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WD 2007/ 043975 PCT/ S&005/ 000356 1 A PONTOON- TYPE
FLOATI NG STRUCTURE FI ELD OF I NVENTION 5 The

vy suoid@sysr el ates to a pontoon-type floati ngcrsczoosmonsse
structure. BACKGROUND 10 As,popul ation and urban

devel opnent expand in | and scarce I sl and countries

(or countries with long coastlines); city planners

and engineers nmay resort to-land ' reclamation to

"~ ease the prePONTOON-GYRE IFOATFING STRUCTURE! and

under ground spaces. Using. fill materials from seabed,
hills, deep underground excavations, and even
construction debris, engineers are able to create

r [ and valuable land from 15 the sea.
ﬁ%@/@ﬁ%‘%gcl amation has its limtations. It is

only suitable when the water depth is shallow (Iess

than 2Qe Mrent¥f ?Jiatésh‘@ a‘%ﬁt@én—%@ﬁ&bhh& sthidfle and/or the

seabed is extrenely soft, I'and reclamation nmay no

| onger be cost effective or even feasible. Mreover,
IBARKGROUNERL | on may destroy the marine habitat and

may even |ead to the disturbance of toxic sedinents.

20 Very Lar Fl oat i n Structures (VLFS) are an

21t or A& PRRHAER R HFoRD IYploRMENt XA n 1ap Spafes iglami countries (or
Thentidesa nvith tlong: teppsdiihedf Ay kfannkise as® rangba® rifidyb kot Y€ land

i uce{asn RGNLR0 ke LR uresamexgﬁgffﬁasu.& L&t 4R aﬁ,h O@Adla@%und

ures are rai se vel

EPrgRTMdngEianderiadramasaabad, hills: daep undararns @@\@twns and even

rcrbrﬁyma:tm debss, %ﬁéuﬁ@e‘frgsa:@fabmwwwlﬁvéﬁvmgm diiibRYasY from
Sta orce an re

AR R R eonBadch vl Iy kel i P it e e watr

deph dsyehunliow {Iedsthars @ m).\When tha wapéerdaptb ds lafdeamtiionthe seabed is

EMJIP 55 latth ehidnio daly | dd %nﬁé}r b@@gst @’ﬁ@&“& tdr WeR freasible.

and a ret pi ng exa | es, of
s 5P et ROy e oSN HE adiae habiil 85 WAL PP o the
dlsteuﬂmbacﬁte:dcmuimm.seabed using vertical tethers
with high pretension as provided by additional
buoyancy of the 30 structure, they are referred to
as t eYRIY baop ElpatinaStusiuras (VERS)asm ap a%qmat'p%mﬁ*ae%tqcy%e “land”
bh ¢l deag Thofeldrt Wi fypéd 6 VAUFSE e s@ﬁﬁtub@&:@ible&twé @d8he pontoon-

agoon shor

L b{é@' §<Q'I1|| sYJb El%rb!euarge ggatl r[ﬂ.lﬁ@lte a?e fte I ld%laaael using
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column tubes or ba[iast structural elements fo mlnlm:ze 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 refemred fo as tension-leg plaiforms.

in contrast, pontodn—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




2 -category of pontoon-type floating structures or
Mega- Fl oats have at | east one | ength dinensions
greater than 60m Wen a Mega-Float is heavily
| oaded, in the central portion for exanple, the
floating structure will deflect wth the centre
vertically displaced relativeZto the corners. The
resul ting di fferenti al deflection nay cause equi pnent
t f [ QN rStLr. £ t f
cate&%ryﬂ?t Bc?nqgé —R/Be ﬁnge é’@c r%g olllg\géq | I;I%Qﬁs ﬂ%%ee%ggéét Q?ue length
dlmarﬂsmmreetﬁeﬂi@aﬁam may | ead to structural failure
under hi gh stress condi t| ons A need therefore exists

ddress at | e t on ove probl ens.
Soniies, Soe gl RR B el o PRy BrlB L BortER or, pxgmple, the
ﬂoamamctmé wilh eefﬁﬁoewhtthe perdret vesticalll gisplaced pelativediedha corners.
Thep%smf?ﬁb t nm%rérh.euat aéf%cﬁérf Uﬁ'FaW EcdtR8P réqﬁipﬁent ﬁﬁm‘é%’rﬂftlon the

nd
SUP?rﬁHFCtP@t n 1B é'P@fé‘gaﬁtéucéldfﬁptSr *ee 5’”5188*8"69 %@[ﬂ#&'q“s%\atfesses or in
extrel@s icases g feadno striagterabfaihoeiundet Bigh siressycoodiiticanber s
di sposed underneath the upper deck, with the
chanmbers providing a first set of chanbers that
pr dviess! thesTage ﬁﬁ'é%d? addiesh ablgastane,pf theahgve p
set of chanbers with water having access thereto so
of chanbers, under steady state
SU“&@%B‘;&E@EC@S&@?&WOW de buoyancy, wherein a

di sposition of the second set of chanbers with
r e$pectortiandehwith iar first ssdecbbf teapteserdt ingentichdbam is uzrdmnded a

ponfo%@%p% ﬁb:;t &H}cku’?‘é dp‘é)ﬁ@r@ﬁ%; QA L?é{)g? RRckRRG ISdt%Clge maintained

OI‘CG exer is reduced

aboyeYrpigr &yet anchthat Me fefede WWP@H“@HP?" BY:8ipdlaeq resting thereon;
andpé wr.gbrff@ @’f@n‘aferzﬁarab@s di$szed athder@ath et bppdredatRpauith the

chamE%rg pra ljlggr ﬁ drs&%eto Bf njlbser rﬂ%ftg)r @\F(J#y r%%ﬁl%ﬂ: %rvaﬁjf)l.ll'b%ancy

ope her o provi
and @reaebed selsefphnarbes Wih Wh’féf having acess dheatol so thakthe second set

of d%@li)ersahlrweg %ﬂ%@l ét&tep%ﬁ&ﬂ?]tc 'ditbaitﬁott Brosidk dblﬂﬁ!ﬁkcy, Wyldtein a
I'S e e r

disohgef BLlr-saeo0y Sk e RS i Shoteld o e EFRS Qisbtmbors i

chosent such lratwedifferential tefecfien ofithe sppebddakgingenforcsis|exerted by said

