
   

 

Peder Granath
Handledare/ Leif Brodersen, Teres Selberg

Supervisor

Examinator/ Anders Johansson

Examiner

Examensarbete inom arkitektur, avancerad nivå 30 hp

Degree Project in Architecture, Second Level 30 credits

21 maj 2013 
 

”Träskrapan”

”The Woodscraper”

 

  



THE WOODSCRAPER
Peder Granath  Thesis Project 21 May 2013  Basic Design Studio  
Supervisors: Leif Brodersen and Teres Selberg
Structural supervisor: Rozan Kaivan

This thirty-storey prototype apartment tower in mass timber is an exploration of the potential of a 
prime building material grown by the sun. Typically the unique architectural qualities of wood have 
been reserved for low- rise typologies, but the performance charac teristics of wood make it a com-
petitive, eco-friendly alternative to steel and concrete in tall buildings. With increasing demand 
for housing in large sustain able buildings, wood should be an important structural material for the 
skylines of the future.

WOOD IN THE CONTEXT OF CLIMATE CHANGE

The building industry represents approx. 1/3 of greenhouse gas emissions worldwide. Since buildings 
are becoming more and more energy-effi cient, the effects of the embodied energy in building struc-
tures become increasingly important. The embodied energy of a building is the amount of  energy 
required to extract, process, transport, and install all the materials needed to build the building. In this 
respect, wood structures embody a signifi cantly lighter carbon footprint than steel and concrete and 
offer a viable approach for meeting the challenges of climate change.

CONCLUSION

Wood as a building material is a highly attractive alternative to the traditional energy-inten sive 
materials even for tall buildings. We are now at a turning point when shifting conditions for the 
building industry as well as shifting construction needs on a global scale will force us to question 
the fundamentals of how we have been building for the past century and rethink how we will 
build in the future. The time has come to release the full potential of wood, a material that is not 
only strong and durable and has unique spatial characteristics; it is also the greenest of building 
materials and therefore equips architects, engineers and owners with a powerful tool for reducing 
greenhouse gas emissions and storing carbon dioxide in the tall buildings of tomorrow.
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ENGINEERED WOOD PRODUCTS USED IN THIS PROJECT 

‒ CROSS-LAMINATED MASS TIMBER PANELS (CLT) 

‒ LAMINATED VENEER LUMBER BEAMS (LVL)

The high-rise building of this project has an all-wood 
structure above grade. Multi-layered cross-laminated 
mass timber panels are used for fl oor slabs, all exterior 
and interior walls, and for the roof, while the beams 
used are made of laminated veneer lumber.

The development of these engineered wood products 
represents a shift in the way raw lumber is manufac-
tured into a fi nished value-added product. The lamina-
tion process makes these products considerably stron-
ger than a non-laminated element of standard timber 
of equal dimensions. This has an important effect in the 
way our forests are being sustainably harvested, since 
laminated mass timber products can take advantage 
of lower-grade lumber which in the past was never 
considered for structural use.

CHARRING DIAGRAM FOR A MASS TIMBER ELEMENT EXPOSED TO FIRE

1. Outermost layer of charred wood

2. Zone of pyrolysis (7-16mm depending on type of product) with 
    greatly reduced bearing capacity

3. Normal wood (no reduction in bearing capacity)

The rate at which a wood member will burn away depends on numerous 
factors, such as the type of wood, its density, moisture content, loads, and 
the character and development of the fi re. An average fi gure of 0.65 mm/
min (39 mm/hour) for a fully-developed fi re is frequently used for structural 
calculation purposes.

outlined in the section on regulatory compliance. In the long term, 

as sustainability objectives for building designs increase, exposed 

with conventional fire-rated gypsum board or equivalent systems. 

This situation will change as new technology, that enables building 
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CROSS-LAMINATED MASS TIMBER PANELS

CLT panels consist of a number (usually three to seven) of layers of boards stacked crosswise and glued together. 
The most common types of wood used in the manufacturing of CLTs are pine and spruce.

LAMINATED VENEER LUMBER

LVL beams and panels are made up of thin layers (2.5 - 4.8mm) 
of wood veneers glued together. Unlike CLT panels, laminated 
veneer lumber has all its layers oriented in the same direction. 
Common types of wood used for LVL products include pine, 
spruce and aspen.

FIRE PERFORMANCE OF LAMINATED MASS TIMBER 

Mass timber structures have fi re-performance charac-
teristics that are entirely different from regular wood-
frame construction. The solid mass of laminated timber 
panels causes a layer of char to form in the event of 
fi re. This superfi cial char layer retards further combus-
tion considerably and, as a result, mass timber panels 
maintain their structural integrity for a relatively long 
time in a fi re.

