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Royal Palace in 
Amsterdam: foundation
of 13659 wooden piles
Built: 1648 -1665, 375
years old.

Wooden pile foundations: structural analysis and 
assessment of remaining load carrying capacity
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Timber pile foundations

Hamburg
Rotterdam

Venice

Time dependent properties and 
processes: wood, soil, interaction 
(friction, creep)Principle of a pile foundation

May 28 – 30, 2024 Conference on Foundation Decarbonization and Re-use 3

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1
1.1
1.2
1.3
1.4

0.01 0.1 1 10 100 1000 10000 100000 1000000 10000000

Re
la

ti
ve

 lo
ad

 le
ve

l [
-]

Time to failure (hrs)

Time to failure lines in relation to kmod

Wood, 1947 (lin)
Wood, 1951 (hyp)
EC5 - Dry
EC5 - Wet
1 year
50 years
100 years
200 years
300 years
500 years

Timber pile foundations:  static design

Self weight / dead load

Critical cross section

Design of timber structures: short & long term strength 

Van de Kuilen, 1995 
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Time variant mechanical-physical-chemical-
biological loads

Time dependent material properties

Time dependent functional cross sections

Pile cross section
Decrease in timber pile strength as function of age
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degradation, p.e. bacteria
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Functionally adapted damage accumulation
equations

Residual lifetime and load carrying capacity estimates

Intervention level and risk analysis

Timber pile foundations: Principles of service life design

Van de Kuilen, TU Delft / TU Munich
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Cross sectional strength of 
healthy pile of 100 years

Studies on old (extracted) piles

Cross sectional strength of healthy 
pile of 167 years

The strength over the cross section is quite homogeneous, but low. The 
question is whether the strength was low by nature, low because of the 
duration of load effect (mechanical damage accumulation), or whether
the strength was low because of (undetected) biological deterioration
(biological degradation over the full cross section).

Cross sectional strength of non-degraded piles

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

Degraded
outside ring

Non-degraded
centre

• The consequence of the degraded ring, is an increase in stress on the non-degraded part.
• This in turn leads to a shortening time to failure as the ratio of stress/strength in this area increases.
• When assessing existing foundations, the load duration effects have to be taken into account, and 

verification procedure in standard design codes are not applicable for this case: modifications are needed. 

Studies on old (extracted) piles

Van de Kuilen, 2007 
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Classification
Quantification

Wood cell wall 
development under
bacterial decay

Electron microscopy
images: 
Varoussieau, 1949

→ Rate of decay
→ Level of decay

decay vs. strength

Below the 
ground water 
table!

Stage 1 Stage 2

Stage 3Stage 4

Bacterial decay
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Decrease in timber pile strength as function of age
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Strength of old foundation piles

Timber pile foundation after 
removal of contaminated soil 

Van de Kuilen, 2007 
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Ongoing work in the canals: 
sample collection & microdrilling measurements

Microdrilling in piles Extraction of old piles IB Amsterdam
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Microdrilling in decayed wood
IML – Resistograph

- sound
- intermediate

- decayed

Schreurs, 2017 
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Pile strength depends on: growth conditions and origin of 
the trees, location of cross section in the pile, 
ratio of juvenile/heartwood/sapwood, moisture content, 
knottiness, knot size, type and severity of decay, age of 
structure, load level in the pile, service life, ... 

Full scale testing of recovered piles
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Lifetime model for foundations

dec,decc,remc,u A f A f F 00 

remA  0c, ,decf 

Load carrying capacity

Relative healthy cross section
Relative strength of wood

 β-βαA f F totc,u  )1(0

 ( ) ( )( ( )) ( )u c, totF t   f A α t - β t β t 0 1 Time dependent load carrying capacity
→ Damage accumulation for 

assessment of reuse

totA 
0c,f 

Load carrying capacity of pile
Relative strength of wood

Van de Kuilen et al., 2021 
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Development, 
calibration and 
verification of IML

 ( ) ( )( ( )) ( )u c, totF t   f A α t - β t β t 0 1

Decay identification 
based on CT-scanning 
of a pile segment
(Schreurs, 2017)

Microdrilling profile and 
compression strength of 
cut-out small specimens

Example of a lifetime 
simulation based on selected 
decay depths and non-zero 
strength of decayed wood.

Ravenshorst et al., 2024 

Lifetime model for foundations
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Scenario: 
• Biological decay initiated after 50 

years. 
• Decayed wood has 40% strength of 

non-decayed wood
• Cross section reduced by 10%, 30% 

and 50% in short period of time

Damage accumulation effects and time development 
of strength in a degrading foundation
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Concluding remarks

Assessing and addressing re-use of timber pile foundations require an 
assessment of the (expected) load carrying capacity, related to:
• presence of bacterial / fungal decay within the cross section
• the load history that influences future service life
• increased load levels over the centuries 
• a profound analysis of material properties

• In-situ measurements are expensive but necessary → material strength
• Experimental work covers micro-drilling, CT-scanning, full scale testing and 

remaining material strength and stiffness
• Service life models are based on damage accumulation theory, similar to the 

design of new timber structures
• Service life modelling should lead to better estimate of possible future use 

of an existing foundation 
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