IoadQQFé?:Julc:@é c@rﬂﬁar%?@@ﬁ‘éﬁ"ﬂétﬁ}ey n mlm&r@aﬁﬂ‘&ﬁ@iblﬁ chambers are

nor mal irst set so that the chanmbers in
dispagHg %’W%ﬁaﬂﬂ &rHRPer 988K cr oss-section are generally
squarpurality r ef Callsg pifeferablyf hdepehd rftven ghe rupper dbtky ahad\oe-operate
t wal | s being
ther%‘ﬁﬁpﬁ)gﬁrb\y % éht%w oo ée}aré&@&ﬁ?%éﬁ@ the bottomwalls
of Sajd dv%lgcqge,@ra;f@tabtyf g@wgﬁ{yeq%'pend[cular 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 be‘ing 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 periphery of
said structure.

Said second set of chambers are preferably aligned in rows adjacent said

periphery.
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havi ng an aperture providing for the flow of water.
Sai d second set of chanbers are preferably | ocated

?@,;3?{‘@ peri phery of said structure. Salﬁﬁ%&g&ﬂs%
set 0

anbers are preferably aligned in rows
adj acent said periphery. W32007/ 043975
PCT/ S&005/ 000356 3 Each row is pref erabl y di spl aced

o T e 55 BB B

deecfirgtsgiul ar in configuration vvhen vi evved | n plan so
as to &ay §nfc@xHar lsﬁiré*&%bly%ﬁéie %ﬂfﬁ&taﬁ@)fér%&@ﬁgbrﬁﬁbn when viewed

[ f
3P S50 P T et P Tt pR e ayspiaioifo g of said
gidesp consi sting of steel, concrete, and reinforced

concr eé&d stl%@!u% i§h éf&%ﬂiﬁ f%rrﬁédaf)f%rn@ Bt Mo REL Fi%%ﬁ c@nmstlng of steel,

ggnera ﬁfﬁﬁrlzont y oriented bottoms
B cgrethat is generally parall eI and
co-t er$ﬂld18!&ICth prefeestipeiatiudes a déhesdlly Horizoptalleateniedtbottom slab

Wik i Bs! o Bﬁ%&&gl rgfai é&%}allgﬁgéué}r %o Urmfl@ YRR "rSspect to

'S prefera sa| structure
Sad QPcﬂ%k%“W 'Pm array of chanbers
| ocat eghidbgrgar bhdnlﬂﬁrsf isiphdferably &wrﬁfarrﬁh&ﬁbea'a striidifre includes a

Pl o Bae A A ARSI BRG] g o A e e
L yhmhea separatertiby 6 geaeeihh berizoptelly oriegisd dniddie slab and
- gk 6 §MRrafhe Bhrali tand AoltbrmdusYwithl Res SR €L Shidl R& 8EdkOBRt vertically

Said eck preferably has apertures and/or is air
B%WFBEE“P'B provide for the flow of air wth respect

t 0 .t heaid prdedt prefefratih bass epwindsswti/or BRIERNDREARI pgRvideNor the
B T RRAMLNGS, 1 UnEaRbAneubady gt s of the

I nvention w e better erstood and readily

apparent to one of ordinary skill in the art fromthe
BRIEFODESCRIPTION GF THEDRAWINGS), by way of exanple

only, and in conjunction with the draw ngs, in which:
Figure 1 is a schematic side elevation view of a

f | oat E4e@piet enahodinpents ot edinventin wihbe better understood and readily

- apparent to one of ordinary skill in the art from the following writien 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 botiom 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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25 exanple enbodinent. { Figure 2 is a cross

sectional schematic view of a section of the floating
of Figure 1. Figure 3ais a scherpixl.

bo {}#gﬂ%}d%?gw of a zero-buoyancy chanber of the rsG200s1000336

floating structure of Figuré 1. 30 Figure 3bis a

schemati ¢ bottom vi ew of anot her zero-buoyancy

hanb f_th t t t f_Fi
i ur BRLAUE ST T b 8 JRaG e g eding to another

exempieiegvediventddimeasienstin metses)ng  arrangenents for the

{1 00 e UGS Uil ot Sdnat VB WAUSRAR cramber of tre
PCT/ SG2005/ 000356 _ 4 Figure 5 is a schenmatic
Vicatpastructure oh 58t g- st ruct ure according to anot her

- ex anpFiguerbdsl a sehimalic croenssEctioral view b4 zearspuoyangyLohembar of the

i = Ss sectional view of a water tight
(athgSFIAIR Y Fiob 5

I Ioatlr;gostructure of Figure 5.
Fi gur E'G818 3 showe e Aglls %F%es‘é‘c‘hf@ﬁfﬁlg M%f‘”"@”t zero-

- b panbylEnaaibess Mmdanblededib at/iger corttaindriiat@ing {defistidheindletres).