A laminated mass timber fl oor slab after two hours of fi re exposure. 
The sacrifi cial depth (char layer plus pyrolysis zone), indicated here 
by diagonal hatching, has lost all structural capacity.

A glulam column exposed to fi re on three sides for 
two hours. No bearing capacity in sacrifi cial (grey) 
zone.

REFERENCES ‒ TALL WOOD BUILDINGS

STADTHAUS (a.k.a. MURRAY GROVE), LONDON

Building type: Residential, 9 storeys
Completion: 2008
Structure: Mass timber panels (CLT) from the second fl oor up,
                  ground fl oor in concrete
Architect: Waugh Thistleton Architects

FFTT (FINDING THE FOREST THROUGH THE TREES), VANCOUVER

Building type: Residential/Offi ce, up to 30 storeys
Completion: Unrealized pilot project
Structure: Mass timber panels (CLT/LVL), glulam columns, glulam and steel beams
Architect: MGB Architecture + Design

APARTMENT BUILDINGS, SUNDBYBERG

Building type: Residential, 8 storeys
Completion: 2013-
Structure: Mass timber panels (CLT) and glulam beams
Architect: Wingårdh Arkitektkontor

LIFECYCLE TOWER, AUSTRIA

Building type: Mixed use, up to 30 storeys
Completion: Unrealized
Structure: Glulam columns, hybrid fl oor slabs (glulam beams and concrete), concrete core
Architect: CREE (Creative Renewable Energy and Effi ciency)

Growing trees absorb large amounts of CO
2
 from the atmo-

sphere. This is stored in the wood even after harvesting and 
manufacturing into timber products. While some quantity of 
CO

2
 is inevitably released (and generated) in the process 

of milling, the net effect is that 8,3 kg of CO
2 
has been ab-

sorbed for every kg of engineered timber produced.

It is important that a building’s wood components are either reused, or trans-
formed to other uses, at the end of the building’s life cycle. Otherwise the se-
questered CO

2
 will eventually be released into the atmosphere through decom-

position of the wood.

When trees reach maturity and start growing more slowly, the amount 
of CO

2
 they absorb from the atmosphere diminishes. Therefore, sustain-

able forest management involves harvesting trees before their growth 
slows. The harvested areas are then reforested with younger trees that 
have a greater CO

2
-absorbing capacity.
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190mm CLT panels

190mm CLT panels

190mm CLT panel
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Recessed through bolts

Washer in recess

Self-tapping screws staggered
over full height of wall corner

200 mm

Staggered self-tapping screws
over full panel length

200 mm

Staggered self-tapping screws
over full wall height

STRUCTURAL SYSTEM

On top of a four-storey foundation of concrete, the above-grade 
all-wood strucure is based around a central stair and elevator 
core built of cross-laminated mass timber wall and fl oor panels. 
Laminated veneer lumber beams connect the exterior walls to 
the central core and support the fl oor slabs, which are made up 
of CLT panels.

Four sturdy demising walls radiating from the core constitute, 
along with the core itself, the main lateral load-resisting system for 
the building. The exterior walls are designed as a self-supporting 
system of CLT panels and continuous LVL beams all along the wall 
perimeters.

A comparison of material properties between a conventional 
high-rise structure in concrete and a solid wood system such as 
the one presented here shows that laminated mass timber pan-
els have a structural capacity which attains the same order of 
magnitude as concrete for all critical load cases, including stiff-
ness, shear performance, axial resistance and fl exure in and out 
of plane. Furthermore, the fact that a solid wood structure weighs 
just a quarter of a system in reinforced concrete further allevi-
ates the stress on load-bearing components, which is of particular 
interest concerning the lower fl oors. The reduced overall weight 
also brings about signifi cant savings in foundation costs.

ASSEMBLY

This structural system is designed for a high degree of pre-fabri-
cation with a view to optimise speed of construction and cost-
effi ciency. It is therefore envisaged that the core and bearing-wall 
systems be assembled in larger sections off site, then erected 
several stories at a time using a tilt-up method.
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Section Detail of Floor Panels - Typical Horizontal Joint  1:10

Plan Detail of Wall Panels - Typical Vertical Joint  1:10

Plan Detail of Wall Panels - Typical Vertical Joint at Corner  1:10

Section Detail of Wall Panels - Typical Horizontal Joint  1:10

ASSEMBLY DIAGRAMS

1. Outer core
2. Bracing
3. Core fl oor panels

1. Exterior walls (second lift)
2. Bracing

Typical Floor Plate - Residental Floor (3-29) 1:200
Layout of CLT Floor Panels in Apts and Core

Axonometric view of structural components  N.T.S. 

