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Todai-ji Temple, Nara, 751 AD
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© Derek Ramsey

Schaffhausener Brücke, Schaffhausen, 1758, Hans Ulrich Grubenmann
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© B. Zöllig Söhne

Reithalle Langensand, Luzern, 1932
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© Mike Schwartz © Richard Meier & Partners

Smith House, Conneticut, 1965, arch. Richard Meier & Partners Architects, eng. William Atlas
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© Marco Vedana

© SAN Ingenieure

Multihalle, Mannheim, 1975, arch. Frei Otto, Carfield Mutschler, Joachim Langner, eng. BuroHappold
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© Georg Aerni

Swiss School of  Engineering for the Wood Industry, Biel, 1997, arch. Meili Peter Architekten
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© Mark Winkel

Expo Dach, Hanover, 2000, arch. Herzog & Partner, eng. IEZ Natterer GmbH
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© Blumer-Lehmann AG

Tamedia Office Building, Zürich, 2013, arch. Shigeru Ban
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© ICD/ITKE/IIGS University of Stuttgart© ICD/ITKE/IIGS University of Stuttgart

Landesgartenschau Exhibition Hall, Schwäbisch Gmünd, 2014, arch. ICD, eng. ITKE
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© Giulia Boller
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Mechanical Properties

Nadelholz - Douglasie
Softwood - Douglas fir  

Laubholz - Eiche
Hardwood - Oak

Nadelholz und Laubholz
Softwood and hardwood
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Deciduous wood  (Laubholz) 

Coniferous wood (Nadelholz)

Schwarznuss - Black Walnut Rote Eiche - Red Oak

Weisskiefer - White Pine Gelbkiefer - Yellow Pine

Innere Struktur
Inner structure
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Lärche - Larch
(Larix decidua)

Kiefer - Pine
(Pinus sylvestrie)

(Weiss-)Tanne  - Fir
(Abies alba)

Fichte - Spruce
(Picea abies)

Nadelholz - Softwood

Ahorn - Maple
(Acer pseudoplatanus)

(Rot-)Buche - Beech
(Fagus Syvatica)

Robinie - Locust
(Robinia pseudoacatia)

Eiche - Oak
(Quercus robur)

Laubholz - Hardwood

Nadelholz und Laubholz - verschiedene Arten
Softwood and hardwood – different species
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© Tink Up

Druckversuch
Compression test
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Druckversuch
Compression test
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Biegeversuch
Bending test
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© Tink Up

Biegeversuch
Bending test
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Holz (Tannenholz), Spannungs-Dehnungs-Diagramm
Timber (Fir wood), stress-strain diagram
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Spannungs-Dehnungs-Diagramme für die wichtigsten Baustoffe
Stress-strain diagrams for the main structural materials
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σ1 [N/mm²]

σ2 [N/mm²]

Holz (Tannenholz), Versagenskriterium in 2D
Timber (Fir wood), failure criterion in 2D
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Versagenskriterien für die wichtigsten Baustoffe
Failure criteria for the main structural materials
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Holz (Tannenholz), Veränderung der Festigkeit in Abhängigkeit vom Spannungswinkel
Timber (Fir wood), strength variation according to the stress angle
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Veränderung der Festigkeit in Abhängigkeit vom Spannungswinkel
Strength variation according to the stress angle
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Mechanische Eigenschaften von Massivholz
Mechanical properties of solid wood
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Einfluss der Feuchtigkeit auf  die Tragwiderstand und Steifigkeit
Influence of  moisture on the load-bearing resistance and stiffness
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• Äste - Branches
• Dimension des Jahrringes - Dimension of the growth ring
• Verteilung der Fasern - Distribution of the fibres
• Harz - Resin
• Wachstum der Rinde - Bark growth
• Art des Schnittes - Type of cut
• Baumkante und Rinde - Tree edge and bark
• Reaktion Holz - Reaction wood
• Verfärbung - Discoloration
• Fäulnis - Decay
• Insektenbefall - Insect infestation
• Risse - Cracks
• Krümmung - Curvature
• Oberfläche - Surface

Grade A
Premium Quality

Grade N
Normal Quality

Grade I 
Industrial Quality

Visuelle Festigkeitssortierung
Visual strength-grading
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Visuelle Festigkeitssortierung (Quelle: Qualitätskriterien für Holz und Holzwerkstoffe im Bauwesen und Ausbau - Lignum)
Visual strength-grading (Source: Quality criteria for wood and wood-based materials in construction and finishing - Lignum)
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Verformungen

Verformungen

Verformung bei Bewitterung
Deformation under weathering

Verformung ohne Bewitterung
Deformation without weathering

Langfristige Verformungen von Holz unter Belastung
Long-term deformations of  timber under stress
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© Franco Metti

