spatial design of the analysed buildings are cuboid-
like geometries (17 buildings)—57%; geometries forming a system of connected cuboids
(8 buildings)—27%; or, less frequently, straight prisms with a triangular, trapezoidal or
cylindrical base (5 buildings in total)—16%.

With regard to the proportions in the shaping of the geometries—as expressed by
the slenderness ratio—of the listed buildings, it can be stated (Figure 13; cf. Table 1) that
mass timber tall buildings are characterised by low slenderness. In the case of buildings
up to 50 m in height (24 buildings, accounting for 80% of the buildings under research),
this slenderness ranges from 0.66 to around 2.98. It should be mentioned that the largest
number of buildings in this height range (16 buildings, or 53% of the buildings analysed
in this range) have a slenderness of between 1 and 2. Buildings with heights above 50 m
(6 buildings, representing 20% of the buildings analysed in this area) are characterised by

higher slenderness values, i.e., between 2.41 and 4.97.
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Figure 13. Cont.
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Figure 13. Diagram showing slenderness in relation to building height (colour distinctions in accordance
with Figure 4): (a) all load-bearing systems, (b) 1D systems, (c) 2D systems, (d) 3D systems.

The results of our aforementioned own analyses suggest that the five buildings
(17% of those analysed in this respect) with the highest slenderness values (from 3 to
5) have a 1D load-bearing system (4 cases—Arbo, T3 Collingwood, TRZ, Mjestarnet) and
one building (Haut) has a 2D load-bearing system.

It should be mentioned that the choice of the load-bearing system solution is directly
related to the functional solution of the building concerned. Two-dimensional wall sys-
tems are usually the primary solution used in the case of residential functions, whereas
1D post-and-beam or frame systems are used for public buildings with larger required
areas of rooms without intermediate supports, including educational, commercial, office
and other functions.
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4. Conclusions

Tall timber buildings bring together in their spatial and structural solution two im-
portant aspects of sustainability in construction at the same time, i.e., the use of a natural
renewable material—wood—in the shaping of the load-bearing system and, through the
introduction of intensive high-rise buildings, less interference with natural spaces.

Mass timber tall buildings are innovative and still rare material and construction
solutions, although there is a trend towards more of them and the construction of this type
of building with ever greater heights.

The most common types of mass timber tall building construction are 1D bar systems,
accounting for 47% of the buildings analysed, and 2D surface element systems account-
ing for 23%, with the remaining 3D volume (4%), hybrid (3%) and mixed (1%) systems
used infrequently.

Buildings of this type have the structure of the underground part and often the lower
storeys of the above-ground part and the circulation path made of reinforced concrete, with
the rest of the above-ground part made mainly of mass timber.

Buildings up to 45 m in height—which is the domain of the use of 2D layouts—tend
to have 0 to 2 lower above-ground storeys of reinforced concrete construction, and over
45 m in height—0 to 6.

Circulation paths are implemented with three types of material solutions, i.e., hybrid
combining steel and timber, mass timber and reinforced concrete. The percentage of
each of these solutions in relation to the total group of buildings surveyed is as follows:
5%, 28%, 39% (data missing—28%).

The proportion of pro-environmental solutions using sustainable materials—mass
timber in both the load-bearing system construction and the circulation path construction
of high-rise buildings—is significant at 28%. It should be mentioned that, in addition,
11 cases of such buildings were found with a material solution for the construction of all
above-ground storeys, including the structure of the circulation path, made entirely of mass
timber, which represents 10% of all the buildings surveyed.

The most sustainable buildings in terms of material solution, i.e., with a fully mass
timber above-ground part, were realised with the following load-bearing layout: bar
1D—representing 4.5% of all 109 buildings surveyed; surface 2D—4.5%; volume 3D—1%.

The tallest among the aforementioned buildings with a fully mass timber above-
ground part including bracing frames are the 1D element Mjostarnet with a height of
84.5 m, the 2D element Sensations with a height of 38 m and the 3D element Sara Kulturhus
Center with a height of 80 m.

The examples presented confirm the possibilities of using solely a sustainable
material—mass timber—to erect the above-ground parts of tall buildings.

