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Maximising a foundation’s 
lifetime through monitoring

Kevin Duffy, Ken Gavin, Fengwen Lai
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Retaining wall

Compression 
piles

Tension piles

Relieving 
platform

(De Gijt, 2010)

Combi-wall
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Deq [mm]L [m]No. of 
pilesPile TypeLocationYear

500354Driven precastWaalhaven2017
677506MV PilesMississippihaven2018
850374Screw injectionAmaliahaven2020
450323Driven closed-ended
480324Driven cast-in-situ
400183Driven closed-endedDelft2021
470186Screw injectionDelft2023

1200324Driven open-endedSW22 Demo Site2023
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Continuous lines = BOFDA
Discrete points = FBG

May 28 – 30, 2024 Conference on Foundation Decarbonization and Re-use 6

ISO Database
Waalhaven
Dutch Database
Amaliahaven

Dutch code limit
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Amaliahaven
Screw injection piles (D = 850 mm)

Mississippihaven
Muller Verpress piles (Deq = 677 mm)
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What are the benefits of pile testing?
Amaliahaven (1.8km)
Costs of pile tests: €2.5 million

Cost saving: €4 million per kilometre 
of quay wall

CO2 saving: 3.3 kton CO2 per 
kilometre of quay wall

Applicable to all geologically similar 
areas in the port

Roubos et al., 2024. Towards sustainable port infrastructure by performing full-
scale pile load tests. Proceedings of the PIANC World Congress, Cape Town. 
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Designing deep-sea quay walls

Quay wall geometry often too complex 
for analytical models

oComplicated geometries
oHigh interaction between elements
oPile group effects
o Shielding effects
oVariety of failure modes/limit states

Finite element models needed!

piles

Shielding effect from piles

(Qiu & Grabe, 2012)

(CUR 211)
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Installation of 
piles & anchors

Casting of 
superstructure

Dredging in 
front of wall
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FBG 
sensors
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How can we properly quantify structural 
performance?

• What are the uncertainties in our 
initial inputs?

• What are the uncertainties over the 
lifetime of the structure?

• What is an appropriate measure of 
foundation reliability and reusability? 
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Surrogate model
(Response surfaces and neural networks)

Inputs 
Soil properties, material properties, loads, geometry…

Output 
Soil deformation, stress etc.

Reliability method: 
FORM

1000+ combinations of 
input parameters

Soil 
properties

Material 
properties

Loading 
scenarios

Numerical model

Reliability index  β
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Conclusion
• Pile testing can be hugely beneficial during the design process by giving a good 

understanding of the geotechnical and structural capacity of a pile, making it 
easier to optimise the design

• Monitoring during construction can help with validating the design, and provide a 
good basis for evaluating potential for reuse/adaptation in the future

• Efficient reliability analyses are an important step in establishing a structure’s 
remaining lifetime, particularly when accounting for future changes in model 
input parameters

k.duffy@tudelft.nl