Fi ol gre T8 SHHE 7@&%?&:\4%%:%9{0 ﬁ%t foBfh S&&cﬁ%ﬁ%ﬂﬁ%ure 5 and

structu uoya
éﬁ@eg%'joébﬂﬁ! op-aia!aerﬁoqdir@r(d%moas ﬂb’ﬁeﬂeéhd i ng

_( def | pglile@ashbvls A8 Sdntourof 8 bt atSRPHE nidjor prmcnpal stresses

3F &, faung hidlied W zatodfioyarl SatpEE ) bliieds to a 7ter

Icgmalnﬁgoqdﬂmf(sfe&sswnéﬂﬂah metres). Figure 8a shows a
- St resgighRNdr Wiowsl a arbqt &d?lfﬂu? loflthd Béttoll SiaBBérOthe majortpnnmpaf

15 she

pri nC| aI stresses  in,a float |n%[bstructure W t
25 ieis A9 RHEUP & Betrect BL G ke 4o 4 T painer oading
((slmsmsrieMPlapadl ng (stresses in MPa). Figure 8b shows

t
or et B SAFHOY o Qhecs d6redth 41 4T LD o e rhl A sesses i
|a| figating sfustire withepieerabroyancy chamberp apd ﬁ*ﬂl‘dﬁcf?érfo pgHifF agntainer
(oabing $9RSsdsi MPa).. Figure 9a shows a stress contour

f
71 oat P SPATBvLR St BT Ja1 o5 S50 ncDF BRErBurbadfgsses
U Seatiod stractere of Fighrers mmen@rl to b @digr captainer laadipg ¢stresses

i) -
DETAILED DESCRIPTION

Figure 1 shows a floating ‘structure 100 according fo 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 sfructure
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,
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20 Figure 9b shows a stress contour of the top slab
for the major principal stresses in the floating

y of Figure 5 and subjected to a 7-tj -
ﬁ%t g’lt’ﬂ{esr%sl oadi ng (stresses in MPa). DETAILIJ 620051600356
DESCRI PTION 25 Figure 1 shows a floating structure
100 according to an exanple enbodiment. The floating
sbwc%w b 102

ok SR BRI pBBRILI 0 BE Wl 10! as 1o

18@‘"0'% Slurality of chaplely @9-306 208 J6@ chambesy 205k 3R ase agged in a
nhwzblaaloafayomﬁlehjéamr iy idded 20m A HMEONtRb@RMMAME or slab 210 is

PFOQ 9. 'fm%ﬁlé E& ‘z&ﬁ ag knl?-fgé {|]Ig sFaB 2%& gu rrﬁadgﬁroglraawtﬁrdmggmous

re.
Cross sect
a"@@&@h mﬁh Gﬁ*Cht ¢feth¢ Wwalts 2039204 sealiagly cenneded torihe horizontal bottom

SE[&WQ‘ICU ne trﬂe%spéwh wiles aaprteaatea K ihd s W&ltmamer@ e.g. 206

+ 78 Budgy sDgoa st s ! °gF"R‘R}é{*P§' RGP s5 friy Spertures
2@@7/2%3@75'01#@ @Gze@sm@mstaaewan fi@dared ok seladtddscla@Pers 208,

- ZQlﬁw%tv@&_Q t&@f&&f tﬁ&sle%h&ﬁﬁé?@@@' 566 % féé?ht&tg ﬁne%gig\g?o?g ger the

I ural i t of nbers e.
e Aot s (oo retes s the derAMLRRY he grovil Wb gpfures (no
ashowy) ermiayr eeatherviskairgenious,0f lealt inGirézsa tiel chbmbére 1208, Under

V@é&dy%’taté'c@ﬁdlfo}% g% cl‘BE‘lﬁg d%fsl ?r-ghkﬁuélvﬁﬁédsw&o%ate?gé to aaslevei
Sndieatedt at 210, %PWH'%*&%WE@P& lenel. ingipqted %@@me@b&wseal | ngI y
connected to the horizontal bott om sI ab 210. In t h| S
respe ' Lk [ ed t el

t he c%%\&gée‘rﬂl\sé{et 5 E%gp%wﬁ ea%éea | ng T'%gg% té%s o fhggbers,
vighigdy maw pe meferredhtoogs githeells, providp éce@ahmyancmo thefleatingr sisicture

2408, »2% sahfe mﬁ@méi@ﬂ,ainmg tchambat b@STbn%lﬂ@@ b&%néyﬁo ttﬂbestmaure
charrbers 208, oW n

a g | ecte
B2, Pl B GhGh S BS 2005t b A0 bt from ares
winderineath e chambéns @a8.t he 10 chanbers 208 as the water
enter, the deck 200 nmay be provided with apertures
(not shown) or may be otherw se air pervious,

| east 1N e grample Wb?ﬂ'@e@hfﬁﬁﬁﬁ?@b%%os 8 PeEqvided ta@a@yn edge 216

sff dee stneOulé 1100NSnd dhe relhntieths za&ampaacy izwighef than®rs 208, a
{ LNdl
SRt Rfucdind fritol Y cope' A5/ BbB 1 Vi fapng o docrose

Ahepdifferentiakdefinetiopef the efige Qmelndoﬁdﬁ & WPIl%dn@t opngar §fe centre of
teteefcabiny Eaicfire? 960, Bmm S RERBMBer anityebfetiPof thfchambers 208,

oy ﬁcﬁhed t 2 aS 1?{5 eldlasﬁgne% tOVIa?n atrzl re drgerel){hapgg?lechon within

acceptable Ilmlts under varymg 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 aliow water to freely enter so that the water level in the chamber is
equal to the sea water level.
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100. At the sane time, the remaining chanbers 206
provi de buoyancy to the structure 100. Thus,

orces are acting on the bottom sl
gﬁgxﬁﬂ@ronrareas under neat h t he chanbers ZggﬁgégmﬁﬁmﬁG
t he exanpl e enbodi ment, the &hanbers 208 are provided
al ong an edge 216 of the structure 100, and as a