The predominant shape of the ground plan of the buildings in question is a rectangle
(57%) or a polygon system formed from a combination of rectangles (27%), and less fre-
quently a trapezoid (10%), triangle (3%) or circle (3%). The basic types of shapes used in
the spatial design of the analysed buildings are cuboid-like geometries (57%), geometries
forming a system of connected cuboids (27%), or, less frequently, straight prisms with a
triangular, trapezoidal or cylindrical base (16% in total). The limited variety and flexibility
in the design of the shape and layout of tall timber buildings is determined by the techno-
logical conditions of the production of prefabricated elements (1D, 2D, 3D) that shape their
load-bearing systems, as well as transport requirements.

Mass timber tall buildings are characterised by their low slenderness. Com-
pared to traditional high-rise buildings with a reinforced concrete load-bearing system,
this slenderness is typically 2—4-times smaller. For buildings up to 50 m in height
(80% of the buildings analysed in this range), this slenderness ranges from 0.66 to around
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2.98, while buildings over 50 m in height (20% of the same) have higher slenderness
values of 2.41 to 4.97.
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Appendix A

Table Al. Summary of basic data concerning the spatial and material-structural solutions of the buildings under research.

Type of
Number of Number of Load-Bearing .
Year of Height (Above ngﬁ};: of Floors Above Floors Above Structure of the Wall/Post Struch;];:rlt\i/[:;tlerlal of
No. Name of Building Location C ) Ground Level), Ground Made Ground Made Above-Ground Part . Ceiling Construction s
ompletion Above . Construction Communication and
[m]. of Mass of Reinforced (Acc. to the @
Ground . e e Shafts
Timber Concreate Classification in
Figure 2)
1 Holz 8 [41] Bad Aiblng, 2011 25 8 8 0 2D CLT CLT RC
Germany
2 Heartwood [47] Seattle, USA 2023 255 8 8 0 1D GLT _Beams—GLL, Steel and CLT
ceiling panels—CLT
3 Cradle [48] DG“sseldorf' 2023 257 7 6 1 1D - - RC
ermany
Marselle
4 Condos [46] Seattle, USA 2009 25.9 7 - - - - - -
Emmons
5 on 3rd [39] Seattle, USA 2014 26 8 - - - - - -
T3 Minneapolis, Beams—GLT,
6 Minneapolis [49] USA 2016 26 7 6 1 1D GLT celhnI%E?nels - RC
7 Carbon 12 [50] Portland, USA 2018 2 8 7 1 1D GLT _Beams—GLT, GLT, CLT
ceiling panels—CLT
T3 West Beams—GLT,
8 . ) Atlanta, USA 2019 26 7 6 1 1D GLT ceiling panels - CLT
Midtown [41] DLT
9 Cirrus [41] Denver, USA 2022 26 7 5 2 - - - RC
CLT
(locally
10 Limnologen [51] Vaxjo, Sweden 2009 27 7 6 1 2D framed layout .IBeams—lG EréLT RC
with ceiling panels:
GLT)
11 PortvaktenSoder[37] o Lorfvakten 2009 27 8 7 1 2D CLT CLT -
Soder, Sweden
12 Bridport House [46] London, UK 2010 27 8 - - 2D CLT CLT -
Dunrobin, Beams—GLT,
13 LCT One [52] Austri ’ 2012 27 8 7 1 1D GLT ceiling panels - RC
ustria TCC
14 Pentagon I [41] As, Norway 2013 27 8 - - - - - -
Strandparken Stockholm,
15 Building B [53] Sweden 2024 27 8 8 0 2D CLT CLT CLT
Residences Saint-Dié-des . Posts—GLT, Beams—GLT,
16 J.Ferry [46] Vosges, France 2014 2 8 8 0 Mixed walls—GLT ceiling panels—CLT .
Hotel
17 Nautilus [46] Pesaro, Italy 2016 27 8 - - 2D CLT CLT -
Wood City R Beams—LVL,
18 Apartments [46] Helsinki, Finland 2017 27 8 - - 1D LVL ceiling panels—CLT -
19 Dramsvegen [46] Tromso, Norway 2017 27 8 - - - - - -
20 Highpoint Terrace [46] London, UK 2017 27 8 8 0 3D CLT CLT CLT and steel
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Lucien Cornil Student . Posts—GLT, Beams—GLT,