Typical Floor Plan - Residental Floor (3-29) 1:200

30th Floor Plan  1:200
Community Rooms and Mechanical Penthouses

Second Floor Plan 1:200
Laundry and Meeting Rooms

Ground Floor Plan 1:200
Event Spaces, Janitorial Rooms, Postboxes,
Egress Corridors

Upper Basement Levels (-1 and -2) 1:200
Bicycle Racks

Lower Basement Levels (-3 and -4) 1:200
Residents’ Storage Compartments

Building Section 1  1:200 Building Section 2  1:200
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PANEL JOINT DETAILS
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Section 3  1:50 View of South Corner Apartment

Section 4  1:50

Southwest Elevation  1:200 Southeast Elevation  1:200 Northeast Elevation  1:200 Northwest Elevation  1:200

Typical Floor Plan - Residential Floor (3-29)  1:100
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Rigid insulation 60mm

Foamglas 2-tier waterproof terrace assembly
with staggered joints:
Top layer tapered 1/90 - 60mm average
Bottom layer - 40mm

Wood roof decking on sleepers

Cross-laminated mass timber panels 190mm

Mass timber ceiling panel 20mm

Roof

90270

Cross-laminated mass timber roof slab 285mm

Foamglas 3-tier waterproof roof assembly
with staggered joints:
Top tier tapered 1/45 - 150mm average
Bottom and middle tier - 100mm

Gravel 200mm

Mass timber ceiling panel 20mm

Batt insulation 50mm for sound
absorption

Sprinklers

5
0
0

Cross-laminated mass timber panels 190mm
(exposed)

Air space 30mm

Air barrier and dampproofing

Mass timber panel 30mm

Mass timber floor board 16mm

Radiant floor heating 12mm

Rigid insulation 12mm
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Rigid insulation 2 x 60mm

190

370

Cross-laminated mass timber panels 190mm
Gasket to reduce floor-to-wall
sound transmission

Mass timber ceiling panel 20mm

Batt insulation 50mm
for sound absorption

Sprinklers
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Mass timber panel 20mm

Electrical outlet

Gap to reduce sound transmission 12mm

Wood studs 70mm and
batt insulation for sound absorption

Cross-laminated mass timber panels 210mm

Mass timber floor board 16mm

Radiant floor heating 12mm

Rigid insulation 12mm

Cross-laminated mass timber panels 190mm
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LVL beam 190mm x 470mm Gasket to reduce floor-to-wall
sound transmission

Mass timber ceiling panel 20mm

Batt insulation 50mm
for sound absorption

Sprinklers

5
0
0

Electrical outlet

Mass timber floor board 16mm

Radiant floor heating 12mm

Rigid insulation 12mm
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Air space 20mm

Wood studs 70mm and batt
insulation for sound absorption

Cross-laminated mass timber panel 40mm
(exposed)

240

Cross-laminated mass timber panels 190mm

Mass timber ceiling panel 20mm

Batt insulation 50mm
for sound absorption

Sprinklers
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Mass timber floor board 16mm

Radiant floor heating 12mm

Rigid insulation 12mm
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Wood stud 70mm

Cross-laminated mass timber panel 20mm
(exposed)

110

Cross-laminated mass timber panels 190mm

Interior Partition  1:10

LOCATION - AN ILLUSTRATION OF A POSSIBLE SITE AND CONTEXT FOR THIS PROTOTYPE BUILDING

The Woodscraper has been designed not for a specifi c location but as a prototype to be adapted and applied 
to different real-world scenarios, each with its own unique character, constraints and opportunities. These images 
show Norra Djurgårdsstaden in the north of Stockholm, an area of extensive urban development. In the south-
eastern part called Loudden (far left in top image), currently a container harbour, there are plans for a new 
neighbourhood with housing and offi ces in a fairly dense urban setting with buildings up to 12 storeys.

Interior non-loadbearing demising wall  1:10

Exterior Wall  1:10

Roof Section  1:20

Terrace Section (30th Floor)  1:50 and 1:10

Interior load-bearing partition  1:10

WALL AND FLOOR SECTIONS

ROOF AND TERRACE ASSEMBLIES

Rigid insulation 20mm

Mass timber panel 20mm

FLERFAMILJSHUS I TRÄ
PEDER GRANATH
EXAMENSARBETE ARKITEKTEXAMEN 300HP VT 2013
BASIC DESIGN STUDIO
HANDLEDARE: LEIF BRODERSEN OCH TERES SELBERG

Jag vill framför allt fokusera på två saker under mitt examensprojekt: ekologisk hållbarhet och träkon-
struktion. När det gäller ekologisk hållbarhet är det främst energihushållning som intresserar mig. Därför 
vill jag inom ramen för det här projektet studera hur energin till min byggnad (uppvärmning, hushållsel...) 
kan tillföras genom förnybara energikällor, samt hur den tillförda energin på bästa sätt tas tillvara i bygg-
naden. 