Brettschichtholz (Leimholz)
Glued-laminated timber (Glulam)
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© Tink Up

Brettschichtholz (Glulam) - Druckprüfung
Glued-laminated timber (Glulam) - Compression test
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© Tink Up

Brettschichtholz (Glulam) - Druckprüfung
Glued-laminated timber (Glulam) - Compression test
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Brettschichtholz aus Nadelbaumholz
Glulam from coniferous wood
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© Hiroyuki Hirai
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© Giulia Boller

Verarbeitung von Holz
Processing timber
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© Giulia Boller

Verarbeitung von Holz
Processing timber
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Unterschiedliche Ausrichtung der Schnitte in Bezug auf  die Jahrringe des Holzes
Different orientation of  cuts with respect to wood growth rings
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Abmessungen von Bauholz
Dimensions of  construction timber
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Deciduous – hardwood Logwood – Inner core

Massivholz und entsprechende Profile
Solid timber and respective sections

Nadelholz– Softwood 
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Logwood – Inner core

Massivholz und entsprechende Profile
Solid timber and respective sections

Laubholz – HardwoodNadelholz– Softwood 
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Nadelholz– Softwood Blockholz– Inner core

Massivholz und entsprechende Profile
Solid timber and respective sections

Laubholz – Hardwood
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Kreuzbalken - Composite timber beam Gluelam (ger. Brettschichtholz BSH)Duo-/Triobeam

Holzverbundstoffe und entsprechende Profile
Timber composites and respective sections
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Gluelam (ger. Brettschichtholz BSH)Duo-/Triobeam

Holzverbundstoffe und entsprechende Profile
Timber composites and respective sections

Kreuzbalken - Composite timber beam 
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Brettschichtholz BSH - GlulamDuo-/Triobeam

Holzverbundstoffe und entsprechende Profile
Timber composites and respective sections

Kreuzbalken - Composite timber beam 
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© Rubner Holzbau

Brettschichtholz (Leimholz)
Glued-laminated (Glulam) timber
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© Rubner Holzbau

Brettschichtholz (Leimholz)
Glued-laminated (Glulam) timber
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Brettschichtholz (Leimholz)
Glued-laminated (Glulam) timber
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© Jack Hobhouse

Freemen’s School Swimming Pool, Surrey, 2017, arch. Hawikins/Brown
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© Fausto Franzosi

Asilo Nido, Guastalla, 2015, arch. Mario Cucinella Architects
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© Michel Denancé

Jérôme Seydoux - Pathé Foundation, Paris, 2014, arch. Renzo Piano Building Workshop, eng. VP Green
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© WoodSolutions AUS

Brettsperrholz (CLT)
Cross-laminated timber (CLT)
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3 LAYERS 5 LAYERS 7 LAYERS

Brettsperrholz (CLT)
Cross-laminated timber (CLT)
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© IDC/ITKE

Urbach Tower, Urbach, 2019, arch. ICD, eng. ITKE
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© IDC/ITKE

Urbach Tower, Urbach, 2019, arch. ICD, eng. ITKE
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© Giulia Boller

Nichttragende Holzplatten
Non-structural timber panels
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Furnierschnittholz
Veneer Lumber

Furniersperrholz
Veneer Plywood

Sandwich-Paneel
Sandwich Panel

Einschichtige Massivholzplatte
Single Ply Solid Wood Panel

Sandwich PanelMehrschichtige Vollsperrholzplatte
Multilayered Solid Plywood Panel

Sandwich-Paneel
Sandwich Panel

Nichttragende Holzplatten
Non-structural timber panels
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DendroLight
DendroLight

Flexibler Verbundwerkstoff
Flexible Composite Material

Leichte Platte
Lightweight Panel

OSB
OSB

Spanplatte
Chipboard

MDF
MDF

Nichttragende Holzplatten
Non-structural timber panels
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© Lamit Industries

OSB-Platten als Aussteifungselemente
OSB panels used as stiffening elements
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© Shigeruban Architects

Holz-zu-Holz-Verbindungen
Timber-to-Timber connections
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© Lucia Degonda

Butchery, Vrin (Graubünden), 1998 arch. Gion A. Caminada
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© Böhringer Friedrich

GESPALTET
STACKED
(Log cabins)

FEST
FIXED

(Timbered rood structures)

DREHGELENK
SWIVEL JOINT

(Tamedia Office Building, Zürich)

© Shigeruban Architects© Franz Habisreutinger

Holz-zu-Holz-Verbindungen
Timber-to-Timber connections

© Shigeruban Architects
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KERBE
NOTCH

(Singular wall)

SCHWALBENSCHWANZ
DOVETAIL

(Singular)

KERBE
NOTCH

(Double Walls)