resul = of t h ) '
restrai et 5 g t | ca &%X' ‘%)e?tste%egdg)%roaz'%g%d'@ual zero-
pPWﬁ@FydChaﬂﬁP@ % 3ﬁ@run@ t’h?o@!@g: egergiEe dFﬁé“S sharp points in the
dhéérﬁf&:?ﬁdyaﬂe ﬁ&ﬁé@&é fhep tcé}'f cérﬁ@;st@ﬂﬁﬁ@ p&ﬁt@ foMtRdRKd. Oﬂﬁiﬁet ize of the
i e e centre ati,n
FryfleR s b el eten oy SR Valepue o i€ sherhBty ot
oandwle:keeeaﬂbsmwlmmaﬂtah@Lt@oati ng structure 100 can
be designed to naintain the differential defl ecti on

vvithl acc ble limts_ und ng | oad t he
xanpile B ORI CHE alr b0 Seps 5q FoiRfucted ot stes,

desricgt aie:sfurchd t:hm-ete lsech 39 sl rremfbmealcomcrrme.gmn 4ny alifer suitable
! Wetefthd BB A B Lﬁsrtﬁaéhﬂﬁ%%%q strEAGtnBAES Walkrihirss of

IS C sen |C|en argetoa ow wat

f pEErefe é‘ﬁ’!"é ror dighitp W&WY%“\/@? é?‘“fPFS’t’r"@P‘“r Rithen @ra@ﬁgﬁbgqncrete or

| effsherfélmhcréte rﬁd?&e&%d%r@sﬁarlnﬁh&ﬁgh—ﬁé&rﬁﬁ@&d Ehdf¥ebcontaining fly

(t-i:'?sg'gé é.gr%otﬁ%g% b? surtagllér R S Z cldto cﬁEQtV}Stt@r( %Em!)lﬁatrcns of

aper ures rndi vi uoya

cHiaeie matiads mayg de UFQQ i H%W%W§r e desig ns

sharp points in the apertures may be avoi ded as they

cper { RRERLGolbPaEbSs 58 hE AT o o Rl iy g s

-oWvork jeing fea mkepenpie casingse cathedic prateglion, ¢simoeika glowence and convsuon

PRAbilofit. A é(rea%n@ﬁére W ﬁé lél"g%ﬁrsm's Bird Q&w@xﬁmluﬁrg coatmgs may be
rrbodl ment the wal r] stab constr cted
S08! o Todiign craBine Brena 16 AR O RIEMA oLt oW SO Such as
rdaraoﬂpbmredthabm aveat dow ouaten iavel) tchibodis prcdteatibremay be applied, while
{
S Tl el e
hIgH HheBeadpW JAIRSTIoNS) GARENG BYIPST BBl dude SR fianium-olad

VEirRy( éthiglBés KU ifify, EhePiral spialint ORI ZIRE) RRIIIEM ﬁﬂyarhaumum alloy.

used. For exanpl e hi gh-performnce concrete
containing fly ash and silica fume would be

©'sui t atRebming now |tp Figarex dp fecinpering faclily 162 lesures that the fioating
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CaRiuRAi0o % ¥epPih &hérrwma:ajre oilies Imtarnedraythbqoamgdtrudmre can

e S B i e S e ris e

otonditiorstamd [storms is an example design consideration for a mooring facility 102. A

free or drifting floating structure 100 may lead to damage fo the surounding 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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work using for exanple coatings, cathodic protection,
corrosion allowance and corrosion nonitoring. In
ay63m7issse narine organisns are active, antﬂc&%&hdog}&msss
coatings may be wused to reduce marine growh

areas of potential severe |ofv corrosion, such as
directly beneath the nean | ow wat er I evel , cathodic

) . ! . .
ey Ol AR i oSk e Gt oM AR, the
Gttty and Ryey ohdgvirs tm@esqéébﬁ enuwnwa@télrcon@v@ls anddhg ppRjating
ERhdHRSHS aﬁ@wquufaﬁ{ddti&aﬁ Bk Eléﬂeﬂﬁned LEydi difAoehiafldolpHir f&gaxample

301,450 PR R BRETER Ll Al sy

Psp@fmﬂed and thia gnootiag forrgs faeecannrqmatylyzﬁe@rby@ﬂe&et layaut akrbquantity

fok ot ImagnngZEmﬁ{ngéJ Fﬁay 1) A&}&Eté@ sKaRdt thé c&%@t:ém&l? 63 Ghe floating
LI [ ng

Pt e B Shponiga et AR ptexEesalii vt s g ¢ ne

structure 100 fron1dr|ft|ng away under critical sea
condi [ Q4% sFfd c%ttﬂé {¥Bve B8l mﬁ?ééﬁﬂa the ﬁi}%ﬁl‘é@&uctu%e optionally one
consi derati on noor i ng g

@F ets bigriwetss: 1q§g"'§¥ P& cangirected iRg Teéﬁﬂat?rd“%b’é??dﬁéf”’ ifthe
ignifibant wave Ieightlis gteafenttianidtmes and may al so lead to

the loss of human life in a collision with vessels.
Figure 4 shows a 30 nunber of types of nporing

syst elpghefoiqyings reshits Qf&ﬁbh‘??ﬂr@dluﬁféatm ﬁﬁ‘é’e@@'taéﬁ? dipw example
mwnmgntby tHePpRdsentaM@nidtawil bé Qdscrib&d) Figute b&Boweh B&Hmatic top

