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WO 2009/ 072897 PCT/ NO2008/ 000431 "A liquefied gas

tank wwth a central hub in the bottom structure”
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When performing a cryogenic filling process the bottom plate struc{ure and the tank wall
structure of a tank will contract when the tank cools from ambient temperature. The bottom piate
structure and the lower part of the circumference of the tank wall structure will contract first,
then, through thermal conductivity and through direct liquid and evaporated gas contact with the
wall, the tank wall will cool and contract while the 1ank is filled with the liquid natural gas.
Particularly for LNG ship tanks but aiso for some land tanks it is required that the tank is
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I ssues to be resolved, sone of the main problens being
the tenperature, volatility and toxicity 30 of the
gases A nunber of tank designs have been proposed for

| ications all having advantages and
§ ﬁg%ges Wien performng a cryogenic fifT§INg008/000431

process the bottom plate structure and the tank wal |l
structure of a tank will contract when the tank cool s
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US Patent 4013030 to Staffard, "Support for LNG ship tanks" describes a tank support
system located about a circular horizontal section of a tank. The support system comprises a
number of identical supporting units spaced around the circular horizontal section of the tank.
Each of the supporting units are joined to the tank, and also to a base. Each supporting unit has
a bottom hub for resting on a corresponding cylindrical sieeve. The sleeves are arranged on a
substructure on the ship and are allowed to move radially but not laterally relative to the tank.
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20 Background art US2905352 shows an early attenpt to
forma stabilised tank system arranged for being

placed in a ships hull, wherein the tank systemis
stationary within the Shlp whi | st al so al | ow r
t‘HQz?Pa"Hngctl on and expansi on of the tank resg‘%ﬂ{’%@”‘}“"‘”
to tenperature change. Below the tank there is
arranged a guide in the ship fl oor conprising
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shIPISH¥GEEn hub for rest i ng on a correspondl ng
cyl i 096974587 deb@iB¥Esupfdraanah@mens fGrsemnerabrgmctaniwalls wherein the

s% ?‘lta%%%bbés pr% tJEﬁlcaﬁ 'Qﬂgf}»oﬁ‘%‘# tr@rt:ﬁ\kﬂaﬁléjwﬁﬂﬁk%nﬂ&t@latwe mation In

twwwraz swtlm’rwmw'b@eiﬁsnere tehesubstaniigkpoinbiapdse 8l tgpk
mdwﬁ&p@nmai’amﬁ TheesigA Blcomnplichied pneseatsivegthudiecreasing as

%DMYE\%'{I% aR&TJ-Sousg‘%}éJ} ?Qm%sﬂ-{?‘?ﬁea&:# dtie R do fi‘%e“r‘tfh%aﬁg?«?ég& b8 LNG

cture or se I ng
tankgisage tank in |iquefied gas carrier ship" describes
a pr DElpatentcl 5hemBi désafibdsiagqrettidddst trgaspoaihg LNG ehersini apluraliphof tanks

éresarraﬁP%f 4 %ﬂe dnﬂ whthih QEE?WWEQE Aidtuin Eghﬁﬁﬂ’ed by a pIuralrty

he tank to ex
B FRRTROBASP: 0 A HIYGE (oA @RERY A0PY! S SIBHETONTFeo! Lt Fand Wnerein
t5dré 13Git )etis? ohsceatrancoldmal basiet Thel design hacessitates butkheedasaﬂtwan ships

craﬁacbﬁer tﬁ'hl T er?g( b Eﬂ?)a@s Lhvsy &rtﬁﬁkn*' ﬂﬁss\ﬁ‘r' in‘&lléaﬁr v?é(d?\mcﬁst and

rom nving In -t fore-af
cemP'@e\eut'aﬁ@nﬁmﬂqw@Péﬁ" movenent restrai ners arr anged
al onpE{phentaeaiode Tankschiff ziirh Eransdoityof BKisgigyasenh tesadpes Inca similar

rﬁ;ﬁlﬂéﬂ' 4 du ﬁgm\ﬂétnnr% fdr'3 g%lé]'ﬁanﬁ {4k BAAIG PBRJitudlhd Fioldntht restrainer is
arrangre?! bgiow tlﬁe cr;ﬁter cﬁ' Eche fank, and lateral movement restrainers are arranged under the
fore and aft ceﬁter portions of the tank. Spaces between the support structure portion of the
rastrainers and the tank bottom structure of the restrainers are adapted for receiving locking
pads which are locked in place while the tank contracts during the cooling process when being
filled with liquefied gas. Along the starboard and port sides of the tank compartment are lateral
movement restrainers also provided with such locking pads for engaging the tank with the
support structure when cooled down. This is an exceedingly complicated design, and requires
very precise machining in order to achieve the required tolerances. Thus the tank will be very

costly. Furthermore, this design will transfer loads into the ship structure from the tank, loads



