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Arti cial islands or VLFS? And why VLFS?

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

N.B. Production is resumel.
VLFS researters, XXI certury.

Many developd islandcountriesand countrieswvith long coastlinesn
needof landhavefor sometime nowv beensuccessfullseclaimindand
from the seato createnew spaceand, carespndingly to easethe
pressureon their heavily-usethnd space. Theseworks are, honever,
subjectto constraintssuchasthe negativeenvironmentalmpacton
the coastlinef the country and neighloring countriesand maine
ecologicakystem,as well as hugeeconomiaostsin reclaimingand
fromdeepcoastalvaters.In respnseto the afadrementionedeedsand
problemsreserchersand engineerfaveproposedan interestingand
attractivesolution| the constructiorof verylarge oating structures
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Floating airport prototype

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

VLES | VeryLageFloatingStructure. VLFSscanbe constructed
to create oating airports, bridges breakvaters,piersand docks, star-
agefacilities(for oil), windor sola power plants,for military purposes,
Industrialspace emergencypasesentertainmentacilities,recreation
paks, space-vehicleaunching,mobile o shore structuresand even
habitation(it couldbecomeealiy sconerthanonemay exject).
VLFSanay be classi edundertwo broadcategaoes: the pontoon-type
andthe semi-submersiblgpe. The formertype is a simple at box
structureandfeatureshigh stabiliy, low manufacturingostandeasy
maintenancandrepair. The pontoon-type/mat-like VLFSIs very ex-
Ible compaedto otherkindsof o shore structuressothat the elastic
defamationsare mae important than their rigid body motions.Thus,
hydraelasticanalysigakescenterstagein the analysi®of the mat-like
VLFSs.
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VLFS: pro et contra

Adv antages (overthe traditionallandreclamation):

they are easyandfastto constructicommnentsmay be madeat
shiyardsandthenbe transmrted to andassembledt the site), thus,
the seaspacecanbe quicklyexploited,;

they canbe easilyrelacated,expandedyr removed,

VLFSsare coste ective whenthe water depthis quitelarge;

the constructiorof VLFSsIs not greatlya ected by the depthof
the water, seabedpro le, etc.;

the positionof VLFSswith resgctto the watersurfacas constant;
henceVLFSscanbe usedfor airports, piers,etc.;

the facilitiesand structureson VLFSsare protectedfrom seismic
shackssincethe energyis dissipatedby the sea;

environmentall§riendly{ they do not damagethe maine eco-
systemaor silt-updeephabors or disruptthe sea/aeancurrents.
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VLFS: pro et contra

Disadv antages:
mat-like VLFSsare onlysuitablefor usein calmwatersassaiated

with naturallyshelterecdoastalformations(solution: useof breakva-
ters,anti-motiondevicesancho or maooring systems);
(might be) not su cient stabilify for the airport controlsystems

(solution:keepinghesesystem®n a shae),
low secury§ (bombing terraistic attacks).
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Floating bridge

L . e

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

Compnentsof a VLFS (Mega-Flaat) system.
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Floating oil storage base

Kamigoto Oil Storage Base, NagasakiPrefecture, Japan.
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Mega-Float

Mega-Flaat, Tokyo Bay, Japan.

The Mega-Float wascompletecasa oating airport model in the
Tokyo Bay (nea Yokosula) in 1998-9%y TechnologicdReseiah As-
scaciationof Mega-Floata consdaium of 17 companies.
Principaddimensiondengthl1000n breadth60m(121Imin max.),depth
3m draft 1m deckarea84,000¢, weightof steeimaterialsised40,000,
deckstrength6t in distributedoad.
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Mega-Float: details

The Mega-Floatis the world's largest oating

objecteverbuilt. The Mega-Floatonsistof six
units, whichwereweldedinto onehugestructure
measurind.000nin length, 60m (partially 121m)

In width and 3min depth. The largestunit was
383nx 60m

The Mega-Floatwas constructedfor taking
o0 and landingtests with use of rather 'light'

aircraft,andto verifycommercialization.

