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Timber piles in France

well preserved piles from the roman
circus of Arles (ar. 150 AD)

thousands of years ago…

piles from a Neolithic village, lac de
Chalain (Bronze Age ar. 5,000 BC) 
[UNESCO, 2009]



Timber piles in France

Collège des Bernardins, Paris, built 
on oak piles (1254) [CQL, 2012]

used in marshy zones

oak piles support the Strasbourg 
cathedral (1014 - 1029 ) 



Timber piles in France

timber pile
[BRYANT et al., 2007]

used in marshy zones

Château de Chambord built on oak piles (ar. 1520) 



Timber piles in France

Viaduc des Cent Arches, Libourne
(1848-1850) _ built on pine piles

used until the 20th century

Grand Palais on oak piles, Paris (1897-1900)



Timber piles in France

Pont de Pierre, Bordeaux (1820-1822)

many bridges are standing on timber piles (see Christin, 2013)

Pont Neuf, Paris (1578-1607)



Timber piles in France

Oak timber breakwater, Saint-Malo

Today, timber piles are only used in water for specific works

Fungal attack of beech piles and caps, Rouen
Harbor
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Venice is built on piles!



9

Venice is built on piles!



September 30, 2017

10

Inspection of foundations
- structure
- species
- quality

Assessment and 
improvement
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Durability is proven!!!

(Under the right circumstances)
13659 spruce piles

Royal Palace in Amsterdam: 
13659 wooden pile 
foundation, opened in 1655 
(362 years old…)

Château de Chambord built on oak piles 
(ar. 1520) 
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How to estimate 
the value…



Many factors influence timber pile service life

Some 
factors 
influencing 
timber pile 
decay 



Representation of the problem

situation of the pile to assess     partly decayed cross section

lifetime T: F(T) = Q(T)



Remaining area

starts from the outside            from the inside              from radial cracks 
[BRISCHKE and ROLF-KIEL, 2009]

Different shapes of decay can be observed:
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Degradation of wood caused by 
bacteria

Tangential               – Radial
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Cross sectional strength of healthy pile of 100 years

Van de Kuilen, 2007
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Cross sectional strength of healthy pile of 167 years

Van de Kuilen, 2007
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Cross sectional strength of deteriorated pile of 167 years

Van de Kuilen, 2007
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Compression strength after decay initiation
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Relationship between weight loss and strength loss
brown rot and hardwoods
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Decrease in timber pile strength as function of age
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T im e 

R ,S  R (t)  

S (t)

D is tr ib u tion  
o f life t im e  

D is trib u t ion  o f R (t) 

D is tr ib u tion  o f S (t) 

A ve rag e  life t im e  

Reliability = Short + Long term 
resistance against loads

Assessment of time dependent reliability and 
performance

Goals of TERRE:
- Understand the development of R(t) and S(t)
- Influence this development by material choices and vegetation development
- Understand the interaction between wood, soil and vegetation

Van de Kuilen, 2007



Vermelding onderdeel organisatie
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Damage model for piles 
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Exponential damage model

Van de Kuilen, 2007
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- Time dependent load and load carrying capacity
- Perform time integration to calculate damage state
- Time dependent load and load carrying capacity
- Perform time integration to calculate damage state
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Damage accumulation modelling

Van de Kuilen, 2007
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Lifetime prediction of timber piles - Decay initiated after 50 years of 
service
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Conclusion of the research?
The Queen is safe!



Timber piles:

Sinking soil causes high 
´repair´ costs

Lightweight – easy to apply

Foundation of: 
sewer systems, greenhouses, 
stables etc. 

Foundation of a city park 



Timber piles

Straightness
Diameter
Taper



Timber piles
• Light weight
• Low transport 

costs
• Store CO2
• Low equipment 

costs

Timber piles are ideal 
for lightweight 
(agricultural) structures

Keep the wood 
saturated!



Vermelding onderdeel organisatie

Concrete + Wood



Concrete extension pile
Ground water level > 0.5 
meter above wood pile 



That´s why Dutch tomatoes are so cheap!

36



New timber structures
• Why use timber?

• Timber rots
• Timber burns
• Cutting trees is bad

But….
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New timber structures
• Why use timber?

• Cheap
• Widely available
• Easy to work with
• High strength – weight 

ratio
• Fire safe
• Earthquake resistant

But….
38



Impatto ambientale (Cradle to Cradle) 
(il concetto)

• Steel
• Concrete
• FRP
• Wood
• Aluminium

A comparative analysis of building materials at structure level
Centrum Hout, VVNH



´Cradle to cradle´ : full structure cycle 

Concrete         Steel        Wood  Composites

Total environmental 
costs

Centrum Hout, VVNH



CO2 balance for 1 ton of product: 

• 1 m3 of wood has a net storage of 1.7 tons of CO2

• Concrete has released 160 kilos of CO2

• Steel has released 1.24 tons of CO2

• Aluminium has released 9.3 tons of CO2

Use timber, the most abundant natural 
renewable material available!