10 support points arranged for carrying the tank, a
desi gn which greatly conplicates the installation of
the tank. The supports will increase the design

wei ght, and the supports would furthernore seemto be
arranged in a non-symretrical manner. This |ack of
symmetry will result in an wuneven stress distribution
during cooling. The design will also transfer noment

| oads into the ship structure. 15 US6971537 descri bes

support arrangenents for sem -nenbrane tank walls

wherein the support assenblies provi de verti cal
rel ative
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restrai ners and the tank bottom structure of the
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bottqqihub retaingy °Ei‘é@é§ép?@ﬂ3ﬁf%wpllfhmww'eu said gentrabtack bottomn hub is
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Advantages of the invention

A first advantage of the invention is that all éupport of the liquefied gas tank in the
lateral direction is guided through the central hub, thus no lateral support of the cryogenic
tank is required, thus no "cold bridges" through the Insulation Iayer surrounding the tank wall
are made, thus the insulation Is more continucus and more easlly installed. Further, the



3 which are uncontrol | able, and to sone extent
unpredictable. If heated to above the intended cold
operation tenperature of the tank, the |ocking pads
will run out of engagenent and the tank may roll in
an uncontroll ed manner in the tank conpartnent.
US-patent 3, 064, 612 to Gardner, "Carrier
constructions for bulk fluids", describes an LPG
carrier with prismatic tanks extendi ng substantially
fully abeam Gardner's patent describes a tank for
liquefied gas, with a tank bottom structure supporting
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cunfef 8o 5t 166 b Ak il B Prasin 4 gonsealt skl igpmfenieistvieo
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C5 PHi ) ddbénde drile ifpton ab F%*E? TG AR rafaed g
Perigheny plite ‘BP'&%‘F‘PE' stuotweisthabvedioal ifarepsdionrihe tank wall due to sloshing
of theorag ot toting) ofl they sH® @itchifgTirRreviigte indirytor BalidicN s #at Ld2R forces
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thatbot t om hub adapted for being held by a bottom hub
retainer on a | ank support structural floor, wherein
said central tank bottom hub is arranged for
provi di ng substantially all radial support forces In
directions parallel to said tank bottom structure.
Furt her enbodi nents of the Invention are given in the
dependent clains. Advantages-of the invention
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A first advantage of the invention Is that all support

of the liquefied gas tank In the Ilateral direction is
gui ded t hrough the central hub, thus no I ateral

s‘g@%) 9@1718;57the cryogenic lank is required, tQus\B9os000431
"col ridges" through the Insulation Iayer

surroundi ng the tank wall are nade, thus the
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oflawsttann plete istrenturs bfesach 4 piscetic tark.t he t ank bottom

Str uﬂguﬁaeis Q@E‘%hﬁeﬂ vbRiGal seiabd ih&ab%ﬁ@ﬁ%ﬁ)str@éur%‘é tafi AcB6rding to

fromthe tan

r ar
PR i th ket o %EU%WB%S‘W“?L@ P adscgpparment i
this embodieere rthmnhtlnmrhankhumtuwg is\acotdalied| exteenabmenbanical structure with the

S Bl
2000 875425 BT P SOOI SR By {“BH‘F Bfgpé'invenin in
wliichUibé cylimdrinalwalh inee platleds sueporied by vartiaat girdans aranged oo thetepgs of the
AbialbREmP SitheP @M HoREM structure, the cylindrical wall and the bottom wall structures
being insulated from the tank compartment bottom and walls.

Fig. 3b is a perspective view corresponding to Fig. 2 and illustrates an internal beam wall
structure erected on a so-called external structure tank bottom structure.

Fig. 4 illustrates, in a vertical cross-section of the lower portion of a simplified tank
according to the invention, showing radially arranged vertical retainers_arranged for preventing
the circumference of the tank bottom structure from being lifted from the tank supporting
structure forming the bottom of the tank compartment.