Det är i första hand träets �gröna� aspekter som gjort att jag väljer att arbeta med trä som såväl konstruk-
tionsmaterial som fasadmaterial, men även de arkitektoniska kvalitéer som uppnås genom att bygga i trä. 
Dessutom har trä som konstruktionsmaterial fördelar i samband med själva byggandet: Trä kräver ingen 
torktid som betong och leder därmed till en effektivisering av byggprocessen. Det är dessutom relativt lätt 
och behöver inte lika mycket grundläggning.

Referensprojekt: 

Fyra stycken åttavånings trähus vid Bällstaviken i Sundbyberg, inflyttning 2013 (Wingårdhs/Folkhem).

Typologi: Jag har för avsikt att rita ett relativt stort och högt bostadshus. Eftersom trä som byggnadsma-
terial traditionellt har förknippats med en småskalig arkitektur vill jag undersöka hur trä kan komma till sin 
rätt även i större projekt. 

Plats: Jag har inte valt plats än. Valet står mellan att antingen välja en plats i Stockholm med omnejd 
som genom sin närhet är lättillgänglig och som jag skulle kunna besöka regelbundet under projektets 
gång, eller att välja en plats någon helt annanstans, i Sverige eller utomlands, som skulle föranleda en 
studieresa som kunde ge viktig inspiration och input till projektet.

Inriktning: Min avsikt är att fokus i projektet hela tiden ska ligga just på ekologisk hållbarhet (förnybar 
energi, isolering, passiv hus) och på träets möjligheter och kvalitéer som material för både konstruktion 
och fasad. Jag föreställer mig därför att själva gestaltningsarbetet kommer att föregås av ett ganska om-
fattande analysarbete med avseende på ekologi och konstruktion.

Referenslitteratur: Mola, Francesc Zamora: �Wood Houses�
 Yeang, Ken and Arthur Spector: �Green Design: From Theory to Practice�
 
                      

Stadthaus i London från 2009, med nio våningar världens högsta trähus (Waugh Thistleton).

In a way one might say that my thesis project was begun several years ago, 

in year 2. Or rather, it was back then, in the course of our structural engineer-

ing teaching, that I developed a special interest in wood construction. In 

particular it was the new, innovative techniques for building large-scale struc-

tures that interested me the most. From this came an intention to try to focus 

more on wood construction at a later phase in my architectural education.

Deciding, in year 5, to make tall buildings in wood the subject for my thesis 

project became an even easier choice to make in view of the develop-

ments that had then taken place in this ! eld over the past few years. What 

has happened is that tall wood construction has became even more topical 

than it was a few years ago and several groundbreking projects have since 

then seen the light of day. This is the case in Sweden and also in many other 

countries around the world.

At the same time, one could hardly say that progress in this area has been 

particularly fast. Worldwide, tall buildings in wood are indeed few and far 

between, and are still very much a phenomenon of an experimental nature. 

And so far, no truly tall wood buildings have yet been realized, not even in a 

hybrid form (such as wood/concrete).

This may seem surprising considering how well wood compares to the incum-

bent structural materials for tall buildings, i.e. steel and concrete. This is true 

for the load-bearing structural capacity of solid wood as well as, and not 

least, for its impressive ! re performance. All in all, there is an obvious potential 

for wood as a large-scale building material in the future and this has made it 

all the more interesting to do a thesis project about wood.

As my project has progressed, two major decisions regarding its focus have 

been fundamental in determining the ! nal outcome. First of all the decision 

to give primary focus to the special technical issues relating to tall wood con-

struction in order to enable a satisfactory level of design development in this 

area, being as it was the very core of my project and its de! ning characteris-

tics. The other major decision that had a very large impact on my ! nal design 

proposal for a tall prototype residential building in wood had to do with the 

very role wood as a material should play in my building. This was a process 

which involved questioning the involvement of any other material, structural 

or otherwise, with a determination to take the use of wood as far as possible. 

The result of this approach manifested itself in several areas of the design. 

First of all, the structural system became more streamlined and straightfor-

ward, resulting in an all-wood structure. And from the point of view of spatial 

experience, the effects of this �wood-everywhere� strategy was perhaps 

even greater. It brought about the creation of an all-wood experience in the 

residential spaces and common areas of the building, with wood being ex-

posed as surface material on walls (exterior as well as interior), " oors, ceilings, 

casework and door and window framing. 

All of this required a deeper research into the performance of wood in order 

to accurately evaluate its viability in many different areas and overcome the 

obstacles encountered along the way. From a learning point of view, it had 

the bene! t of a deeper understanding of the true potential of wood as a 

building material.
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