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A PONTOON- TYPE FLOATI NG STRUCTURE FI ELD OF | NVENTI ON
The invention relates to a pontoon-type floating

W@ e00ao1397e. BACKGROUND As popul ati on and ur banPCT/SG2005/000356
devel opnment expand in | and sgarce island countries (or
countries wth long coastlines), city planners and
engi neers may resort to land reclanmation to ease the
pressure on existing heavily-used | and and under ground

spaces. Ual PONITOONTYPEIBLOATINGSTRUTTURE deep
under ground excavations, and even construction debris,

engi neers are able to create relatively vast and
val uable land fromthe sea. However, |and reclamation
has its limtations. It is only suitable when the

FIBRDeOFIRVENTIONShal | ow (1 ess than 20 n). Wen the
wat er depth is large and/or the seabed is extrenely

soft, land reclamation nmay no | onger be cost effective

or Wnﬁm&hbélatesh@a@@m@bn-wp%rf@ahﬁgkwmrbon may
destroy the marine habitat and may even lead to the

di sturbance of toxic sedinents. Very Large Floating
BACKGROUMD (VLFS) are an alternative nethod to create
"l and"” on the sea. There are two types of VLFS; the

sem subner si bl e-type and t he pontoontype.

Semmp&pnwmhtdna l.trwedéxﬂemmem eRddridCh WrRBscaf & iiah& @6untries (or
col um tubes or ball ast

ove the sea | ev Si
coRRge Wi 1080 chrEetlo G nPANIES: AL GNAUTSES PoXapeast o land
reaﬂbmbﬁorg&b né@r?n theg paesecmgs bagéxmm_gy Elééle-gu@é@ Glam?]' hauhaf UR&fground
can reducg the e in oot ] on nd are therefore
Pafirs. A5 HLBFISAR oM FRabRdsls Pb AnPeEnRygevations, and even
coﬁlstuaitlloﬁ @lebpis, aérfgﬂ‘re@& areeabld @ cdaid dellaigelﬁ/%sﬁléwﬂ valuable land from
rodu t|on 0 i cal exa es

th& 5o PomBers By esimeiot Hamaly TrmieBats aris AR R S The water
deptieisadHalongldss thanhz) mg.alyhdn the water depth is large and/or the seabed is
extremely soft, land reclamation may no longer be cost effective or even feasible.
Moreover, land reclamation may destroy the marine habitat and may even lead to the
disturbance of toxic sediments.

Very Large Floating Structures (VLFS) are an alternative method to create “land”
on the sea. There are two types of VLFS; the semisubmersible-type and the pontoon-
type. Semi-submersible type floating structures are raised above the sea level using
column tubes or ballast structural elements to minimize the effects of waves while
maintaining a constant buoyancy force. Thus they can reduce the wave induced motions
and are therefore suitably deployed in high seas with large waves. Floating -platforms
used for drilling for and production of oil and gas are typical examples of semi-
submersible-type VLFSs. When these semi-submersibles are attached to the seabed
using vertical tethers with high pretension as provided by additional buoyancy of the
structure, they are referred to as tension-leg platforms.

In contrast, pontoon-type floating structures lie on the sea level and are typically
for use in calm waters, often inside a cove or a lagoon and near the shoreline. The larger
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using vertical tethers with high pretension as

provi ded by additional buoyancy of the structure, they
wae@7neHes red to as tension-leg platforns. | n PONBGH®S/P00356

pont oon-type floating structares lie on the sea | evel

and are typically for use in“calmwaters, often inside

a cove or a lagoon and near the shoreline. The

5 7 B8 AR RIS 68 B ke

digeesioresr greadtenth@0®OmMhen a Mega- Fl oat is heavily | oaded,
in the central portion for exanple, the floating

structure will deflect with the centre vertically
di spiVeere@ Mepafioat is beavily loadateris thaleentralspdrtiom fpr example, the

ro%glﬁ Sl{r]tg({ﬁ?rjgﬁi!lill 9%@%8’%@?@& uc r& %Qﬁ%alﬁgﬁlbﬂEFéH {éleﬁlve to the corners.
Thet rrasuliinge diferbetial ubplactionl mayaddusd oeguipraemteds ematiunqtlnn the

suﬁékkﬁﬁ?r e@ﬁetﬁe% I%%@ru[‘, Pretd g‘ét ﬂ]b?écftéc?lté lérdﬁitipﬂgte%tresses or in

SS €O nee ore exists

ewemee@sesamav eeasitto stracturfal failereaindeehiph stresmeandBighve/ARY OF

THE I NVENTION I n accordance with a first apsect of the

present invention there is provided a pontoon-type

f | odh heryl therefire @xistsclorasidresk piyleast anspef thelalodvetrirableins. t o

be mai ntai ned above water level and that is to receive

and su 8ort a | oad bﬁhthe | oad resting thereon; and a

Mﬁﬂy BITHE INMENFIO®anber s di sposed underneath the

upper deck, with the chanbers providing a first set of

chamber s that provide the structure w th buoyancy, and

a sedomgedancst with anfret spsdct Bf thet eresertvinygntiae degrs is provided a

p&tb%hg%é ficathgabruithee &ﬁﬁ&%&gsﬁ{ udter ‘&Eem%f Sy to%%‘émtalned above

st ea state condi tions 0 not provide buoyancy

waierulrewhaw that indo recejyecansk suppgrt @elp@@h @yﬂlneb masirféstmgptéereon and a
hoﬁilﬁ&halaé}?aapgr 6}%&5@ dFBSée'ﬂ’\bHérﬁ%tlﬁ’ i Ugﬁert kcﬂrﬁﬁﬁﬂ% chambers

separat e S. Said S are

prg\qweg alfirst sg Pb@‘mﬂ%$ that pepvisigi the Qﬁéﬁurwtmbww@nmand a second
set of chambers with water having access thereto so that the second set of chambers,
under steady state conditions, do not provide buoyancy.