• Glued Laminated Timber (Glulam GLT, 
EN 14080)

• 1D Product
• Microlam (Laminated Veneer Lumber –

LVL, EN 14374)
• 1D – 2D Product

• Crosslam – XLAM – CLT
• 2D Product

Structural timber products



Finger joint in a lamella
Finger joints are characterised by 

length, width, tip width 

Adhesive:
Phenol-Resorcinolformaldehyde (PRF)

Melamine-Ureaformaldehyde (MUF)
Polyurethane (PU)

Emulsion Polymer isocyanate adhesive (EPI)



Curved glulam, 2 beams in the press
For curved glulam specialrequirements exist with regard to the Curvature and the 
thickness of the lamellas. Normally, these are: 11 – 22 – 33 – 40 – 45 mm.
Standard thickness for straight beams = 40 mm



Resistenca:
- Glulam: 24 – 48 MPa
- LVL: 40 – 70 MPa
- CLT: 24 MPa

Spruce / Pine / Larice
Beech / Oak / Ash



Sempre più in alto….

Roller Coaster
Amusement Park, Heide-Park Soltau, 

Germany 
Height 52 m, length ca.1300 m, 120 km/h

52 m

77 metres

Pyramidenkogel, Austria



SAP Arena Mannheim; 15.000 seats

Free span 87 m

Long span structures



Aeroporto di CORK Airport in Irlanda (84,50 X 178,00 m)



• Compensato
• Microlamellare

Baubuche = Beech laminated veneer 
lumber

Laminated Veneer Lumber



multilayer

one layer
Cross Laminated Timber



Cross Laminated Timber

51

Brandtner, 2013



Cross Laminated Timber
Strength, stiffness, and flexibility
≈25 manufacturers in Europe + 

US, Canada, New Zealand

France: www.clt-france.fr





Tall structures

100 m

Timber Wind Turbine Tower
Hannover Marienwerder/Germany 
2012
100m height, 100t weight, 1.5 MW, 
supplies 1000 households with 
electricity

Wind turbine:
Height is 100 m
140 m is designed
Material:
Cross Laminated Timber
PU Coating

TimberTower GmbH



Vermelding onderdeel organisatie

Timber-concrete composite floors



Timber-concrete floors

Raadschelders Bouwadvies, NL





CLT-Panel connections

Binderholz









Platform frame vs. Balloon frame

Nachteile: Complex, Brandschutzl
Vorteile: Spannungen // zur faser
Geringe Verformungen pro Stockwerk

Nachteile: Spannungen quer zur Faser, 
Verformungen quer zur Faser
Vorteile: Bau-ablauf mit Plattform
Brandschutz



Platform frame: reinforcement against perp. to grain stresses

Verstärkung von Quer zur Faser beanspruchten Bodenelementen;
Knick von Schrauben!

©ProHolz



Pieces of a puzzle…

Detail for floor-floor / wall-wall connection
Source: P. Zumbrunnen



Life Cycle Tower, Dornbirn, Austria

Source: H. Kaufmann, Architekt
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Source: H. Kaufmann, Architekt



Source: H. Kaufmann, Architekt



Source: H. Kaufmann, Architekt



Source: H. Kaufmann, Architekt



Source: H. Kaufmann, Architekt



Source: H. Kaufmann, Architekt



Source: H. Kaufmann, Architekt



CNR Ivalsa



Multi-storey timber buildings: Hotel Jakarta Amsterdam

Xia  et al. 2014

Source: H. Kaufmann, Architekt



UBC Vancouver – Student Housing

2 concrete storeys, 16 storeys of CLT



• https://www.youtube.com/watch?v=GHtdnY_gnmE
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Source: H. Kaufmann, Architekt



Hotel Jakarta Amsterdam



Hotel Jakarta Amsterdam



Hotel Jakarta Amsterdam



Hotel Jakarta Amsterdam

• Example of a 3D Module



Hotel Jakarta Amsterdam



Hotel Jakarta Amsterdam



Hotel Jakarta Amsterdam



Hotel Jakarta Amsterdam



Hotel Jakarta Amsterdam



Hotel Jakarta Amsterdam



• n x m?

Hotel Jakarta Amsterdam





Hotel Jakarta Amsterdam



Hotel Jakarta Amsterdam



Hotel Jakarta Amsterdam



Prefabricated unit



Hotel Jakarta Amsterdam

Ready for transport





Hotel Jakarta Amsterdam

15 May 2017 
Highest point 
reached! 



Biostructures: a living tree pavillion



Slowly growing….



Vermelding onderdeel organisatie

3D-Laserscan: monitoring, 
nodes, growth prediction, 
structural analysis

Biostructures: a living tree pavillion



Vermelding onderdeel organisatie

Biostructures: a living tree pavilion

Self growing pavilion in 
the botanical garden
Ash trees



• Proof loading…
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Biostructures: a living 
tree pavilion



To be continued….
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Delft, 2018!