3557 B BNy TS e 1, R38R ehimen, o
gmblior ti‘@rc@lcalnmart discusgrsy Hetowra cfdgure Gua icenteah centaiyd area 502 is
%%%94&9&@ BCH/ %%55&09(3&@ ecE;eQiQﬁe Etlﬂﬁ:tdré/ 1390. OfDlrnensmns

orin stemis chosen ock absorbin
fPé‘F@ﬁng“ Flopiee> at ja meters Jhe q‘?‘ﬁ%i’f g Zﬂ&ﬁ”&@g‘q 8"%?&’@?
séhemativally udicated al nutrenals 506)508,and 5tthe oper ati ng
conditions and requirenents can be determ ned. Layout
of mooring dol phins for exanp may be such that the

* hor i zbddinig e'ﬂmﬁ'i!il 'ﬁ@@?ﬁefﬁﬂ‘@fmﬂq‘#@t‘?ﬂ W&’t HsRY tet ompaier e jsiucture
g aotqumsetﬁé samé @ﬁﬁﬁ@blmﬁom&drdmﬁymﬁ bha’iﬂ)eﬁ@rﬂﬁéxa@{[% concern

[ | a st The an
R? %Rfre%gaﬁ dﬁt&ecg%] Eﬁ\?%és rmy neersa d¥do tH% (ﬁie ott %e fioating
am@plraé@@ré’nt exgmpleheafayousgnengay BQtle@bEFrte oaﬁatetrﬁée between-rail
BROgratEntlgRES AdvéE Corltit! gradiem @Pedifiatio] loP¥eRiph: 0adues. In
order to reduce the wave forces inpacting the

floating structure, optionally one 10 or nore
br eakivutthe s:alﬂ;ﬂ&;ona.amebsin_ctmresﬁﬂmos essumedrtoybe Af a double layer

%@%ﬂﬁ%@i& T e At vgrﬁe P ﬁa&%w{b&ﬁq hﬁtgﬂl%% 99' f\% \%?ﬁ&w %ﬁ‘lﬁﬂ% cross-

' 6?0“8%6' aflewapi pwater tight ghamiper §90.:and %F?Wé’h%‘?‘b%?oz of the
. SIRRYUPE S00 (Figure. 5) respectively. In Figure 6a, the water tight chamber 600 is

partitioned by a middle 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 middie slab 604.disposed between the top and bottom slabs 6086, 608
respectively. Aperfures 610, 612 are provided in the botiom slab 608 in areas of the



enbodi nent of the present invention will be

described. Figure 5 shows a schematic top 15 view of
v biandasdyg: contai ner term nal 500 accor di ngckRcidgo003se
exanpl e enbodi nent, and used for the cal cul ation

di scussed bel ow. In Fi gure 52 a central container

area 502 is provided, as well as a rail area 504 at

%ﬁ:-tﬁﬂ%c&’ ondhier Hob u\sﬁm e&réggndufao%merm smib:%%&ﬂ in the

in Flqgure are in met catiqn
e B BT AUTPOE 6 T 520 SECYHEE: HearTosth et 06 and
© ain topnatrted Holbdd,slabO@8 mepkchddy, aMd éddridnint voebréhogortal sets of
e the
TRl Sl 0 SR O RplAS tlRRE sl GRTBRLS | T,
zer o- buoyancy chanbers. An exanple concern is the
di ffeTI‘ﬁ:iré | Blsup@faieat N dart \waeméd dol Qi @aBulalth ritRiding the

ng %n? gttlé co%@tr&ého& tJrJaP ﬁ‘tok;&ges gftb‘F1gC§(o &e ?Ig%ng Fs?rpcture the

quay Cra oper a
ﬁh’éﬂﬁhﬂﬁ@l@e’ﬁe'@i‘épfquaxsfaﬁgﬂ gradi ent goes above certain
gradi ent specifi cati on for exanple 0.4% For the

cal cul ations, th r suned to be of a
10 doubl e | ayer st‘far @ﬁ?@ﬁ‘%ﬁ[?ﬁ'aﬁ%%"be briefly

@aaeusadnaobfﬂroagug@struﬁmrand b show schenati ¢Detaoss- | Units

o0

vi-ews—of—a—water—ttrght—ctanber ¥ and %
zero 'E%ovancv chanber 602 of the 30 structure 500

Tplaiee 5) respectively. In Figure 6a, theS%ter |m

To@KeighhanDer 600 1S partitioned by a m (gpe Sl afm

A a~a-a

%meﬁ%éfﬁ%?ﬁ%%’"@?n larly, as shown in|Pigure E>B1,

%/] di cnncnd het ween the fnn and-bottom-siabs--606

trhekmssduhtmmlate/lefdndaber 602 is part|t| med by tl e

‘yll D[JUDCU UC‘[ VI TTT [IIC 1U|J (78 ls_UULLUIrH
g-'a eg%ﬁéfémgﬁgﬁuresoectlyel v. Apertures 6 612 are

W@Dﬂh&?mwﬁem bott om slab 608 in areas )ﬂ5t he Wpm

: 4 stiffene Yqlaty m
rhanhpr 602 \Mth r‘nrrpennnrh ng r-mprfnrpq 614 . .616

MatrrialRepperiies aad Allpwable SElessess04. Beam st | PRBner s | Units

D&ﬁsﬂybﬂﬁgfﬂﬁéﬁoﬁﬁ%@&%@t@der neat nh the top $hem 606 |agan®

ton of . tha hatt aom cl -espect H \lr\| " Aand

&%F@H%of\ﬁf?ht%o’mapﬁ%ﬁé’ﬁ?ﬁ s;t s of  horizoni &Py spaltd

Pomsprésosiinss high petfamassecdposteom sl abs 606, [8@8. 5 [~ [.f

rrses—tte data duuptcu for—t T, MI"aﬂ
ca i Ul aterécg'lr?g?ncl uding the dinensions and

| Elenweltensile sfresfat eri al properties of the ekdAple |MPa

hiadig tBdisstdest UT €, The selfwel ght and WeRgNt Of | WPa

nes- -
ﬁiio%?sbie compressive siress - - 42 MPa

Allowable flexural tensile stress - 4.32 MPa -
Allowable splitting tensile stress 2.58 MPa
Dead Loads - Data Units
Total seliweight of container terminal 737250 ton
Weight of one quay crane 1360 ton