A plurality of walls preferably depend from the upper deck and co-operate
therewith to provide the chambers separated by the walls.

Said walls are preferably generally perpendicular to said deck, with the walls
including a first set that are generally parallel and transversely spaced and a second set,
with the walls of the second set being generally parallel and transversely spaced and
generally normal to the first set so that the chambers in horizontal transverse cross-
section are generally square or rectangular.

The chambers preferably have respective bottom walls, the bottom walls being
displaced from the upper deck, with the bottom walls of said second set of chambers
having an aperture providing for the flow of water.

Said second set of chambers are preferably located adjacent a penphery of said
structure.

Said second set of chambers are preferbaly-aligned in rows adjacent said

periphery.
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including a first set that are generally parallel and

transversely spaced and a second set, with the walls
wotooriessecond set being generally parall el anPlCT/SG2005/000356

transversely spaced and gene%al ly normal to the first

set so that the chanbers in “horizontal transverse

crosssection are generally square or rectangular. The

cha S f [ Xe. S, t

bt BAURAT § Ry Ao ERRFTS BRIk Gactime hippber of
thetfiret debt t om wal | s of said second set of chanbers having

an a t vi di . | :

ceconds BuPE Biirelchb Qs ecbicRlor Loyl when,viewed
in Elapeo ap hehavedburssides, with eachuray ex@anding germnallyseraltef to one of said
Sidggan‘oers are preferbaly aligned in rows adjacent said

peri phery. Each row is preferably displaced fromthe

per i Phidrsjrublyrenis prafarsblydammechafineror afore loéa fgroupt caneisting of steel,
cor%i’ét? éﬁé}éﬁ%gﬁ&&é@f erably square or rectangular in

conriguration en viewed in plan so as to have four

si deSaidvittuatuea preferably @xdtlugesi angengralisr ladrizpnially atiendid toottom slab

e, 0 |

thaf P 0o SBbilee 3 (18 § (RHTHAY HiFalel off Sobhle Wi Potbect to
said dore deckeyut serticallyispacadibarefiontrete. Said structure

pr ef [ | Vi j I '

Pot ¢ Serarriy neABEr BRAEIBl o is€hirdf gl ol ARIcRRE itiudes o
seepndehasizontalpiray|of ehambers dasatest haneath the first parayp etehambers, the first

: tical ' .

and Boforic bhdificts aeberdiEh B SRR IRfoN A bictia Tl iab and
that as genenali paradeli and geterminusewiihdesreet i Raid] toprdegl kyt vertically

Spg,%@qu,reﬁo,lnpcat ed beneath the first array of chanbers,
the first
Said top deck preferably has apertures and/or is air pervious to provide for the

flow of air with respect to the chambers of the second set.
BRIEF DESCRIPTION OF THE DRAWINGS

Example embodiments of the invention will be better understood and readily
apparent to one of ordinary skill in the art from the following written description, by way
of example only, and in conjunction with the drawings, in which:

Figure 1 is a schematic side elevation view of a floating structure according to an
example embodiment.

Figure 2 is a cross sectional schematic view of a section of the floating structure
of Figure 1.

Figure 3a is a schematic bottom view of a zero-buoyancy chamber of the floating
structure of Figure 1.

Figure 3b is a schematic bottom view of another zero-buoyancy chamber of the
floating structure of Figure 1.

Figure 4 shows a plurality of schematic side elevations of different mooring
arrangements for the floating structure of Figure 1.
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and second chanbers separated by a generally
horizontally oriented mddle slab and that is
w@emanaddry parallel and co-term nus wth respeRCT/862005/000356
said top deck but vertically, spaced therefrom. Said
top deck preferably has aper?ures and/or is air
pervious to provide for the flow of air with respect

' th o SCRI PT| ON

(o FIERE R el e SR Aot TR ERREINGIS antrr
exainple dnebduiirhéerdr(dimedeioss modetzes). r eadi | y apparent to one

f ordj . sKi ' . . f ol ..

o Pl e SR TG B B gpoer of e
flogtong sinicturenf igute & he drawi ngs, in which: Figure 1 is a

ipiing . . . _ | .

SO 0 45U 08 ST ch O 04 BB S or ot

floatingsruckue pbiniglreschemati ¢ vi ew of a section of the

floatj r r i qu .. EFqQu [ .
schﬁ%??cﬁ%osﬁ ?%’gna\?i%@eétogaggﬁéar]c& t%yi'ﬁ%’@%cﬁﬁﬁﬁgﬁe (\')Vfthom zero-
buoyancl cbambersg andrsubjedted tof 7Hieggpstaher Riagingdddflectiensdn metres).

sch L GRb j : Q- U0 C

of "R el Mo SRELRY BEREMPIRRSHS UGS 5 an
subjegied tahivttier gbntgivheleading (defigetiarisdn mdtreas of di f ferent

DOk I f i f.

1Pt BRSSO Lol bbbl I B LY il svesees
in fa daatingy stuetutst witbowczerpdivaganay ahambrers anchispbiected to a 7-tier

cof?gﬁ%ﬁio‘éﬁ% (FiJTBORI MBSy i N metres). Figure 6a is a

ematic cross sectional view of a water tight . o
chafrigatre g shawsf positeisa costaun @f ihe hettom glab &ob the major principal

stresses in the floating structure of Figure 5 and subjected to a 7-tier container loading
(stresses in MPa).