Holz-zu-Holz-Verbindungen
Timber-to-Timber connections
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© Toothpicknations

Danjo Garan Temple, Koyasan, 9th century
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© Davide Tanadini

Japanische Holz-zu-Holz-Verbindungen
Japanese Timber-to-Timber Connections 
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© Shinkenchiku-sha Co., Ltd

Holz-Stahl-Verbindungen
Timber-to-Steel Connections 
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WINKEL
ANGLE

PLATTE
PLATE

© OZCO © XUNENGSUN

BUCHSE
SOCKET

© Unik Design© Holz Technic

Holz-Stahl-Verbindungen
Timber-to-Steel Connections 
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© Achievedesigns

GEBOLZT
BOLTED

(OWT Timber Bolts)

VERSCHRAUB
SCREWED

(IMS, Lakeville)

EINGELEGT
INLAID

(Oak Framed House)

© Robert Benson © Carpenter Oak & Woodland

Holz-Stahl-Verbindungen
Timber-to-Steel Connections 
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© OZCO

VERSCHRAUBT
SCREWED

(Canary Wharf Station, London)

EINGELEGT
INLAID

(Nine Bridges County Club, Jeju )

© Nigel Young / Foster & Partners © Hiroyuki Hirai

GEBOLZT
BOLTED

(OWT Timber Bolts)

Holz-Stahl-Verbindungen
Timber-to-Steel Connections 
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© Rothoblaas

VERSCHRAUBT
SCREWED

WINKEL
ANGLE

MODULAR
MODULAR

© Andrea Bernasoni© Tony Neilson

Holz-Stahl-Verbindungen für Brettsperrholztafeln
Timber-to-Steel Connections for Cross-Laminated Panels
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Residential building, Jenaz, 2003, P. Zumthor
Blockbau, Strickbau
Log cabin

© Walter Mair
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Traditioneller Fachwerksbau- bzw. Riegelbau
Half-timbered building Unfinsihed “Riegelhaus”

© Richard Huber
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Ständerbau
Balloon Frame Vacation home, Maggiatal, 1998, R. Briccola

© Friedrich Busam
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Rahmenbau
Platform Frame Apartment building Smith, Conneticut, 1968, Richard Meier

© Mike Schwartz
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Skelettbau
Skeleton construction Jugenddorf, Cieux, 1985, R. Schweizer

© Arsign Editions
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Tafelbau
Panel construction Bearth-Canidas House, Sumvitg, 1998, Bearth and Deplazes

© Ralph Feiner
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Feuerschutz
Fire Protection
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© Remmers Loeingen© IBK © SHL Ingeniere GmbH

NATÜRLICH
NATURAL

(Protection with surface charring)

BESCHICHTED
COATED

(Fire coating)

UMHÜLLT
ENCASING

(Wood as protective layer)

Feuerschutz
Fire Protection
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© SFW Construction© Bader Windach© Enhancedoutdoorliving

WASSERSCHADEN
WATER DAMAGE

(Fowing water)

WASSERSCHADEN
WATER DAMAGE

(High relative moisture)

TROCKENFÄULE
DRY ROT

(Fungal decay)

Wasser und Pilzbefall
Water and Fungal deterioration
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© Lucia Degonda

SOCKEL
BASE

(Butcher, Sum Vitg)

PUNKTUELL
PUNCTUAL

Wind Eaves Pavilion (Taiwan)

© Ben Hosking© Takumi Ota Photography

PLATTE
PLATE

(Wooden Bridge Museum, Yusuhara)

Verbindung zum Boden
Connection to the Ground
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Multipurpose Hall Vrin
Vrin (Graubünden), 1996

Architect: Gion A. Caminada
Engineer: Jürg Conzett
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© Ralph Feiner



111

© Lucia Degonda



112Fallstudie: Mehrzweckhalle Vrin
Case Study: Gym Vrin

„The use of wood as a building material was a 
logical decision, since the municipality of Vrin
has ample stocks of fir wood. (…)
Extraordinary in this timber construction are
in particular the large spans, which were to be
bridged in favor of the multi-purpose hall. In 
this respect, the influence of the civil engineer
Jürg Conzett was of great importance, because
the novel roof construction in wood is due to
his ingenuity. 