Number of quay cranes 8
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10 Table 1. Data Adopted for Cal cul ati on D nensions
of Floating Structure Data Units Total length 470 in

'5%%0.” 3g%h 520 m Total height 10 m Thi ckpesgehsmnoosss
top and bottomslabs 0.4 in Thickness of

intermedi ate | evel slab 0.2%n Thickness of verti cal
walls 0.3 m Wdth of beamstiffeners 0.5 in Depth

of beamstiffeners 1.0 m Material Properties and

Al l owabl e Stresses Data Units DenS|ty of high

b@i\@tls refivesee wahesedifer theo@BulagermThe/maas! deg thsf calwghon consists of

Pe&gf&ﬁé"ﬁ?ug -BiakOSIEhEHE B ihe tS?amxd&@' 2P MdttSm 'sBibk An@fthe vertical

rmance concre eSS|ve stres
Yo URO=A TR P F?%@@evs'%w%ﬂax Sty ‘?“‘lcgnesses
t e aad bachadanemsiod thd viiReal wAll hasdiibbesiane Hpn e 4 Sinv e st ress

FMPQ%FéImln 8!%@?11'#? fB &éﬁlﬂg{; the%gllnlsﬁﬁe}ggg E%ﬁl}dbegée Q{%ner has a

enS| e Stress
Lo&@gmméﬂa Unlts Total sel fwei ght of contai ner

je [%ﬂ\@épnﬂég ?a@aﬁe@ﬁed t\é\%é}kﬂde@ﬁf 108 ot MiateleRiientb36 fhodel the
a es
PR RbIBT60 TBa §Ps RERGE & e AT SR (o198 ¥ 851 K S

c awbigh isteqoivalertiie thethdeyanfploraehe cal cul ati on consi sts
of 4-node thin-plate elements for thetop, m ddl e

and bottom sl abs and the vert
o1 crrdRurRgla A0 SePH Ehe A e shlattos B se 19 (Rbder the foating

stiubiuer withbut Zerchuny sz sharbbens) cine avith zerb- doeyancyf drambiére according
t\éethéie%pt@'aé$b&f}l§enqi Jé@;.%%ln%ﬂ? E’T hi! d&ﬂéctfgn urfaces 700, 702 were
calculated under 7-tier container loading, and the quay crane load and the terminal
selfweight as listed in Table 1. As can be seen from a comparison of Figures 7a and b,
the floating structure in accordance with the example embodiment (Figure 7b)
experiences significantly réduced differential defiection of the floafing structure, as
illustrated by the substantially “flat” deflection surface 702.

Figures 8a and b show the calculated stress contours 800, 802 of the boftom slab
for the major principal stresses for the floating structure without zero-bucyancy
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 ioad and selfweight as lisied 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 siab for
the major principal stresses for the floating structure without zero-buoyancy chambers,
and with zero-buoyancy chambers according fo the example embodiment, respectively.
The stress contours 900, 902 were calculated under 7-tier container loading, and the
crane foad and selfweight as listed in Table 1. As can be seen from a comparison of
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|
- suyrface 70QR. CROWFi dur eEd®a ard

h

i

] Cooe A g
Wit hout zef o-T arjcy ~ ﬂ%rrb(-:rs,' wilth -084 -0.17
zﬁr 0- Uuoyancyaottmn‘der s- @6z or di ng-3.88 t h¢ exaonph e | -o04
bodizment . cut.Tv ] T St S S—Goht-aHE:S—804;
m_méz;re chal cul’a un?e'r 7-tlier A(":'ont ai nerhg? 041
padi ¥y, apd 38 cr ane-4-84d gnd s&%F weilght &4 | i sfed 0.68
T Ta@l € I Agg3n [DE SEEH 1 1joNT 2g gL onmpar I Spfy of 097

2-node beam el enments for nodelling the beam

stiffeners. Each beamstiffener has a Ilength of 5m
L4296 Sh3hassRr | NS are attached to the nodes Ofc?HEpmsmmn%
botton1p ate el ements to nodel the buoyancy force

The spring coefficient is taken as 25CkNm (= 1.03 x .
9.81 x 5 x 5), 10 which is equivalent to the

. s 7a and b show cal c d.
T o by e oatl B0, B o g Wil FRyole BrBament
él’lgur@tab}@mrqmmigmf@ﬁmlmgmﬁetyesemmer s, and with
zer o- buoyancy chanbers according to the exanple _
enbodinent, respectivel defl ection surfaces
700 FA0oR2 B0 SR i SRRt SROUREH e dpipe stoture
Ivataditregro-lauegiartch eharalys, caneineit eeal beyandyhehatnbensi asedrding to the
%Q!aﬁn&@'eﬂxﬁ&dlﬁént gegﬁ{,ew Table 1. As can be seen from
a. conparison of Figurés 7a and b, the floating
structure in accordance with the exanpl e enbodi nent
(Figure 7b)  experi-eDpemstion @il T1 cantTy [r ed#eertial Deflection (m)
ditf f er ent i p—dettegt+on—of—the—fH-oati StHetur

i Il usigirat e by the subst anti g '