Figure 9a shows a stress contour of a top slab for the major principal stresses in
a floating structure without zero-buoyancy chambers and subjected to a 7-tier container
loading (stresses in MPa).

Figure 9b shows a stress contour of the top slab for the major principal stresses
in the floating structure of Figure 5 and subjected to a 7-tier container loading (stresses
in MPa).

DETAILED DESCRIPTION

Figure 1 shows a floating structure 100 according to an example embodiment.
The floating structure 100 may be moored to a mooring facility 102 and may include an
access connection 104 to land 108, another structure or a vessel. A breakwater 106
may be optionally provided to reduce large wave forces impacting the floating structure
100.

Figure 2 shows a schematic cross sectional drawing of a section of the floating
structure 100. The structure 100 includes a top deck 200 provided by a top slab in the
example embodiment. Depending from the deck 200 are a plurality of walls e.g. 202,



10

15

20

25

30

Figure 6b is a schematic cross sectional view of a

zer o- buoyancy chanber of the floating structure of
wo@ane393s Figure 7a shows a defl ection surfackECDSG205/000356

floating structure w thout zer obuoyancy chanbers and

subjected to a 7-tier container |oading (deflections

in nmetres). Figure 7b shovvs a deflection surface for

ZGJ‘eﬁhE%IISnﬂO?ti(ﬂf %ﬁd e? ?Y‘ er p%n@lfbglla?qgjtﬁgtoee)@ktéboaso as to

7-tier contalner | oNs I n
previge adl@ality 96 sRamnbers eds 20@,398o dhesthambet 206268 ate érvanged in a

hdrﬁ@ntﬁﬁb%y mn'd@ﬁ'le@’m thet El ngéo U 6}'8%&@&" D&t r\&é‘ﬁtéjrr 8ab 210 is

hout zero- UO ancy ers an ecte

Pl“wlfi%r Teawels A& 206,a%ﬁ \M@jl Fstheslabed! 0 afemm)e frqm guvaéeramemous
m§féﬁ§!5 \nﬂhséarcﬁso? thOWafs P08 f 244 §%$?ﬂ§;{yoc@nﬁlaﬁgd tQ%thd ngnzon%al bottom

Il Nnci a stresses I n oatin structure
S'ﬁi? 19 e hﬁﬁésl@%ff &t eejapryeciated thatithe mcmtmfrthe chambeys e.g. 206

ar@%"eﬁfﬁ{gﬁfénél&éw &) thal Waigr $nanot e Y)s? tRern! ASRe %Qméqme Ypertures

ato for t € g or princi stresses I n
213, 8&&@1@ REpYidRd iy ﬁie\mtmuslabe?ﬂe IpUbg ey oéﬁalﬁsbf@dschaﬁ@ers 208,

alféWi’ngWét@thot éhté’r thodd &anf 8igness| ?@@éﬂ@at%ﬁﬁi@éﬁﬁ% of Flr from the

b shows a stréss contour

Cf\emb%aogr@ dhe pratefcerian the Aegs2a0 mavt br provisied wigh apertures (not
skﬁ)Wn?‘ oF Ha9 Béf otﬁélg\h’s!‘e.ean'-‘3 pERbUS UK 1845t &Y aFéésebf ?het bl?émbers 208. Under

contai ner | oading (stresses in MPa).

SHSRBCRRT CeRBITg fas Shambeis 208 Pism sk Wik wvaseri op to a level,

indi6SteH Gt DB, leQuRBIcAKRTRE Se£RDAJINERBled af Renflf1245 N0
structure 100 may be noored to a nmooring facility 102

and may include an access connection 104 to | and 108,
anot A theSivatef fidi frée 6 fidwViB MRl outARRE RKYRbEIS IE those chambers,

which may be referred to as gill cells, provide zero-buoyancy to the floating structure
100. At the same time, the remaining chambers 206 provide buoyancy to the structure
100. Thus, buoyancy forces are acting on the bottom slab 210, apart from areas
underneath the chambers 208.

In the example embodiment, the chambers 208 are provided along an edge 216
of the structure 100, and as a result of the zero-buoyancy of the chambers 208, a
restraint fo vertical movement of the edge 216 is provided. This was found to decrease
the differential deflection of the edge 216 when loads are applied at or near the centre of
the floating structure 100. By adjusting the number and geometry of the chambers 208,
the floating structure 100 can be designed to maintain the differential deflection within
acceptable limits under varying loads.

In the example embodiment, the apertures 212, 214 are designed such that the
structural integrity of the bottom slabs 210 is maintained. The aperture size is chosen to
be sufficiently large to allow water to freely enter so that the water level in the chamber is
equal to the sea water level.



