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INTRODUCTION

• TO FULFIL UK’S COMMITMENT TO 2050 NET ZERO TARGET, A LARGE PORTION OF RENEWABLE
ENERGIES SHOULD COME FROM OFFSHORE WIND TURBINES.

• FOUNDATIONS AND MOORING SYSTEMS CAN BE ACCOUNTED FOR >20% OF TOTAL COSTS OF
OFFSHORE STRUCTURES INCLUDING COSTS OF THEIR INSTALLATION; THIS COST IS LIKELY TO INCREASE
NON-LINEARLY THE FURTHER WE GO OFFSHORE



INTRODUCTION CONT.  

• AMONG VARIOUS AVAILABLE FOUNDATIONS, CAISSON ANCHORS ARE ONE OF THE WELL-ESTABLISHED
AND POPULAR SOLUTIONS TO SUPPORT OFFSHORE STRUCTURES AND IN RECENT YEARS THEY HAVE BEEN
USED IN OFFSHORE WIND TURBINE PROJECTS.

• THEIR EASE OF TRANSPORTATION, AND INSTALLATION ARE AMONG MANY ADVANTAGES THEY HAVE OVER
CONVENTIONAL FOUNDATIONS E.G. PILES . 

Example of most common grounded and floating 
turbine support structures [1]Example of most common grounded and floating turbine 

support structures [2]



PROBLEM STATEMENT

• IN RECENT YEARS, TO ENHANCE THE STATIC AND DYNAMIC BEHAVIOUR OF OFFSHORE WIND TURBINE FOUNDATIONS, A
SERIES OF NOVEL HYBRID SYSTEMS OF SKIRTED/CAISSON FOUNDATIONS HAVE BEEN PROPOSED BASED ON A
COMBINATION OF TWO OR MORE TYPES OF FOUNDATIONS OR INCLUSION OFADDITIONAL STRUCTURAL ELEMENTS.

• DESPITE THEIR PROMISING RESULTS IN IMPROVING THE LATERAL AND ROTATIONAL STIFFNESS, THEIR POTENTIAL
APPLICATIONS IN FIELDARE HAMPERED BY ISSUES RELATED TO THEIR CONSTRUCTIONAND/OR INSTALLATION.

• MAJORITY OF THE PROPOSED HYBRID FOUNDATIONS ARE COMPLEX, LARGE AND HEAVY STRUCTURES.
CONSTRUCTION, TRANSPORTATION, AND INSTALLATION OF SUCH FOUNDATIONS CAN BE CHALLENGING AND COSTLY. A
FEW EXAMPLES OF SUCH HYBRID FOUNDATIONSARE SHOWN IN FIGURE BELOW.

Examples of proposed hybrid foundations concepts in research studies: (a) CBF; (b) 
MSC; (c) double skirted caisson foundation; (d) skirted mat with caissons [3]



PROJECT AIMS

• THE MAIN AIM OF THIS STUDY IS TO EXAMINE AND UNDERSTAND THE INSTALLATION PROCESS
OF A SERIES OF INNOVATIVE SUCTION CAISSON FOUNDATIONS RELATIVE TO THAT OF
STANDARD SUCTION CAISSON USING A SERIES OF FINITE ELEMENT (FE) ANALYSIS AND SMALL
SCALE EXPERIMENTS.



PROPOSED SOLUTIONS

• INSPIRED BYTHE SHAPE OF ANCHORS THATARE USED TO SECURE VESSELS,ANUMBER OF
STRUCTURALLY ENHANCED ANCHOR DESIGNS ARE PROPOSED WITH POTENTIALLY
ENHANCED PULL-OUT AND BEARING CAPACITY WHEN COMPARED AGAINST
STANDARD/CONVENTIONALSUCTION CAISSONANCHORS.

•WITHIN THIS PHASE OF THE STUDY, INSTALLATION OF A SERIES OF FLANGED CAISSON ARE
NUMERICALLY STUDIED.