-

y "flat] deviEeo) Sdoewitn
Cephiow theraspéadtd aff etbspect to
E bot t om|s| aentfOr the centre

o-floatiing.-structude

sfress confours 80(, 802 of t

L or—prinei nnl stresses—for
A\~ T 1 rJ <

and-bh 1t tigg-structune.in
:corgance WitHP4 he exa?r%ée embot{rent] (Fi4lR e gy 18

pAlloweblees si gnifi cantlg rediced stregses.. FQ NaF

A ?Igct{i% show#he dal cuf-8te %t“EeSS cx»onhti’ours ,%@’05{_3902
he_topl slab forl 30 the ramj 6 “bring i oal stres es*”

hr . Drafie | ©Ktsingg deflectinntisless \Ji tTh ;“

AN, | 3k albivibid 8fReiIA0 a?fcy Ghaitef.

contours 900, 902 were caI-EaLHeaﬁ ed under 7 t| er
container |oading, and the <crane |oad and sel fwei ght

as listed in Table 1. As can be seen froma

caonparison of WD 2007/043975 PCT/ SG2005/ 000356 10
gures 9d and b, theeflecirm(Mg structufe i Rifferential Defiection

F
atcorganced W Th the[exanpl e gnbodi Ment | ddm&W. . PPEdge w.rt.
e

~0 "0 OO T~ "0

Xper i encas Qogmrf i pantdge r educdinise r egses. @) centre (m)
5 -5.15 -6.74 8.27 0.12 ! 0.47
6 -£5.48 -7.02 -6.93 0.45 -0.08
7 -6.69 -7.15 -7.61 0.92 0.46
Aliowahle 1+ - )

~7.5 -7.5
Deflection
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Tables 2 and 3 summari se the defl ections cal cul ated
for the floating structure 5 w thout zero-buoyancy

and with zero buoyancy chanbers a n
523?%3&3%7%@ e enbodi ment, respectively. D(i)f%%g %WO"’SG
(m Differential Deflecti on1€rr) Tiers Corner with

Edge with Coner Edge Centre respect to respect to
centre centre 0 -3.53 -3.06 -2.89 -0.64 -0.17 1

- B. 4Braft3, §20K ginggdeilegtioniglesst] 2 -3.53 13.85 -4.26

0 73‘)!‘@0}41 %anaﬁev%le‘cfbﬂgc}mndf 95 1.42 0|68 4 -3.553
2--11-0.97. 7 b2 .-5.00- -7 70 4,18 1.8
AIIovvabIe Deflectlon 757?139@ Draft OK since

defl ection is | ess Check than all owabl e defl ection
AdBlaces 10 Deflection (m Differential Deflection

Tiers rner w.r.t. Edge w.r.t. Coner Edge Centre
centre (m centre (m 5 -6.15 -6.74 -6.27 0.12 -0.47

6 - 6.7H8 zerb-Ridyary SBabas in @xél8ple Ambbdifents Ard passie Glnce the

o2 el e e o e A

Nk PEENFiV operafingsgosts: as ‘in an active ballast system. The zero-buoyancy
chambers may allow the ficating structure to have the same draft even when loaded
uneveniy, provided the acceptable draft is not exceeded. This may lead to cost savings
because of uniformity .of modules across the whole floating structure. The lower
buoyancy chambers may lead to a lighter and cheaper floating structure since the

thickness of structural sections may be reduced (due to the reduced sfresses and

differential deflection ) without compromising on the serviceability and strength
capacities. The lower buoyancy cham'bers, being partially filled with water, may also
provide hydrodynamic damping, thereby making the floating structure more resistant to
moverment caused by wave forces and water currents.

Industrial applicability

Embodiments may be used in

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

* mooring buoys,

® spars,

* semi-submersibles,

¢ rafts or mat foundations on soft solls, and

» other floating siructures such as mulfi-body fioating structures, and comb-type
floating structures.

It will be appreciated by a person skililed in the art that numercus variations
andfor modifications may be made to the present invention as shown in the example
embodiments without departing from the spirit or scope of the invention as broadly



Check than all owabl e deflection Table 3 Advantages
5 The zero-buoyancy chanbers in exanple embodi ments
bxe since the water flows in and o

q&?ﬁ@?ﬁ y “from the chanmbers. There may be ngkﬁggam?mmss

punps and expensive operatilhg cost& as in an active

bal | ast system The zero-buoyancy chanbers nay aIIow

the floating structure to have the sane draft
AbRgramplocsrahRdimentsy % g i %ec@@ﬁﬁ%‘sﬁ i gl gpRects to

bs illnatatiexa@ededsyidives may | ead to cost savings 10

because of uniformty of nodul es across the whole

floating structure. The |l ower buoyancy chanbers may

lead to a lighter and cheaper floating structure

since the thickness of structural sections may be

reduced (due to the reduced stresses and

differential deflection ) w thout conpronising on the

serviceability and strength capacities. The | ower

buoyancy chanbers, being partially filled with water,

may al so 15 provi de hydrodynam ¢ danpi ng, thereby

maki ng the floating structure nore resistant to

novenent caused by wave forces and water currents.

I ndustrial applicability 20 Enbodi mrents 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, 25 sem -subnersibles, rafts or mat

foundati ons on soft soils, and other floating

structures such as nulti-body floating structures,

and conb-type floating structures. 30 It will be

appreci ated by a person skilled in the art that

numer ous variations and/or nodifications nmay be nade

to the present invention as shown in the exanple

enbodi nents wi thout departing fromthe spirit or

scope of the invention as broadly WO 2007/ 043975

PCTI SG20051000356 12
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Novenber 200 13 CLAIMS 1. A pontoon-type floating
structure conprising: an upper deck that is to be
mai nt ai ned above water lew and that is to receive

5 and support a |oad by the load resting thereon; and
a horizontal array of chanbers di sposed underneath
¢baMSpper deck, with the chanbers providing a first
set of chanbers that provide the structure with
buoyancy, and a second set of chanmbers with water
havi n§ acc&P8npensves fpating stHekreCHBPIEPEgoNd set of
chanbgrt gnpetifsdre thabis @RbY maih@ined akuVE iwated RSsl aB®hBIOS to receive