2 Residence [46] Marseille, France 2017 z B ) ) walls—CLT ceiling panels—CLT )
The Gardens Sydney,
2 Macarthur [46] Australia 2018 z - B B - B B
23 Maskinparken TRE Trondheim, 2018 27 R R D CLT CLT CLT
[20] Norway
24 Frostaliden [54] Skovde, Sweden 2018 27 8 0 2D CLT CLT RC
Puukuokka Jyvaskyla
25 One, Two, YYasky'ds 2018 27 8 0 3D CLT CLT -
Finland
Tree [55]
26 Docenten [46] Vaxjo, Sweden 2018 27 - - - - - -
, . Beams—LVL -
27 Jo & Joe [46] Paris, France 2019 27 7 1 1D LVL ceiling panels—CLT RC
28 Das Kelo [46] Rovaniemi, 2019 27 7 1 2D CLT CLT -
Finland
Arbora Montreal, Beams—GLT,
2 Condominium [50] Canada 2019 z 7 1 1D GLT ceiling panels—CLT CLT
Trummens Strand 6,7—depends
30 [46] Vaxjo, Sweden 2020 27 on the 1/2 2D CLT CLT CLT
building
31 Cirerers [56] Barcelona, Spain 2022 27 7 1 2D CLT CLT CLT
32 Moholt 50/50 [57] Tﬁndhe‘m' 2016 28 8 1 2D cLT CLT CLT
orway
Beams—GLT,
33 EDGE Suedkreuz [58]  Berlin, Germany 2022 29 7 1 1D GLT ceiling panels - RC
TCC
Wood
Innovation Prince George, Beams—GLT,
3 Design Canada 2014 295 8 0 1D GLT ceiling panels—CLT CLT
Centre [37]
CLT CLT panels
35 Stadthaus [37] London, UK 2009 30 9 0 2D acc. to CLT acc. to the
the KLH system KLH system
) Amsterdam,
36 Patch 22 [46] Netherlands 2016 30 5 2 1D GLT TCC RC
. Beams—GLT, ceiling
37 International House Sydney, 2017 30 6 1 1D GLT and LVL panels - CLT
South [46] Australia CLT
) Sydney, Beams—GLT,
38 Daramu House [46] Austraiia 2020 30 - - 1D GLT ceiling panels—CLT -
Timber Frankfurt am Beams—GLT,
% Pioneer [46] Main, Germany 2023 30 6 2 1D GLT ceiling panels—TCC RC
40 anm di ) Milan, Italy 2013 31 9 0 2D Mass timber Mass timber Mass timber
Cambiamento [46]
41 Press House [46] London, UK 2017 31 7 1 2D CLT CLT -
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. Beams—GLT,
42 Vallen [37] Vaxjo, Sweden 2018 31 9 7 2 1D GLT ceiling panels—CLT RC
Immeuble Beams—GLT,
43 ‘Perspective’ [37] Bordeaux, France 2018 31 7 7 0 1D GLT ceiling panels—CLT RC
44 Kajstaden [46] Vasteras, Sweden 2019 31 9 9 0 2D CLT CLT CLT
. ) Uppsala, Posts—GLT,
45 Botanikern [46] Sweden 2019 31 9 7 2 - walls—CLT CLT CLT
Caisse d'Epargne
Bourgogne-Franche- . Posts—GLT, Beams—GLT,
46 Comté Dijon, France 2022 31 7 6 1 1D walls—CLT ceiling panels—LVL CLT
Headquarters [46]
47 Forte [46] Melbourne, 2012 32 10 9 1 2D GLT CLT CLT
Australia
Tamedia Zurich,
48 Office [59] Switzerland 2013 32 7 7 0 1D GLT CLT RC
The Cube Building . Posts—steel, Beams—steel,
49 [46] London, UK 2015 33 10 10 0 Hybride walls—CLT ceiling panels—CLT RC
50 Dalston Works [60] London, UK 2017 34 10 9 1 2D CLT CLT CLT
Kringsja
51 Studentby [46] Oslo, Norway 2018 34 10 - - - - - -
. Amsterdam,
52 Hotel Jakarta [46] Netherlands 2018 34 9 7 2 3D CLT CLT -
Skaio Wooden Heilb
53 Apartment Building Gorrnamy 2019 34 10 8 2 2D CLT CLT RC
[41] ermany
Posts—steel and Beams—steel and
54 Opalia [41] Paris, France 2017 35 8 - - 1D GIT GLT, RC
ceiling panels—CLT
Green Office ENJOY . Beams—GLT,
55 [46] Paris, France 2018 35 8 6 2 1D GLT ceiling panels—CLT RC
Pontde
56 Flandres Paris, France 2019 35 8 7 1 1D GLT Beams—GLT RC
Batiment 007 [46]
Palazzo . Beams—GLT,
57 Meridia [46] Nice, France 2020 35 10 9 1 1D GLT ceiling panels—CLT RC
Supercell R
58 Headquarters [46] Helsinki, Finland 2020 35 8 - - - - - -
) Charlottesville, Beams—GLT,
59 Apex Plaza [46] USA 2022 35 8 6 2 1D GLT ceiling panels—CLT RC
Risch-Rotkreuz Beams—GLT,
60 Suurstoffi 22 [61] . ’ 2018 36 10 10 0 1D GLT ceiling panels—CLT RC
Switzerland
and TCC
61 Aveo Bella Vista [46] Sydney, 2018 36 11 - - 2D CLT CLT -

