Aalborg Universitet AALBORG

UNIVERSITY

Lumped-Parameter Models for Wind-Turbine Footings on Layered Ground

Andersen, Lars; Liingaard, Morten

Published in:
Proceedings of the Eleventh International Conference on Civil, Structural and Environmetal Engineering
Computing

Publication date:
2007

Document Version
Publisher's PDF, also known as Version of record

Link to publication from Aalborg University

Citation for published version (APA):

Andersen, L., & Liingaard, M. (2007). Lumped-Parameter Models for Wind-Turbine Footings on Layered Ground.
In Proceedings of the Eleventh International Conference on Civil, Structural and Environmetal Engineering
Computing Civil-Comp Press.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

- Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
- You may not further distribute the material or use it for any profit-making activity or commercial gain
- You may freely distribute the URL identifying the publication in the public portal -

Take down policy
If you believe that this document breaches copyright please contact us at vbn@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

Downloaded from vbn.aau.dk on: December 05, 2025


https://vbn.aau.dk/en/publications/e84ca810-8ecd-11dc-8188-000ea68e967b

Proceedings of CC2007 - 227 Lumped-Parameter Models for Wind-Turbine Footings ... Side 1 af 1

The Eleventh International Conference on

Civil, Structural and Environmental Engineering Computing

Proceedings
@ home

@ preface
@ contents
@& authors
@ keywords
@& copyright
@& reference

©2007 Civil-Comp Ltd
CDROM ISBN
978-1-905088-16-4

Paper 227

Lumped-Parameter Models for Wind-Turbine Footings on
Layered Ground

L. Andersen! and M.A. Liingard?
Ipepartment of Civil Engineering, Aalborg University, Denmark
2DONG Energy A/S, Fredericia, Denmark

Keywords: wind turbines, foundations, impedance, lumped-parameter models, layered
soil.

full paper (pdf) - reference

Over the last decades, wind turbines have increased significantly in size. Optimisation of
the turbine blades and towers has led to slender and therefore extremely flexible
structures. Consequently, the first modes of resonance of the total structure are close to
the excitation frequencies related to environmental loads from wind and waves. Hence, a
modern wind turbine undergoes large deformations, not only during extreme weather
conditions but also during power production.

Aeroelastic codes have been developed that may be employed for a lifetime analysis of the
structural response. Existing codes, e.g. HAWC [1], have about 30 degrees of freedom for
the entire structure. However, the current models do not account for dynamic soil-structure
interaction (SSI) and, as a result of this, the forces on the structure may be over- or
underestimated. In this paper, the SSI is introduced by fitting a lumped-parameter model
[2] to the results of a rigorous model of a layered half-space, using the method proposed
by Andersen and Clausen [3].

The influence of the subsoil on the response of a wind turbine is discussed with focus on
horizontal excitation of the structure. Two different sites are considered--one with a loose
top layer of sand and one with a soft clay deposit at intermediate depth. The emphasis is
put on the geometrical damping in the soil, and a parameter study is performed with
respect to the layer depths and the material properties of the soil. To ensure realistic
results, the dynamic properties of the simple model are based on field measurements on a
3 MW wind turbine in Frederikshavn, Denmark [4].

The main conclusion is that the first mode of resonance, typically about 0.3 Hz, is not
influenced by geometrical dissipation in the ground. On the other hand the geometrical
damping may have a significant impact on vibrations at the second resonance frequency of
the turbine tower, typically about 2 Hz. Here, it makes a great difference whether the soil
is drained or undrained. However, the properties of the soil a depths greater than the
characteristic length (e.g. diameter) of the foundation have almost no effect on the
response.
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