All reports of the testsshav that the resultswere evenbetter than
exected. The platfam has behavedvery stable, with basicallyno
movementausedy the wavesor the planedandingor takingo . The
unit wasconstructeaf steelwith wallsor pillarsinsidea box structure,
that wasdesignedo havea life expectancyof 100yeas.
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lce elds

Pancakelce

Marginal Ice Zone
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Contents of the thesis: chapters

. Introduction.
. Generatheay.
. Semi-in niteplate & strip.
. Circula plate.
. Ring-shagd plate.
. Quater-in nite plate.
. Plateof nite dratft.
. Generatonclusionandrecommendations.
In chapter2 the basictheay Is givenand the methal proposedis
descrikd.
In chapter8{7 the paticula problem®ftheinteractiorof waterwaves
with oating elasticplateare studiedfor di erent haizontalplanfoams
of the plate.

O~NO Ok~ WDNBE
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General geometry of the problem, assumptions
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Generl geometry of the problem.

Surfacewater wavesincidenton the oating exible plate. Fluidis
assumedo be idealincompessibleexpansef water, amplitudesare
assumedo be small,thereis no anyspacebetweenthe plateandwa-
ter. The uid domainssplitupinto two regionsopen-vaterandplate
regions.The generatheay is dividedinto threecasesin nite, nite,

whichis of maininterestfor us,andshallev water depth.
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What do we study?

Platemotion.

Re ectionandtransmissionf incidentwaves.

Initiatedwavepatternandfree-surfacelevation.

Compasonof the resultsor di erent plateplanfemsandpaam-
eters,waterdepthmaodels.

In uenceof water depthandwavelengthonthe platebehavio.
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Some mathematics and physics

Thevelaity potential ( x;y; z;t) isa solutionof the Laplacesquation
In the uid,

— O,
supplementedith the bounday conditionsat the freesurfacedi er-
entfor the plateandopen-vaterregionsjandat the bottom.
The Sommerfeldadiationconditionhasto be satis edat far eld.
The VLFSIs modeledby a thin elasticplate;the thin platetheay of
Kirchho isenvokd. We are allovedto dothis becaus®f smallthick-
nesof the plate.
The Green'sheaem s appliedto the velaity potentialin the plate
andopen-vaterregions.
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Our method & other methods

Di erent formsfor the Green'sunctionare used.The platede ection
ISrepesente@sthe serie®f exmnentialor Besselunctionanultiplied
by coe cients, asin the eigenfunctiomethal.

We deriveanintegralequatiorfor the potentialand,further,anintegro-

di erential equatiorfor the platede ectionandfree-surfacelevation.

Integro-di erentiakequationmethal, developd and descriled in the
thesisallovsusto solvedi erent problemsof the uid-structureinter-
action.
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Conclusions

The analyticalstudyfor the de ectionof a thin elasticplate, a
madel of VLFS,whichis oating on the water surfacehasbeenpre-
sentedn the thesis.

The solutionsare obtainedor the di erent planfemsof the plate
andcase®fthewaterdepththeay. Thus,theintegro-di erentiakqua-
tion methal developdisvalidfor di erent shagsof the oating plate.

The hydreelasticmotionof the oating platehasbeenstudiedfor
practicallyrelevantcases.

The methal alsohasbeenextendedo the caseof nite thickness
of the plate.

The free surfaceelevationjnitiated wave pattern, re ection and
transmissioof incidentwaveshavebeenstudiedaswell.

The solutionfor the waterof nite depthcanbe usedor the prob-
lemswith shallev or very("in nitely") deepwater.
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Applications

VLFS-vaterinteractiorhasbeentreatedin this thesis.We studiedthe
behavio of the verylarge oating structurein waterwaves.

The main applicationis the study of the hydraelasticmotion of the
VLFSsn waterwaves.

Also methal can be appliedto: the interactionbetweenice sheets
or elds andwater waves;small-and middle-sizedating structures
behavio in waterwavesbreakvaters,pontoon bridgesetc.).
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Application: VLFS, plate{w ater interaction

Alexey Andrianov  Hydr oelastic Anal ysis of Very Lar ge Flo ating Str uctures , doctoral dissertaton 9 Septenber 2005 21




Application: ice{w ater interaction
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More generalnfamation:
Sections 1.1-1.2, 8.3-8.4 of the thesis
Furtherinfamationanddetalls@:
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