Australia
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62 Trafalgar Place [41] London, UK 2015 36.6 10 8 2 - - - -
63 Sensations [62] Str;‘f;’rfc‘;rg' 2019 38 11 10 1 2D CLT CLT CLT
y Beams—GLT,
64 Fyrtornet [46] Malmo, Sweden ucC 38 11 11 0 1D GLT ceiling panels—CLT CLT
65 Monterey [63] Brisbane, 2021 39 12 10 2 2D CLT CLT RC
Australia
Auckland City Auckland, New Posts—GLT, Beams—GLT,
66 Mission [64] Zealand 2022 3 10 o 1 e walls—CLT ceiling panels—CLT CLT
INTRO Residential Beams—GLT,
67 Tower [65] Cleveland, USA 2022 39.6 9 8 1 1D GLT ceiling panels—CLT RC
Klein Geel,
68 Veldekens [41] Belgium 2020 40 10 9 1 - GLT - RC
Beams—GLT,
69 T3 Sterling Road [46] Toronto, Canada ucC 40 8 8 0 1D GLT ceiling panels—CLT -
and DLT
70 Origine [50] Quebec, Canada 2017 409 13 12 1 1D GLT Beams—GLT, LT
gmel: ’ ’ ceiling panels—CLT
Blindern Oslo,
7 Studenthus [46] Norway 2019 4 12 . i i . i i
Langford, Beams—GLT,
72 Tallwood I [66] Canada 2022 41 12 11 1 1D GLT ceiling panels—CLT RC
Drammen, Beams—GLT,
73 Spor X [67] Norway 2021 414 10 10 0 1D GLT ceiling panels—CLT CLT
. Beams—GLT,
74 T3 Bayside [37] Toronto, Canada 2023 42 10 9 1 1D GLT ceiling panels—CLT RC
- ) Espoo, Posts—LVL, Beams—LVL, RC (storeys—0and 1);
& Hoas Tuuliniitty [40] Finland 2021 2 13 1 2 3D walls—CLT ceiling panels—CLT above CLT
Obayashi Training Yokohama
76 Facility Japan ’ 2022 44 11 11 0 1D LVL Beams—LVL LVL
/Port Plus [46] P
77 Cederhusen [68] Stockholm, 2023 44 13 11 2 2D cLT CLT cLT
Sweden
Holz-Hybrid- Pforzheim, Beams—GLT,
78 Hochhaus CARL [46] Germany 2024 485 14 13 ! 1D GLT ceiling panels—TCC RC
2150 Keith Drive Vancouver, Beams—steel,
79 The Hive [68] Canada uc 45 10 8 2 1D GLT ceiling panels—CLT Steel
80 25 King [68] Brisbane, 2018 465 10 9 1 1D GLT CLT CLT
Australia
, ) . . Beams—steel,
81 Baker’s Place [46] Madison, USA ucC 474 14 11 3 Hybrid Posts—steel ceiling panels—CLT Steel
82 Lighthouse Joensu [46] Joensuu, Finland 2019 48 14 13 1 1D LVL Ceiling panels—CLT CLT
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Proud Kanda Tokyo,
83 Surugadai [46] Japan 2021 483 14 - B B - B B
84 Treet [69] Bergen, Norway 2015 49 14 12 2 3D GLT CLT CLT
) Rotterdam, -
85 Sawa [46] Netherlands ucC 50 16 15 1 1D GLT Ceiling panels—CLT RC
86 503 on Tenth [68] Portland, USA ucC 50 10 - - - - - -
Waurriki Nyal Civic Greater Beams—GLT and
87 Precinct—Ngytan Geelong, uc 52 11 9 2 1D GLT and LVL LVL, RC
Koriayo [68] Australia ceiling panels—CLT
88 Limberlost Place [70] Toronto, Canada ucC 52.5 10 10 0 1D GLT Ceiling panels—CLT Steel
89 Albizzia [71] Lyon, France 2023 53 16 13 3 Hybrid CLT CLT RC
Brock