Anchors are traditionally used to secure vessels
A few examples of flanged anchors



PREDICTING THE REQUIRED SUCTION
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• A NOVEL3D FE MODEL OF THE PROBLEMWAS DEVELOPED TO PREDICT THE AMOUNTOF SUCTION REQUIRED TO
INSTALL THE FLANGED CAISSONS AT DIFFERENT PENETRATIONDEPTH.  

• DARCY LAWIS GOVERNING EQUATION WITHIN THE SOIL MASS AND BELOWANALYTICAL FORMULATIONS WERE
IMPLEMENTED INCOMSOL MULTIPHYSICS TO CALCULATE THE REQUIRED AMOUNTOF SUCTION AT DIFFERENT
INSTALLATION DEPTH. 

Resisting forces against caisson installation 



FINITE ELEMENT MODEL (FEM)

• THE FEM WAS VALIDATEDAGAINST PUBLISHED DATA (TENBY FIELD TRIAL). 

• A REGION INSIDE THE CAISSON CAVITY SUBJECTED TO PIPING WAS INVESTIGATEDAT DIFFERENT STAGE OF THE INSTALLATION.  

• THE VALIDATED FE MODEL WAS EXTENDED TO INVESTIGATE THE INSTALLATION PROCESS OF VARIOUS FLANGED CAISSON WITH
DIFFERENT FLANGE SIZEAND EXPLORE THE IMPACT OF THE FLANGED BASE SIZE ON THE INSTALLATION RESISTANCES (NEXT
SLIDE SHOWS THE RESULTS OF CAISSONS WITH THREE FLANGES). 

3D FE model of the proposed foundations to 
simulate their installation
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NUMERICAL RESULTS
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Impact of flange sizes on installation of caisson anchors (𝜙 = 35°and 
𝛾4=9 567

89)
Contours of function 𝜇 in flanged caisson with flange base size of 0.15D, at 
different depths (a) h*=0.5, (b) h* =1, h*=1.5 and h*=2 

• FLANGED CAISSON WITH THREE TRIANGULAR FLANGES, 



CONCLUSIONS

• A FULL NUMERICAL MODEL FOR SUCTIONASSISTED INSTALLATION OF FLANGED CAISSON INSTALLATION IN
SAND HAS BEEN DEVELOPEDAND IMPLEMENTED IN COMSOL MULTIPHYSICS. 

• THE NUMERICAL MODEL HAS BEEN VALIDATED USINGASIMULATION OF REAL FIELD DATA. 

• USING THE FE MODEL OF THE INSTALLATION PROCEDURE, BOTH FEASIBILITYAND SAFETY RELATED TO
PIPING CONDITION OF THE INSTALLATION PROCESS OFASERIES OF FLANGED CAISSONS WERE
INVESTIGATED.

• COMPARED TOASTANDARD CAISSON THE FLANGED CAISSONS NEED HIGHERAMOUNT OF SUCTION FOR
INSTALLATIONAND THE GAP BETWEEN REQUIRED SUCTION FOR INSTALLATION OF THE FLANGED
CAISSONSAND THE STANDARD CAISSON INCREASESAS THE INSTALLATION PROCEEDS. 

• THE NUMERICAL RESULTS INDICATE THAT MAGNITUDE OF SUCTION TO FULLY INSTALLTHE FLANGED
CAISSON (H*=2) WITH FLANGE SIZE OF 0.1D, 0.15D, 0.2D AND 0.25D SHOULD BE INCREASED BYABOUT
12%, 20%, 25% AND 30%, RESPECTIVELY, COMPARED TO THE STANDARD CAISSON.

• CURRENTLY IN THE PROCESS OF SUBMITTINGAJOURNAL PAPER BASED ON THEABOVE RESULTS



NEXT STEP 

• TO CONDUCT SMALL SCALE LAB EXPERIMENT OF THE INSTALLATION PROCESSES OF A SERIES

OF INNOVATIVE FLANGED CAISSONS. 
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