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Arti�cial islands or VLFS? And why VLFS?

Buy land. They've stopped making it.
Mark Twain, XIX century.

N.B. Production is resumed.
VLFS researchers,XXI century.

Manydeveloped islandcountriesandcountrieswith longcoastlinesin
needof landhavefor sometime now beensuccessfullyreclaimingland
from the seato createnew spaceand, correspondingly, to easethe
pressureon their heavily-usedlandspace.Theseworks are, however,
subjectto constraints,suchas the negativeenvironmentalimpacton
the coastlinesof the countryand neighboring countriesand marine
ecologicalsystem,as well as hugeeconomiccostsin reclaimingland
fromdeepcoastalwaters.In responseto theaforementionedneedsand
problems,researchersandengineershaveproposedan interestingand
attractivesolution| theconstructionof verylarge
oating structures.
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Floating airport protot ype

The Mega-Float, a 
o ating airport prototype, Tokyo Bay, Japan.
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VLFS

VLFS | Very LargeFloatingStructure.VLFSscanbe constructed
to create
oating airports, bridges,breakwaters,piersanddocks,stor-
agefacilities(for oil), windor solar powerplants,for military purposes,
industrialspace,emergencybases,entertainmentfacilities,recreation
parks, space-vehiclelaunching,mobileo�shore structuresand even
habitation(it couldbecomereality soonerthanonemay expect).
VLFSsmay be classi�edundertwo broadcategories: the pontoon-type
and the semi-submersibletype. The former type is a simple
at box
structureandfeatureshighstability, low manufacturingcostandeasy
maintenanceandrepair.Thepontoon-type/mat-like VLFSis very
ex-
iblecomparedto otherkindsof o�shore structures,sothat the elastic
deformationsare more important than their rigid body motions.Thus,
hydroelasticanalysistakescenterstagein the analysisof the mat-like
VLFSs.
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VLFS: pro et contra

Adv antages (overthe traditionallandreclamation):
� theyare easyandfast to construct(componentsmay be madeat
shipyardsandthenbe transported to andassembledat the site), thus,
the seaspacecanbe quicklyexploited;
� theycanbe easilyrelocated,expanded,or removed;
� VLFSsare coste�ectivewhenthe waterdepthis quitelarge;
� the constructionof VLFSsis not greatlya�ected by the depthof
the water,seabedpro�le, etc.;
� thepositionof VLFSswith respectto thewatersurfaceisconstant;
henceVLFSscanbe usedfor airports, piers,etc.;
� the facilitiesandstructureson VLFSsare protectedfrom seismic
shockssincethe energyis dissipatedby the sea;
� environmentallyfriendly{ they do not damagethe marine eco-
system,or silt-updeepharbors or disruptthe sea/oceancurrents.
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VLFS: pro et contra

Disadv antages:
	 mat-like VLFSsare onlysuitablefor usein calmwatersassociated
with naturallyshelteredcoastalformations(solution:useof breakwa-
ters,anti-motiondevices,anchor or mooring systems);
	 (might be) not su�cient stability for the airport controlsystems
(solution:keepingthesesystemson a shore);
	 low security (bombing,terroristic attacks).
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Floating bridge

Yumemai 
o ating bridge, Osaka,Japan.
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Components of the VLFS system

Componentsof a VLFS (Mega-Float) system.
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Floating oil storage base

Kamigoto Oil StorageBase,NagasakiPrefecture, Japan.
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Mega-Float

Mega-Float, Tokyo Bay, Japan.

The Mega-Float was completedas a 
oating airport model in the
Tokyo Bay (near Yokosuka) in 1998-99by TechnologicalResearch As-
sociationof Mega-Float,a consortium of 17 companies.
Principaldimensions:length1000m, breadth60m(121min max.),depth
3m, draft1m, deckarea84,000m2, weightofsteelmaterialsused40,000t ,
deckstrength6t in distributedload.
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Mega-Float: details

The Mega-Floatis the world's largest 
oating
objecteverbuilt. The Mega-Floatconsistsof six
units,whichwereweldedinto onehugestructure
measuring1000min length,60m(partially 121m)
in width and 3min depth. The largestunit was
383mx 60m.
The Mega-Float was constructed for taking
o� and landingtests with use of rather 'light'
aircraft,andto verifycommercialization.