90 Commons Vancouver, 2017 53 18 17 1 1D GLT Beams—GLT RC

Tallwood Canada

House [66]
91 Hyperion [34] Bordeaux, France 2021 55 16 13 3 1D GLT Beams—GLT, RC

P : ’ ceiling panels—CLT
90 Eunoia Junior College Sllngapore, 2019 56 12 ~ B B ~ B B

[68] Singapore
. Amsterdam, Beams—GLT,
93 Stories [46] Netherlands 2021 56 13 10 3 1D GLT ceiling panels—CLT RC
Lucerne, Beams—GLT,

94 Arbo [72] Switzerland 2019 60 15 15 0 1D GLT and LVL ceiling panels—TCC RC
95 T3 Collingwood [73] Melbourne, 2023 63 15 9 6 1D GLT Beams—GLT, RC
& Australia ceiling panels—CLT

ANDYS at 1510 .
96 Webster Street [46] Oakland, USA 2024 65 19 17 2 1D MPL Ceiling panels—MPP RC
. Hamburg, Beams—GLT,
97 Roots [46] Germany 2024 65 19 15 4 1D GLT ceiling panels—CLT RC
98 Brunfaut Tower [46] Brussels, 2023 69.3 22 - - - - - -
Belgium
99 55 Southbank [41] Melbourne, 2020 69.7 19 - - - - - -
Australia
; Rotterdam,
100 De Karel Doorman [74] Netherlands 2012 70.5 22 - - - - - -
Amsterdam,
101 Haut [75] Netherlands 2021 73 21 19 2 2D CLT TCC RC
102 Kaj16 [46] %Oteborg' ucC 785 16 12 4 - - - -
weden
sara Skellefted
103 Kulturhus . 2021 80 20 20 0 3D CLT CLT CLT
Sweden
Center [76]
. Aarhus, Beams—GLT,
104 TRA [41] Denmark ucC 81.7 20 20 0 1D GLT ceiling panels—CLT RC
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Beams—GLT,
105 HoHo Vienna [77] Vienna, Austria 2019 84 24 24 0 1D GLT ceiling panels—CLT RC
and TCC
Beams—GLT,
106 Mjostarnet [78] Brﬁm““ddal' 2019 84.5 18 18 0 1D GLT ceiling panels—CLT CLT
orway (storeys 2-11) and
Tra8 (storeys 12-18)
- ) Lausanne, Beams—GLT,
107 Tilia Tower [46] Switzerland ucC 85 28 22 6 1D GLT ceiling panels—TCC RC
108 Ascent MKE [79] Milwaukee, USA 2022 86.6 25 20 5 1D GLT Ceiling panels—CLT RC
109 Atlassian Central [80] Sydney, uc 1826 ) i - - - - -
Australia

(@) UC—under construction, @ RC—reinforced concrete.
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