10

15

20

25

30

may be optionally provided to reduce | arge wave forces

i npacting the floating structure 100. Figure 2 shows a
WQ200e#97E cross sectional drawi ng of a secti oPCHBG2008000356

floating structure 100. The structure 100 includes a

top deck 200 provided by a top slab in the exanple

enbodi nent. Depending fromthe deck 200 are a

pl ur I 0 : )

o eiﬁéurrgeéénigr a yé%eﬁgg’n g% l% %Per:lq}ﬁs\’%i 530%050 %g%ldual zero
buayapgyo¢hatebers p3ass 206t y l@fcf@han@eep@rtureg degiggs, mp pnrrés in the

ar
S R Py R e e o T ety T iz o the
apsrtares2mey ik palavdedelRtwee awaiding \reskenpg4of the ehembess structure,

dd s 2@ S | 4P, Wat er i nper vi ous
armt%(f%laggo %}Elﬂje ch of F{he wal | s 202, 204 sealingly
connected to the horizontal bottom slab 210. In this

r espRChel dxaMdid e%gaﬂ%rﬁ%é‘t sltaB§ 478l tgfnhltrLthﬁé from steel,

t he chanbers 'e. are sea ? y encl ose
Cqueé"’ rejoreRst C@'?fﬁr ele usdngs atell trﬁlé aseask cenaiete, apeny wihes suitable

wé)tll%g ht? g&té}fa? \Ari’thofﬁbdlee@ulsﬁe téﬁﬁn&%t %Wsﬁ%ﬁ&h 2 %%c'enwéi!%ﬁlghtness of

ar e el ect ed chanbers | owm ng water to ent
conpisie aveigdsioe digite gerrosigs. ofﬁbe fralefqmetr@ﬁré either veatentiglt @ﬁncrete or

of%'hbref 6&1@}&@ %@M@J& F%Q%x%plbhﬁg%ér%m?a%@ rconér@f% aﬁl%nmg fly

provid apertures (not shown may
a%\eanﬁ ﬁ{qﬂ/ﬁlg@ Weyld Sérsxk'i'téb.@ t il be gapprecigtask ibako rpmbmatlons of

stﬁl&&l@@ﬁaﬁe@@ma&’%@@seéﬁ@@ﬂé!reﬁf &hBodi@BAist i ons, the

chanbers 208 are thus filled with water up to a | evel,

i ndicated at 216, equivalent to the sea |evel,

i ndi @@*&‘i’orﬁirof&ﬁ&’f fRhriges ﬁé%be% thé reflﬁfﬁﬁ:lﬂgoarfd &M‘ér steel
in and out t he chanbers 2 ose chanmbers, which

WORS\HSIHG preq)@mpéqjcqq;m% gﬁtqulq:@p egtion crpsian allowance and corrosion

mERiItdRing U QN REA4 W%@hﬁaﬁﬁéafq?nanﬁtéraqcﬂo@ érﬁ%unﬁ% cbBhgs may be
same tinme, the remainin mbers 206 provi de buoyancy

useq Toreddes MAle Sravlh.  1hateastRIcRAIRRl By BN GO guch as

dlﬂa‘&tN lbenémﬁ ttwgﬁgaho&mateamet chtHRNAHrRBTiN $e4yNB& Hpplied, while
he chanbers

coatlng methods may be applied for remaining parts shallower than the depth of 1 m

below the mean low water level. Coating methods may include painting, titanium-clad

lining, stainless steel lining, thermal spraying with zinc, aluminium and aluminium alloy.

Returning now to Figure 1, the mooring facility 102 ensures that the floating
structure 100 is kept in position so that the facilities installed on the floating structure can
be reliably operated. Preventing the structure 100 from drifting away under critical sea
conditions and storms is an example design consideration for a mooring facility 102. A
free or drifting floating structure 100 may lead to damage to the surrounding facilities and
may also lead to the loss of human life in a collision with vessels. Figure 4 shows a
number of types of mooring systems such as the dolphin-guide frame system 400,
mooring by cable and chain 402, tension leg method 404 and pier/quay wall method
406. Choice of the type of mooring system depends on the local conditions and the
performance requirements.
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In the exanpl e enbodi nent, the chanbers 208 are

provi ded al ong an edge 216 of the structure 100, and
w@g00a/043ul t of the zero-buoyancy of the chanbreEHSQDB5/000356

a restraint to vertical novepent of the edge 216 is

provi ded. This was found to decrease the differenti al

defl ection of the edge 216 when | oads are applied at

f | ' . ,
IR s o b s o el kiR sgBlte Fhipral. e
quéaridy fahd dayout of devicssupemadiGhe envibenniwgalgroaditives aad e bperating
oot QdTelichpd i (1 bo@linibd TeDo AU RIANG Bolohfi g5t oxample
mayplee tsucleshat ithe MRtiZordaledigelscement ofutbh fiaaking tstrecture is adequately

coRt T WAL 00 b L BN ot a ity
of $he fmedrisgt dgiphing geayt be adjusiedvsoethat dhd displacement of doe floating

Stl’l‘.:sl’ée{glte méﬁr{b‘étp%o%ﬁpé E\‘@és ddqncgté,e(c& "aai!%\jvacblg 95’13!—:‘ .t o the

['eve gures 3a an ow exanpl e
apertures 300, 302 for individual zerobuoyancy

ch .arIWSFd%r #0%duciPBie wdle %\‘985‘ ir@&acﬁﬁ% Eﬁf%%tiﬁ& §1.;l9&§re 8&ﬂarnglly one
points 1 n the apertures nay be avoi ded as” they can
or B bregkwaterntPop oiaytbs dooptrected Rearbyhe besiakwatef malyde useful if the

sigg?iﬁéﬁt%a%% Fgggrggg,amgﬁq hetween avoi di ng weakeni ng

t he chanbe structure, and bl ockage of
particularly small apertures. In the exanple