All reports of the testsshow that the resultswereevenbetter than
expected. The platform has behavedvery stable,with basicallyno
movementcausedby thewavesor theplaneslandingor takingo�. The
unit wasconstructedof steelwith wallsor pillars insidea box structure,
that wasdesignedto havea life expectancyof 100years.
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Ice �elds

Pancake Ice

Marginal Ice Zone
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Contents of the thesis: chapters

1. Introduction.
2. Generaltheory.
3. Semi-in�niteplate& strip.
4. Circular plate.
5. Ring-shapedplate.
6. Quarter-in�nite plate.
7. Plateof �nite draft.
8. Generalconclusionsandrecommendations.
In chapter2 the basictheory is givenand the method proposedis
described.
Inchapters3{7 theparticular problemsof theinteractionof waterwaves
with 
oating elasticplateare studiedfor di�erent horizontalplanforms
of the plate.
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General geometry of the problem, assumptions
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General geometry of the problem.

Surfacewater wavesincidenton the 
oating 
exible plate. Fluid is
assumedto be idealincompressibleexpanseof water, amplitudesare
assumedto be small,thereis no anyspacebetweenthe plateandwa-
ter. The
uid domainissplitup into two regions:open-waterandplate
regions.The generaltheory is dividedinto threecases:in�nite, �nite,
whichis of maininterestfor us,andshallow waterdepth.
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What do we study?

� Platemotion.
� Re
ectionandtransmissionof incidentwaves.
� Initiatedwavepatternandfree-surfaceelevation.
� Comparisonof the resultsfor di�erent plateplanformsandparam-
eters,waterdepthmodels.
� In
uenceof waterdepthandwavelengthon the platebehavior.
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Some mathematics and physics

Thevelocity potential�( x; y; z; t) isa solutionof theLaplaceequation
in the 
uid,

�� = 0;

supplementedwith the boundary conditionsat the freesurface(di�er-
ent for the plateandopen-water regions)andat the bottom.
TheSommerfeldradiationconditionhasto be satis�edat far �eld.
The VLFSis modeledby a thin elasticplate; the thin platetheory of
Kirchho� is envoked. We areallowedto do thisbecauseof smallthick-
nessof the plate.
The Green'stheorem is appliedto the velocity potential in the plate
andopen-water regions.
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Our metho d & other metho ds

Di�erent formsfor the Green'sfunctionare used.The platede
ection
is representedastheseriesof exponentialor Besselfunctionsmultiplied
by coe�cients, asin the eigenfunctionmethod.
Wederiveanintegralequationfor thepotentialand,further,anintegro-
di�erential equationfor the platede
ectionandfree-surfaceelevation.
Integro-di�erentialequationmethod, developed and described in the
thesis,allowsusto solvedi�erent problemsof the 
uid-structureinter-
action.
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Conclusions

� The analyticalstudyfor the de
ectionof a thin elasticplate, a
model of VLFS,whichis 
oating on the water surfacehasbeenpre-
sentedin the thesis.
� Thesolutionsare obtainedfor the di�erent planformsof the plate
andcasesof thewaterdepththeory. Thus,theintegro-di�erentialequa-
tion method developedisvalidfor di�erent shapesof the 
oating plate.
� Thehydroelasticmotionof the 
oating platehasbeenstudiedfor
practicallyrelevantcases.
� Themethod alsohasbeenextendedto the caseof �nite thickness
of the plate.
� The freesurfaceelevation,initiatedwavepattern,re
ection and
transmissionof incidentwaveshavebeenstudiedaswell.
� Thesolutionfor thewaterof �nite depthcanbeusedfor theprob-
lemswith shallow or very("in�nitely") deepwater.
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Applications

VLFS-water interactionhasbeentreatedin this thesis.We studiedthe
behavior of the verylarge
oating structurein waterwaves.
The main applicationis the studyof the hydroelasticmotion of the
VLFSsin waterwaves.
Also method can be appliedto: the interactionbetweenice sheets
or �elds andwater waves;small-andmiddle-sized
oating structures
behavior in waterwaves(breakwaters,pontoon bridges,etc.).
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Application: VLFS, plate{w ater interaction
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Application: ice{w ater interaction
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More generalinformation:
Sections 1.1-1.2, 8.3-8.4 of the thesis

Furtherinformationanddetails@:
the thesis, http://www.andrianov.or g

Alexey Andrianov Hydr oelastic Anal ysis of Ver y Lar ge Flo ating Str uctures , doctoral dissertaton 9 September 2005 24


