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Windturbines
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1983-1993 1993-2003 2003-2013 2013-2023

Analytical models 2D plate models 3D FEM odels

2023-2033

30 m hub height
300 kW

50 m hub height
750 kW

80 m hub height
1800 kW

125 m hub height
4000 kW

175 m hub height
8000 kW
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Projecten
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Hopefield, South Africa

• 36 x V100 wind turbines, Gravity foundations 
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Windplan Blauw, the Netherlands



Stufib 5 september 2023

Wind park Slufterdam, the Netherlands
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• 5 x V90 at 80 m hub height, rock anchor 
foundation 

Playa Kanoa, Curaçao
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2de hands turbines en 
fundaties / 

levensduurverlenging



schadeonderzoek



Constructief 
staalwerk en 

coating



Civiele infra en Kraanopstellingen
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Fundering





Windturbine

Ondergrond

Fundering
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Ondergrond



Grondonderzoek in Nederland



Sonderingen = cpt’s



Boringen

Lab onderzoek



Geofysisch grondonderzoek



Site verkenning ten behoeve van windpark op 
Aruba

Ondergrond rotsachtig. Grote boulders met fijn
material daartussen.



Voorlichting over niet gesprongen munitie uit WW2 in 
Ardennen ten behoeve van bouw fundaties windturbines

Ontwerp en begeleiding bouw. Ondergrond rotsachtig met 
toplaag van gebroken material.



Grondonderzoek en site verkenning
in Kenya ten behoeve van een
gepland windpark.

Moerasachtig gebied
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Funderingsprincipes







WP Oostpolderdijk

WP Hartel
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Normen & Belastingen
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Ontwerpprincipes





Turbine loads

Self weight

Soil loads

Upward (ground) 
water pressure →
buoyancy



Counter weight

Transfer of loads



Turbine loads

Self weight

Soil loads

Upward (ground) 
water pressure →
buoyancy



Pile compressionPile tension



Pile tension >>
Pile compression >
Concrete volume <

Pile tension <<
Pile compression <
Concrete volume >



Hoe inefficient een 
normale 
windturbinefundering 
eigenlijk is.
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Ontwerprandvoorwaarden



Geometry Strength StiffnessDurability

To be able to resist 
and transfer forces:

- Extreme wind turbine loads 
- Fatigue loads

- No tensile forces on piles 
during production loads (no-

gapping criterion)

To be able to resist 
long term impacts:

- Crack width
- Concrete cover

- Concrete mixture

To be assure the 
correct eigen 

frequency of the total 
wind turbine system:

- Rotational stiffness
- Translation stiffness

- Verticality of the tower.

Requirements that 
affect the shape of the 

foundation:
- By the customer (e.g. 

accessibility of the wind 
turbine)

- Permit (e.g. level of the top of 
foundation; max. foundation 

diameter)
- Make-ability of the base (e.g. 

slope of top of base)
- Incorporation of tower 

anchorage.
- Conduit tubes.

- Also see “design information” Eurocode + NA

Wind turbine guidelines (e.g. DNV)Project specific

dependency
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Torenverankering
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Groutvoeg, een belangrijke verbinder

08/09/2023
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08/09/2023

Lokaal hogere 
betonkwaliteit



ABT

grout details

57
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Mantelbuizen





Stufib

Wapening
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08/09/2023
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08/09/2023
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Afwijkende buigradius vanuit oogpunt 

van vermoeiing worden bepaalde staven 

met een ruimere buigdoorn ontworpen.

08/09/2023
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08/09/2023
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Ontwerpmodellen
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1983
Start ABT
Foundation 
design for 
wind 
turbines

1983
analytical
Models

2006
3D FEM 
models

1995
2D Plate
Models

2016
3D FEM 
models
ECOV-method

2019
Start 
WINDBASE

450 WTG’s 650 WTG’s 1200 WTG’s 1000 WTG’s
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1D 3D2D

(pre) assumptions regarding load (re)distribution “real” behaviour
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Forgotten 
mechanisms 

due to 
simplified 
modelling
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S R

S<R

RkSk

The laws of modelling
Model ≠ Reality

rubbish in = rubbish out



Living on the edge?

Reality

Models

Windbase

Traditional

1D

2D

3D





Stufib 5 september 2023

Level IV analysis



75





Toetsing wapening en beton op vermoeiing 
Scheurwijdtetoets
Minimum wapening
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Optimalisatie



1983-1993 1993-2003 2003-2013 2013-2023

Analytical models 2D plate models 3D FEM models

2023-2033

50,000 tons CO2 avoided

100,000 tons CO2 avoided

30 m hub height
300 kW

50 m hub height
750 kW

80 m hub height
1800 kW

125 m hub height
4000 kW

175 m hub height
8000 kW

The effect of savings in concrete 
and reinforcement steel for wind 

turbine foundations 
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Dank voor 
uw aandacht.
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