e”bW{HéQ‘Bﬁov&ilt@ ré&lits B BREUISHGRSIA SR Rt ;Léi’fggrﬁg?éeelr (?}an example

steel, concrete, rein orqeé concr et e suc
emberiment ok thederaneinyention wilh pecteseiibeshi tialk & shemsra sejtematic top
vieWPbE 5! ffatiM thnthiAgr Té?l%’r#a‘f’ 508 Sdchidintf & tHaNskapt i€ RAidodiment, and
Since watertightness of concrete avoids or linmts _
useshfardhe calculptiom dispessad delowre i Figera Rer opairalraontsiner area 502 is

prdvitiéa’ %Eevaélf a9l #0482 HYACLEL R BBYe RF tt?’? %ﬁ’uctﬁt%r 56 2 Hi@nsions
) hla?h- perfornance concrete containhi n% y ash and
indigatedt iy Fighee 5\/@[9 p 'D_éteé%i Tap|lecatipn afjthe ZQ@'W?W chasepers are
schdiih ic_%ﬁ;hﬁaic%{éﬂ’%'t REhbRIS50Y, 5BBI atcf 542! materials may be
used I n different enbodl nents.

A finite element method (FEM) calculation was used to compare the structure
500 against the same structure without zero-buoyancy chambers. An example concern
is the differential deflection between the corners and the middle portion of the floating
structure 500. For example a quay crane may not be able to operate if the between-rail

504 gradient goes above certain gradient specification, for example 0.4%.

For the calculations, the structure 500 is assumed to be of a double layer
structure, which will now be briefly described. Figures 6a and b show schematic cross-
sectional views of a water tight chamber 600, and a zero-buoyancy chamber 602 of the
structure 500 (Figure 5) respectively. In Figure 6a, the water tight chamber 600 is
partitioned by a middie slab 604 disposed between the top and bottom slabs 606, 608
respectively. Similarly, as shown in Figure 6b, the zero-buoyancy chamber 602 is
partitioned by the middle slab 604 disposed between the top and bottom slabs 606, 608
respectively. Apertures 610, 612 are provided in the bottom slab 608 in areas of the
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Corrosion protection techniques may be applied to the
reinforcing and other steel work using for exanple
W@ oariomy3y cat hodi c protection, corrosion all ORNIE€20a5000356
corrosion nonitoring. In aregs where mari ne organi sns
are active, antifouling coati’ngs may be used to reduce
marine growh. In areas of potential severe | ow
oLr Qsi.Qn, e t wW_wat
zefoéé%@%hg;g tcﬂ%’gﬁ%r é@zdf\@(i: o ré(sré&ﬁﬁﬁg J,glb trﬁﬁ? 64 é1|% prfidel in the
middatsﬂabg%ﬂeBbeni@tnfferyerb& &mzo. ael pfcmdeldslrwlemaagw thartemsslab 606 and
I p I
Epﬁge:/e%)ﬁ&%oélgﬁ b%% Felgﬁg%lvél% aRS %@%pamﬁﬁ&rlh%yonal sets of
honzcnniaaliytﬂpacedwbvvs smroﬁg; the tap amcbmttom gabs 606,608, t her nal
spraying with zinc, alum niumand al um nium all oy.
Returning nowto Figure 1, the nooring facility 102
ensuiragte thagumrharisesoditel rigtas tadeptagr dorl(be i saltwdgtioni including  the
, i:1i0 |
dl@?@éé%l?s Qno:tg?lhsgnt%tgtrém@g&]é?%i H eﬁ%gl &%h@éx%&g%ﬁﬂéﬂtﬂg structure, the
sePweMandwelghteonancnaue% 100 from dr| fting away under
critical sea conditions and storms is an exanple
design consideration for a nooring facility 102. A
free or drifti ngTable)étlDatgPsioptecltfgréalmwetiMy Iead to

DiTRSfs! o PSRy SkRRpE T acTHtes and maypglso taggs

| 0oss 0 Ife in a collision w vessel

Tdt?{nlg&rrgﬁm shows a nunber of types of noori ng 405t ens

35:’3-

oA £ nrard
U ld b} lIIC UUI IJIII II Uul UC —I_I aIIC DyDL CIII ’-I-UU, I IIU
Tozagﬁ‘f'%tﬁand chain 402, tension | eg nethod 404 %

Total éeightiay wal | rret hod 406. ChOI ce of the tyjpt of

3

:‘
(e)

THRRRPS T 8™ BT SRt o, Once t he- type of nBbH ng.

Trﬁckﬁémﬂlﬁteﬂh@cﬁetﬁle\tdlﬁabhOCk absorbing materj@p, the

ﬁllnnflf\/ andlavout of devices—to -neet the

PESSefercal Wallndi ti ons and t he operating cBAdition

W@ﬂ{iofft%&kﬁ &R@RBlsS can be deter m ned. Layout |og5noorin

dolphins for examle mav be such that the hiorizontal

3| 5| 3| 3

Deptis pf braswsliffensts t he f1 oat i ng structure is adbfuately

M&feRal PidpetticS ahd RloWable Stkkgds@ECES are appr ﬂ%éﬁ[ BTy | Units

distributed. The |layout and quantity

Density of high performance concrete 1900 kg/m®
Modulus of high performance concrete 22.9 GPa
Poisson’s ratio of high performance concrete 0.2 ' ;
Compressive stress 70 MPé
Flexural tensile stress 172 MPa
Splitting tensile stress 4.3 MPa
Allowable compressive stress 42 MPa
Allowable flexural tensile stress 4.32 MPa -
Allowable splitting tensile stress 2.58 MPa
Dead Loads Data Units
Total selfweight of container terminal 737250 ton
Weight of one quay crane 1360 ton

