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• MBD and Elsam have establish the test site for offshore wind 
turbine in cooperation with University of Aalborg August 2002 

• Elsam builds the 4 wind turbines in Frederikshavn using 
Tech-wise as consultant. 

•The first project is to develop an innovative foundation 
solution for offshore wind farms. “Bucket Foundation”

Test Test sitesite for offshore for offshore windwind turbine in Frederikshavnturbine in Frederikshavn
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Construction stageConstruction stage
Bucket foundationBucket foundation
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Demands to the prototype

Bucket Foundation

• Flang: Welded on the center column 

• Allowable deformatuon:  0,5 deg in 20 year

After instalation: 0,25 deg

Plastic deformations: 0,25 deg

•The stifness: 

First resonance frequency ω1>0.295 HZ
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Model experiments
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Structure of
the windturbine

Loads:  Wind,
waves, ice,
shipimpact

Design standard
Eurocode, DS,

DNV

Geotechnical
investigation

CPT, Soil profile

Structural Model
spring supported

Initial bucket loads
vertical, horizontal,

moment

Simple
analytical model

Bucket
dimensions

Penetration
study

Penetration
resistance

Driving force

Tip resistance

Skin friction

Gravitation

Critical suction

Penetration resistance < Driving forces
Safety factor  OK

Geotechnical bucket design

 3D FE analysis of bucket/soil
interaktion

Model experiments D = 2 m

Fundation vibrations
elastic halfspace

Static and dynamic rotation,
eigenmode and values of the

foundation

Safety og stiffness OK

CPT

Design basis for
the bucket

Windturbine manufacture

Final bucket loads
vertical, horizontal,

moment
Safety and stiffness OK

Structurel bucket design
3D FE analysis

Dynamic analysis of the
structure of the bucket

Stiffness and eigenmodes/values

Final
bucket design

Verification of
design

yes

yes

yes

no
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Model experiments

Geotechnical design basis
Experiments in the laboratory
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Analytic
Buckling analysis

FEM buckling analyses

ObjectiveObjective for for thethe researchresearch

•• DevelopDevelop a design procedure:a design procedure:

Design BasisDesign Basis
ConcepturalConceptural DesignDesign
DetailedDetailed DesignDesign

In In cooperationcooperation withwith certifyingcertifying party DNVparty DNV
ApprovalApproval procedure in procedure in futurefuture projectsprojects

•• ReduceReduce thethe uncertantiesuncertanties in in thethe new designnew design

LaboratoryLaboratory model testmodel test
Field Field trialstrials at at reducedreduced scalescale
FullFull--scalescale teststests

•• FocusFocus onon: : 

InstallationInstallation
Performance at Performance at staticstatic loadsloads
In service performanceIn service performance



Geotechnical Engineering Group, Aalborg University

Test Test sitesite for offshore for offshore windwind turbine turbine researchresearch in Frederikshavnin Frederikshavn
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Test Test sitesite for offshore for offshore windwind turbine turbine researchresearch in Frederikshavnin Frederikshavn
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GeotechnicalGeotechnical investigationsinvestigations
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Figure 1 

 

Figure 1 
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Bucket Foundation

Frederikshavn
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ConcepturalConceptural DesignDesign
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Failure
Mechanisms

Combined
loading

Laboratory Tests
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Foundation Concept
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Field Model Tests
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Plastic strain increments



Geotechnical Engineering Group, Aalborg University

Interface friction
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ConcepturalConceptural DesignDesign
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PenetrationPenetration
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Critical suction
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Test Test fieldfield
Penetration testsPenetration tests
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4 x 4m test 4 x 4m test BucketBucket
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Penetration study 4x4m Bucket
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SoilSoil FailureFailure

CriticalCritical SuctionSuction
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SuccessfulSuccessful instalationinstalation
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Test Test fieldfield PrototypePrototype

12 x 6m 12 x 6m BucketBucket
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PenetrationPenetration
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GroutingGrouting
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POS 0 & 1& 2 CORN PENETRATION TEST

GEG - Aalborg University Page 1
Job:

Frederikshavn forsøgspark Bassin 3
Executed    : JCI Encl.No. 1
Evaluated    : LBI Cheked    : LBI
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ResultsResults ofof CPT CPT 
beforebefore and and afterafter
installationinstallation
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In Service performanceIn Service performance



Geotechnical Engineering Group, Aalborg University

In Service performanceIn Service performance
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Online Online monitoringmonitoring ofof
foundationfoundation//towertower
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•• MeasuredMeasured performensperformens ofof thethe windwind turbine in turbine in 
Frederikshavn. Frederikshavn. 

•• OperationalOperational modemode
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InstallationInstallation
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ConclusionsConclusions


