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Semi Probabilistic approach to 
reduce maintenance costs of 

wooden pile foundations

Rob Brinkman – Deltares

Timo Schweckendiek – Deltares
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Outline

• Problem: Reduce costs for maintenance of (historic) bridges in Amsterdam

• Previous solution: Based on calculation values

• New solution: Based on probabilistic approach

• Challenges: Obtain data for probabilistic approach

• Conclusion: What are the benefits
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Amsterdam bridges
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Bridges in Amsterdam
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• wooden piles under historic bridges (> 200)

• limited possibility for inspection

• bacterial degradation
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Pile geometry
• Pile properties:

• Bacterial degradation -> 

• Skin does not contribute to strength

• Top diameter

• Tapering

• Timber strength

• Top load

• Redistribution

• Structural assessment:
• Check timber strength (ftimber) is sufficient to carry 

stress (fpile) due to top load

• Geotechnical assessment
• Check whether pile-soil interaction is enough to 

carry top load
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Pile-soil interaction
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Solution with calculation values
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Load (effect) 
model

Effects of 
actions (E)

Ed

Resistance
model

Rd

Resistance

input variables input variables

Ed ≤ Rd

(Eurocodes)

𝑈𝐶 =
𝐸𝑑
𝑅𝑑

UC < 1: approved
UC > 1: failing
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Towards a (semi-)probabilistic solution

• Probability distribution of strength and resistance

• Use calculation values for some parameters:

o Timber strength (αE)

o Pile-soil interaction (αR)

• Safety class prescribe accepted probability of failure

• Leads to assessment values (Ea and Ra), corresponding with

probability of exceedance
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normal stress

𝐸𝑎 𝑅𝑎
timber strengthstress

𝑈𝐶 =
𝐸𝑎
𝑅𝑎

𝐸 𝑅

Safety cl. β αE(STR) αR(GEO) Pexc str Pexc GEO

CC1 1.8

-0.7 0.8

0.104 0.075

CC2 2.5 0.040 0.023

CC3 3.3 0.010 0.004
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Monte Carlo analysis

Safety class β αE(STR) αR(GEO) Pexc str Pexc GEO Required samples

CC1 1.8

-0.7 0.8

0.104 0.075 300

CC2 2.5 0.040 0.023 1000

CC3 3.3 0.010 0.004 5000

𝑈𝐶 =
𝐸𝑎
𝑅𝑎
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Applying a probabilistic model

• Get enough data
oPerform measurements on 

extracted piles

o Send divers to inpect piles on site
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LEEG (CUSTOM)

Pile diameters and bacterial degradation

Variance within bridge << over all variance

Pile top diameter
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Bayesian model

degraded layer

bridge mean

individual pile

diameter (top)

thickness degraded layer

Bayesian updating:

Bridge data “+” Amsterdam data => 
data per pile in bridge incl. std. dev.
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Samples and unsampled piles

Sampled pile:
Apply measured diameter and 

bacterial degradation

Unsampled piles:
Apply Bayesian updated 

distribution of diameter and 
bacterial degradation

Redistribution:
Redistribute top load so that 
maximum stress in all piles is 

equal
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GUI impression (input)
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GUI impression (results)
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Why probabilistic assessment? 

Less conservatism in probabilistic
approach than by using calculation
values

=>

Less bridges need maintenance

=>

Reuse wooden piles by not replacing
them
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End
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