Number of quay cranes 8
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of the nooring dol phins may be adjusted so that the

di spl acenent of the floating structure and the nooring
wo 00008398 not exceed the all owabl e val ues. | NPOT/8€2005/000356

reduce the wave forces inpacting the floating

structure, optionally one o nore breakwaters 106, may

be constructed nearby. A breakwater nmay be useful if

the significant wave height is greater than 4 m In

the followng, results of calculations illustrating
ABAQEJS@H&@rmmeséﬁfoameejaanmen élrﬂmdbdm fidr td cilb@ation consists of
resen vention w || e descr| Fi gure 5 sho a ,
+ R G Pomanofor T G Fingis 6t ZolEn sarnARd e vertical

MS.GEMfderﬂenttfer thaesistx Bagdimensibaslt BﬁBﬂEm \ﬂlﬂddlﬁél@dt fhigknesses

he cal cul at ndlscus InF
0 o SERnLOnLR BHUET b heL APt M e 3 | 2o a
. Q&hdde&fe@ﬁh Si8hents fbﬁﬂqo@dmﬁg o Bean StiferiEEs E@cHBEam stiffener has a
IP| ]JOHS indicated in Figure 5 are in neters. The

ofof the zero- buoyancy chanbers are

. S.gfé#ﬂ%hﬁé’d laYe bitadneatts theahode e &t@%plafé)@eméﬁl@ t& Hbdel the
A fini te el enent net hod ée%tg% cal cul ati on was

CYRYAHICE ferRes- e aring £o8% fakep aspreoOkhif (3 rQ§c>t %ﬁé X 5 x 5),

WHidhaY bqdieslenttt MSbGayafbpdRRY. S. An exanpl e concern is
the differential deflection between the corners and

the m ddle portion of the floating structure 500. For
ex aF’th%s Fathd)b sHoW e fé&b(:ulé&ld RficatiintsurfRcOPRIGA 72 Ifér thé" floating

rail 504 gradi oesaov ertain gradie
StrEgns WP et UOYSCE SR SsS o Ty Rsr PRy ey R RPYS Rgcording
to trﬁeeﬁdmmstém&oﬁ»ﬂ@nﬂ &emwmyd t Thed eefdction dsuHcss | 7@9e1702 were
ure WhICh Wi, || beblefl descri be

stru
calwl@tgﬁég Bh 72158 9niainsy | 9 ther 3eys E@nPJR q?%?P'et\?E terminal
selﬂfelgfht walisted i ?Bl?lﬁclh af@ﬁ"t l@é)eeerafg@}nza mmguﬂmﬂr@ms 7a and b,
er 0 e S UCLl Ur ure
thel BREG, TRy i SeDIRABeE il | DousTeblE, sRbogkERbe(Fioure 7b)
ex&ﬂ@nctés @lghihbént@nfédiubé’d Edlfféré#diae deflédion04f tHesMmOaR® structure, as
||IUSQI’at(é/$ by the substaﬁtla?ln qﬂat%péeﬂ(c)eg:rt]losn sattﬁfséc 982 608

Figures 8a and b show the calculated stress contours 800, 802 of the bottom slab
for the major principal stresses for the floating structure without zero-buoyancy
chambers, and with zero-buoyancy chambers according to the example embodiment,
respectively. The stress contours 800, 802 were calculated under 7-tier container
loading, and the crane load and selfweight as listed in Table 1. As can be seen from a
comparison of Figures 8a and b, the floating structure in accordance with the example
embodiment (Figure 8b) experiences significantly reduced stresses.

Figures 9a and b show the calculated stress contours 900, 902 of the top slab for
the major principal stresses for the floating structure without zero-buoyancy chambers,
and with zero-buoyancy chambers according to the example embodiment, respectively.
The stress contours 900, 902 were calculated under 7-tier container loading, and the

crane load and selfweight as listed in Table 1. As can be seen from a comparison of
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respectively. Simlarly,

as shown in Figure 6b,

t he

zer o- buoyancy chanber 602 is partitioned by the mddle

W@ b@b/0é045 di sposed between the top and bott om BCEBE2005/000356

606, 608 respectively. Apertures 610, 612 are provided
in the bottomslab 608 in arfas of t hezer o- buoyancy

chanber 602, with correspondi ng apertures 614, 616

Fillse? 9P gl 5o ha ST AUR i o GREE M BB fmbosiment

(Figore @) eparicnodd signifidamitly 68Biced sprestesvel vy,

two ortho

gonal

and extend in

sets of horizontally spaced rows across

the top and bottom sl abs 606, 608. Table 1 sunmari ses
t he Tehhtea A dogptlesuirhmarigch thec déftactionts calculated fdi tig fideting structure

nensi

wilol R b PRy e

tructi,on,materi al

Plge A VI 20 RY4¥

g

erties of

examplguambatiineerd sresedtivelyl. Dat a Adopted for
Cal cul at i onABAQUS software was used for the