The result is a binder construction as an 
under-stretched system. Five laminated
wooden slats of 24 mm thickness serve as tie
rods. This construction method makes the
entire roof space visible, and contributes
significantly to the generous spatial effect. „

Archipicture
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© Oskar Brunner
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Put a nice picture of the 
Caminada project

© Oskar Brunner

Gym Vrin, Vrin, 1996, arch. Gion A. Caminada, eng. Jürg Conzett
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©

© Christoph Engel© Christoph Engel



116Fallstudie: Mehrzweckhalle Vrin
Case Study: Gym Vrin

© Christoph Engel© Christoph Engel
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Case Study: Gym Vrin

„The guiding principle of architecture […] is
„difference“. This difference arises from the
distinctive relevance of the site. An 
„elemental“ building works towards this and
strives to create an added value to the local life. 
The core idea is to create spaces that are
directly related to people that inhabit them.„

Gion A. Caminada
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© Oskar Brunner
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Vertikale Lasten
Vertical loads
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Vertikale Lasten
Vertical loads

6.65 m

11.4 m
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6.65 m

11.4 m

Timber (Fir)
ρ = 5 kN/m3

Calculation of  loads

Dead loads
Roof  tributary area of  one arch-cable: 2.8 m · 13.3 m = 37.25 m2

Gslab = Roof  sheeting + Planks = 0.5 kN/m2 · 37.25 m2 = 18.62 kN

Gbeam = 1.7 m3 · 5 kN/m3 = 8.5 kN

Live loads (snow)
Qsnow = 1.5 kN/m2 · 37.25 m2 = 55.87 kN

Total design load 

Gd + Qd = 1.35 · ( 18.62 kN + 8.5 kN) + 1.5 · 55.87 kN = 120.42 kN

gd + qd = 120.42 kN / 11.4 m ≈ 10.6 kN/m

Vertikale Lasten
Vertical loads
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Vertikale Lasten
Vertical loads

gd + qd = 10.6 kN/m
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Vertikale Lasten
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© Lucia Degonda
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© Christoph Engel
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© Lucia Degonda
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Horizontal Loads

Wind
qwind = 1.0 kN/m2

Horizontale Lasten
Horizontal loads
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Horizontal Loads

Wind
qwind = 1.0 kN/m2

Tributary Areas
A1 = (3.2 m · 0.8 m)/2 = 1.3 m2

Horizontale Lasten
Horizontal loads



144Fallstudie: Mehrzweckhalle Vrin
Case Study: Gym Vrin

Horizontal Loads

Wind
qwind = 1.0 kN/m2

Tributary Areas
A1 = (3.2 m · 0.8 m)/2 = 1.3 m2

A2 = (3.2 m · (0.8 m + 0.8 m))/2 = 2.6 m2

Horizontale Lasten
Horizontal loads
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Horizontal Loads

Wind
qwind = 1.0 kN/m2

Tributary Areas
A1 = (3.2 m · 0.8 m)/2 = 1.3 m2

A2 = (3.2 m · (0.8 m + 0.8 m))/2 = 2.6 m2

A3 = (3.2 m · (0.8 m + 7.2 m))/2 = 12.8 m2

Horizontale Lasten
Horizontal loads
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Horizontal Loads

Wind
qwind = 1.0 kN/m2

Tributary Areas
A1 = (3.2 m · 0.8 m)/2 = 1.3 m2

A2 = (3.2 m · (0.8 m + 0.8 m))/2 = 2.6 m2

A3 = (3.2 m · (0.8 m + 7.2 m))/2 = 12.8 m2

A4 = (3.2 m · 7.2 m)/2 = 11.5 m2

Horizontale Lasten
Horizontal loads
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Horizontal Loads

Wind
qwind = 1.0 kN/m2

Tributary Areas
A1 = (3.2 m · 0.8 m)/2 = 1.3 m2

A2 = (3.2 m · (0.8 m + 0.8 m))/2 = 2.6 m2

A3 = (3.2 m · (0.8 m + 7.2 m))/2 = 12.8 m2

A4 = (3.2 m · 7.2 m)/2 = 11.5 m2

Horizontale Lasten
Horizontal loads
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Horizontal Loads

Wind
qwind = 1.0 kN/m2

Tributary Areas
A1 = (3.2 m · 0.8 m)/2 = 1.3 m2

A2 = (3.2 m · (0.8 m + 0.8 m))/2 = 2.6 m2

A3 = (3.2 m · (0.8 m + 7.2 m))/2 = 12.8 m2

A4 = (3.2 m · 7.2 m)/2 = 11.5 m2

Wind Forces
F1 = qwind · A1 = 1.3 kN
F2 = qwind · A2 = 2.6 kN
F3 = qwind · A3 = 12.8 kN
F4 = qwind · A4 = 11.5 kN
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Horizontal loads
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Horizontal Loads

Wind
qwind = 1.0 kN/m2
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Saint Benedict Chapel
Sumvitg (Graubünden), 1988

Architect: Peter Zumthor
Engineer: Jürg Buchli & Jürg Conzett
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Wood House
Colico Lagoon, 2014-2015

Architect: Smiljan Radic
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Nine Bridges Country Club
Jeju Island (South Korea), 2009

Architect: Shigeru Ban
Engineer: Blumer Lehmann
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