4 S%*’ﬁaﬁa?qa%aih Ydadlosnr‘é‘g@tﬁér? N, disposition of the

CHAITDE ﬁnrespect to the first set
of chanbigortali aray lebshambens ciisposagt undermedt teampsraeck, with the

. cﬂ:@ﬁb&gﬁﬂoﬁmnéjg st m&ﬁbe@l@@, Orﬂmrthé QER with B8dveRY, hd

said |o IS reduce structure in
%?ﬁcﬁ"do%)?g\ﬂ?ﬂ" IS |"@feﬁ§' %?ﬁ?@?s %fﬁ? RS egcim"\ghset &
abadibers @addn stehdy stppemditieskdo it protide buoyaret,ur e of claim
1, V\h\ﬁlff%lrma @lswsﬂiﬁffi‘hf thy/ s&t)na/%t laischgﬁl &QM Fegpggc{tg%e ﬁrs1t et

upper CO- O erate erew t rOVI
&R Fsgs @pﬁ@n gich éha § differentigh fgfigotion °f fhﬁ ém&er F’%Fé‘t“ﬂi‘eé f%?es

axbddNy2 salc‘l\ﬁkﬁiﬂeib I’}'e&.&ladi c\mabérs:j & @ grB@isainl which only buoyancy

er cul ar dec malls i ncl udi ng
pgovfdlo ?‘ IS R 4 f9 P °asf§’§urbd§ﬁn3?talﬂfe a Eara and ‘

t rans&er seﬂ"s}e sipgiteedofghaem 4, weareind M'ﬁy %Vtaﬂﬁ gapendiisgm e .

Pherldls &.a%@age;&etnemm & ;ﬂ@ﬂﬁrtﬁé ¢AmbES ‘s@dal*e{i‘éd bt?ﬁda v]\cfalls
0 e I.r

Cer "yt hore RRASE e AR RESER i pRBATE arrer R

- e rsails des.C witho thea mellyg énlediag |2y fist walr thabarer gertesatiy wlasatie! ahd
t%h&e&éﬁ/ n_géc% Gnd 5 s&iMd Qéiewrﬁ’lfth& l:vgﬁsrﬁ? tr;]e Jeeor%’semﬁ%eﬂeraliy

ers ave respect ive bottom wal |
@df%' o%?f"v%“?‘@r%éﬁ srgoed apd gensmly Morma He g ﬁ@i S%}e%)kthat the
cwhirhberd if Gorizbatttamvesk cpsotectia de gaeailg saate dfectahguidrer s

havi ng an ap« £t;tu?t[|r% dt% ?3}’ Ll 4 %tafn%” Lhe wf‘nérgtWtr%fchanlﬂ@én? have

25 5. "The structure

roivestiee hottom @!!gé]@q)bggtoglgfalig) eing disp!aced 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 parailel fo one of said sides.

Amended Sheet
IPEA/AT



chanbers are | ocated adjacent a periphery of said
structure. 6. The structure of claim5, wherein sai dPCT/SG2005/00035

second set of chanbers are aligned in rows ade%d29November200
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15

said periphery, 7. The structure of claim®6, wherein
each row is displaced fromthe 30 periphery by at

| east one chanber of the fi4st set. 8. The structure
of claim6 or 7, wherein said structure is square or
rect aggul ar. nfiguratio hen, viewed in plan so

as toBhave Tlh OLﬁt u‘gﬁ”ae a”’(/ﬁ"f“ﬁ’ SRR T &S WhErRRg ?@““Ct“’e is
igetasrol pheyor prredflagiroup comsistingéf stal, chnsis@eand rdinfenetsbnerete.
Sheet 4¢| PE%@QUB&I&%Q%&QP §l§ ims Rle?oe bvﬁqeret% %ald ftructure

Nq mber 200 14 9. ture of ahyone
igclydgs g geqgrally @P‘FF%‘QFW’@‘B‘P‘& eqf@mesfqbéhat B hﬁe%!lb@fergem@ddhat is

geperellofaralicysralugb-eomitis StithNgspebt ©18@ltop 860R quﬁt'e?bcaﬁ}néiaaced

tp‘ Lifpr ced concrete. 10. The structure of anyone of
aims 1 to 9, wherein said structure includes a

gener &1y Abe |SYB¢i¥raqu)ﬂHWe¢ft<é@nbdtbom gthadeint $witt afray of

dnemb@s Sé«lbmﬁétgﬁr@ aé}gi §i}§%trl%cgjr% g}cﬁﬁé?ﬁ aoleééﬁd H’%ﬁ LeLrdng

FapbiL Bere ofice Eu 1S FRE Rt O ormiers. i st sndcieene agevs of

chprylnre senﬁarmbamysa Jpet@allyOhoriabrealigi otiestad dniadis alabodnd that is

g‘éné}m'} aralibiSar® dolth nu@rv«yltﬁ¥ sg?&%) 384 q%)séercy %Lt%eﬁicaﬂy spaced
array of chanvoers

incl udes "a second "hor i'zon
%He5H@ed beneath the first array of chanbers, the

fi r s12. andhs ataidte af laﬁw:ae of ctithschanpe %en’éiﬁ%ﬁi&h@qec&yhag
[ Sl a t
s 5?3@%2\'??{( pa'F“zJ;ﬁ(’jtfJ OV%B% r@-u g%fq‘gntﬁ 'Wp? t‘ftE ﬁ?ﬂ%em

of he seford $88p deck but vert| cal |y spaced therefrom
12. The structure of anyone of clains 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 15 of the second set. Anended Sheet

| PEA/ AU

Amended Sheet
IPEA/AT