n}iq%s \%?odailﬁge to the

cal cul ation. The nodel for the cal culation consists of
4-node thli n-pl ate el@sfiestion fndr t he top, |n DifeeeraidbDeflection (m)
bot t om sl abs—and—the—vertiecal—waHs—Eagh—element—for .
t heriglab jhas di mensions 5m x [Smwith di flf PP With T Edge with
t hi cknessles Cantbreach efEdgeent f or Cehige ver|t i ¢edpestdol hasespect to
dinmensions 5 mx 4,8 m 2-node beam el eHrents f&r ¢
nodel | i ng the beam stiffeners. Each beam sti¥fEfier has ceNUe
a | ebgt h jof -3%3 Lat er-ad.0&6prijngs -ar8 at tlached 69 the -0.17
rodes—ef—the—pottomplate eﬁ'\_mnt% to—radel—the
buoygncy forces® The s";?'g%g cloef fi cﬁsent is t9k1§n as -0.04
250k m (F L.Hs_x D.8L %85 x [5), -wHech ijs eqeipgal eni]  0.41
w—pge—bawuﬂpnf;u fotce—Figurds 7a and b i{show the
cal ctl at ¢d d&$%ct on ‘S‘b??aces 704:29702 |for Ik 0.68
fToadi ng [struss3ire| w thpgt zer o- bg@pancy chambgrs, and g7
with zer -buo\/a_n_gy__ghaab,eps__qigcnrdi ng t the p)(aJIpJ_Fl
emboli ment , T&2bectivel390 The def"dd i or] sur fedes 790, 1.8
’BHoWsdi& [cal cul at ef “under 7-Tjier _comaimner foading, [ &
and t he quay-zbane|l oad7.6nd tlhe term nalj ¢ "~ =
Deflection
Draft OK since deflection is less e
Check than allowable deflection | Yy
T
Deflection (m) Differential Deflection
Tiers Corner w.r.t. Edge w.r.t.
Corner Edge Centre
centre (m) centre (m)
5 -6.15 -6.74 -6.27 0.12 -0.47
6 -6.48 -7.02 -6.93 0.45 -0.09
7 -6.69 -7.15 -7.61 0.92 0.46
Allowable '
-7.5 -7.5
Deflection
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selfweight as listed in Table 1. As can be seen froma

conparison of Figures 7a and b, the floating structure
w0 pooaoedrslance with the exanpl e enbodi nent ( Fi BCE/BGAU0F/000356

experiences significantly reduced differential

defl ection of the floating dfructure, as illustrated

by the substantially "flat" deflection surface 702.

steisekes fg{antdnewgb@@tgﬂétmoﬁtruct ure wt hout

Zer o-pbuoy th zero-b oy ancy.

j ( V cul ated stress contours
80BTa02 o@ﬁﬁwee%%%ﬂw'swor the maj pr princi pa’l

ancy chanbers, and
chanbers according to theTg%Eﬁ%Ie enbodlnent
respectively. The stress contours 800, 802 were
cal cul ated under 7-tier container |oading, and the
Adyanigge$ oad and sel fweight as listed in Table 1. As can
be seen froma conparison of Figures 8a and b, the
ro% ﬁg structure in accordance with the exa

FroYaY Rl EnasByerEip SX¥PBRICeS™ P‘?jﬁ‘ief‘ﬁsc%(ﬁn&gﬁswe since the

watef HowE th ahd @85 6Sturaly Gohthe9éhaniérd nfa?ﬂ)ecﬁé ﬁéé@lf&qoumps
tress contours 900, 902 of the tﬁ { he mgj
ancg glag

EXRRISIA OBSrRLAG £OSt 7S {hary PEie; FYRETr e Fﬁf&huoyancy
chahfiseds ey alloay thehfosiing Sstruameb \m hBve? EieDsAHO \IRATE ¥ven when loaded

et BRRaBio B T Sesaiebl et st rreedklo TR SvaNJpest to cost savings
bedé@bé%fahmd)rmng&ﬁ rhotliles m&@ltmrwﬂgq@dloamagi %ﬂdcﬁ:l}ﬁ The lower
rane S I N anl e . can
ouREE hSmPe Rat dtashie Soloerrl, ECand fding Stiudhive ‘Siee the
thickhesd ioh gtraétumtsuct&)nlsnmaqu eaueed Wdbd to h?e enéamadestresses and
experi ences ntica

TS e HELT50 s Eavrplb | e Oty e, Fueeqhly and strength
camﬁlbecTh@wagdmthﬁyedﬁn&ﬁgk heeihg attiallg r?ﬂécl! ummgweter may also
profiil Hygioch BBl ARG SrerreY Bidichig B0 ddlte sebicre Toré TSkant t
moveapsicdaused by wadhioecesd Emil veatsr Adieaty, ages

Industrial applicability

Embodiments may be used in

o a floating container terminal, a floating cruise centre, a floating hotel, a floating
restaurant, a floating pier/berth or a floating airport,

e mooring buoys,

e spars,

e semi-submersibles,

e rafts or mat foundations on soft soils, and

e other floating structures such as multi-body floating structures, and comb-type
floating structures.

It will be appreciated by a person skilled in the art that numerous variations
and/or modifications may be made to the present invention as shown in the exampie
embodiments without departing from the spirit or scope of the invention as broadly



The zero-buoyancy chanbers in exanple enbodi nents are
passi ve since the water flows in and out naturally

wo e@mosdres chanbers. There nmay be no need for pROPSGzN08/000356
expensi ve operating costs as _in an active ball ast
system The zero-buoyancy cAdmbers may al | ow t he
floating structure to have the sane draft even when

deslg%aded %}lén&\éﬁ]%ég%’ﬁ r qﬂ'\é\l‘é gteStd%é 2 S Cgs&%sg%g{g%f[é%m(ﬁll respects to

be MOétFANEznY nef reaRidtlees across the whol e floating
structure. The | ower buoyancy chanbers may lead to a

| ighter and cheaper floating structure since the

t hi ckness of structural sections may be reduced (due
to the reduced stresses and differential deflection)
W t hout conprom sing on the serviceability and
strength capacities. The | ower buoyancy chanbers,
being partially filled with water, may al so provide
hydr odynam ¢ danpi ng, thereby making the floating
structure nore resistant to novenent caused by wave
forces and water currents. Industrial applicability
Enbodi ments may be used in a floating container
termnal, a floating cruise centre, a floating hotel
a floating restaurant, a floating pier/berth or a
floating airport, nooring buoys, spars,

sem -subnersibles, rafts or mat foundati ons on soft
soils, and other floating structures such as

mul ti-body floating structures, and conb-type floating
structures.
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It will be appreciated by a person skilled in the art

that nunmerous variations and/or nodifications may be
wora@e/043973 he present invention as shown in thePERSGHIOE000356

enbodi ments wi t hout departing%fron1the spirit or scope

of the invention as broadl ydescri bed. The exanpl e

enbodi nents are, therefore, to be considered in al
cr g cts to be illustrative and not restrictive. CLAI M5

L pontoon-type floating structure conprising: an

upper deck that is to be maintai ned above water |evel

and that fo.receiy or d by the | oad
resti ng t hz} %%1%°°”aﬁ¥aeﬁ %&gl irgﬁ{&fﬁ ‘E%{ﬁ? ésﬁ‘gof chanbers
di spaamanbpten decknthat is tb Ibe mgpainedetoye watdr évet and dmdids to receive
I N i f e that provide the
an@t ?’6?20 Q hthéhooi%%%@,g tﬁ%%gg eLnélcond set of chanbers
W t h arhdrzontah aray ofchaskers ispeised siodéinaathtthe uppendeck, with the
f r it 4o n
ondibs R OURTT a1 D0PnRBIERS hf hRRRE Bl g BydiBhoy. and
a sequindrssd iof gharhbewalwith wlmpehdviﬁg ancedsaheneeso deat khaisdcond set of
- 0 separ at ed
onBfBfE i Lhh 2 oddherio 6t g BAARES, 2P0
sai d ZNaI | s Thesstiyetues af tiginpdr pbadirc algurality of aialls depénd from the
S
up ehg?cg%d%aép%l +tg ‘fl%étlg;a ﬂ?to}r{é\\l)&eg {she cq’ltan{b@?é %e{ir%aﬁa(}e% by the walls.
secorl set Thmatrhcmrﬁeof\mmmsz a\ﬁwetd\resald@mﬂsl agegeresdllygerpendicular
g r y r .ans e c
to 388 ek v By Sl iahdip o HETSL TRACHE, Blferly parallel anc
trarﬁvwaellyzsoac@ amd assowdstet cwilfs theswalisi efrthesecaysingst dieing generally
re 40 R9 0
P fIUF b ipl SRR R dho WoRedll O I Rt E A that e
chaptbesminkmrizentalitiapsirrse oeswvabttiontaee ognerpkypsauaeaiorf mgtangular

LE% 0P BErorof 55, % b 16 81yBatl BESflor e
re$pentive botiem avalls, the bottom walls belng displaced from the upper deck, with the
bottom walls of said second set of chambers having an aperture providing for the flow of
water.

5. The structure of anyone of claims 1 fo 4, wherein said second set of
chambers are located adjacent a periphery of said structure.

6. The structure of claim 5, wherein said second set of chambers are
aligned in rows adjacent said periphery.

7. The structure of claim 6, wherein each row is displaced from the
periphery by at least one chamber of the first set.

8. The structure of claim 6 or 7, wherein said structure is square or
rectangular in configuration when viewed in plan so as to have four sides, with each row
extending generally parallel to one of said sides.

9. The structure of anyone of claims 1 to 8, wherein said structure is
formed of one or more of a group consisting of steel, concrete, and reinforced concrete.

10. The structure of anyone of claims 1 to 9, wherein said structure
includes a generally horizontally oriented bottom slab that is to be submerged and that is
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5. The structure of anyone of clains 1 to 4, wherein

sai d second set of chanbers are | ocated adjacent a
w@eso7pksery of said structure. 6. The struct ur ePOf/SGL@F/MNN0356

5, wherein said second set of, chanbers are aligned in

rows adj acent said peri phery.4 7. The structure of

claim6, wherein each row is displaced fromthe

s DRSe e b G 0 P, B O Bt B e

therefrerquare or rectangul ar in configuration when vi ened

in pI n so [ Si h h. r ow. .

ext en ing J‘gﬁeﬁ’t&CF@gpar APeEF ¢ a%'ﬁ%s gfto i‘ls’dwb?r&&.sa@. array of
chaimberst rsuetfwsteamdy,aar;doemdoétrumhﬂe niscliddso a 8secohd rtwirinorstal drray of

0 f

crBhARLPEgh SO 9o 208 FRBeRL o, HEEMR: secora cramoers
sepanamfobbye_a g]eﬁer_alfﬁhorsﬁqntatlywrl_enteﬁ raidyiendato &na Lt s gdndrally parallel
o s P L AR50 RaBBEERL bgtom.

subriex gedhensirucheie of spgoes af Iclaimaratol &1, wimetein Sald top deck has

]
apERineB ey B A fcyb i BigbulsR e nb R 8P Bkt o e chambers
of éheysavendbetcl ains 1 to 10, wherein said array of

chanbers is a first array, and said structure includes

a second horizontal array of chanbers | ocated beneath

the first array of chanbers, the first and second

chanbers separated by a generally horizontally

oriented mddle slab and that is generally paralle

and co-termnus with respect to said top deck but

vertically spaced therefrom 12. The structure of

anyone of clainms 1 to 11, wherein said top deck has

apertures and/or is air pervious to provide for the

flow of air with respect to the chanbers of the second

set.