Fig. 5a is a perspective view of example vertical retainers with arms arranged for holding

about the lower flange of the radial beams of the bottom structure.
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plate, and provide a |owered centre of gravity of the
cryogenic tank in the ship, and further provide an
enl arged tank vol une as conpared to tanks having an

Seﬁlbgf)@@gzs? am structure. Still anot her_ adv_ant ?ggm?}tg??m%m

nmat1¢ | ank according to the invention is
that the 5 tank volune may be significantly increased
as conpared to a vertical cylindrical tank. A typica

cyI i pdr S Smi
| B 558 cbAoriY opRbdtu AR o S el bl Thming
’§Yﬂ”ﬁ*“ L'#paped bedle clamp, vertirg! W&&Oﬂala%:ha'ét%hﬁ tapk %4"8?1‘@{‘9&5“"3"“““@
draragravigep ©ver trroutel Smgmi'thbﬁs SfigRoRizoned! Bean&)@lf gue tédkllbgttdin structure,
ol di ng about

tﬁé%@%ﬂ%ﬁiogl %:’aér}r'é'tn 0&%&: églgidh)éw%?thpwnkhgm to the sane

cr os 519s8ads p ger SW'WstFﬂ"bbe'% Bhorigenty @lapp pisn egpogiment of a tank
steerag o the iguentich withaanii-rotaiobal cetainess ol thel &ldiabbeach stactlileef the tank.

: ; fainess | ;
48 DALY ST A0 Sre WL brolim Ay ol Ty fitdlhe
sylrgliea! taskceplie. hereafter called a cryogenic tank,

acCOFigi 61gs h similirperspsctivd viewnfrorh betow the horszeatal mane@hardother

Jnﬁﬁ?:HHth%f 3 lté#lﬁ a&forcﬁ)rﬁ% 1}1\5, u{v@rmﬁn @Rﬁarﬁﬁ'}:?mﬂntah@taﬁ\@@%n?ﬁgeh QAE3r the

structure. Fi 6Igers pective ustration

Tt beamgength *@rFB'dfﬂ?dn'Ei’f?“y mihe-eWindgeal taok cepi®- according to
t he Figvais a perspective vieardnd s@esisdctianof alshigl hlilywitheevertizalatylinder-

Fed%@%oﬂﬁyaﬁnkb‘?\t deAtafedon ik ehin loﬁ?ﬂuﬂmﬁ bulkRELI ahi @hﬁ@kecﬂon of

11 prismatic
RSP ANFGA G FEoR o e BiPhg Lo 20 the
i NVeRigi s a pérepectivelviesasdil cioss-gattionsd BBhip's bullwithva seliesydi plismatic

tgﬁk%}npgljlrﬁéﬁts aToN \Mé'h‘lnﬁ'é? fr‘nergﬂh'é shbGRFRSa sé%flor?of Rtz Msuiated

%ate structur such a prismatic tank. Fig. 2a is a
/NG ‘P"I%‘G""\fé’l‘"t"l%%[?‘“%@é’i‘? 'B‘ff"“i‘?ﬁ'r ough a bottom structure
of aFigahilustrate o starfgrebowhittreay anseinta horizontal bdant ih@ tankibkttom

srlrgﬁ\t.lﬂe'?:glhg Erlcﬁ alt ﬁgbbjic:lb?g@ bd U%Bﬁg&&éﬂe@hﬂu{glbf&% aétiﬂ Qn 5 @QIkslandlng
%‘t“i‘%%‘tdlﬂ' gbpagn ‘5“'@6“%%?!‘?'& gtrusiurets e alRewhern FE’&? “‘5 P?‘E?E‘c v gure.

Such bndolmpensated Iskidat formek inrties tagi @ttem atruchng aw laygely @imiratedithiteugh

faTe} 8 tructure's beans. Fig. 3a is, as Fig. 2a, a
séljn'p‘?’n%rlﬁed vertical section through the tank of th

i nveR@i Bris 7 Foseni tustration ofam armdee vatica) setqiner fon a peasy. g?'%ﬁg""e
dogespaniartt 6@ aoy-type vérticahiletafiersthé Fig. Sa; thahgard oy partieshewalin

éggtm;,taﬁhe[o@g“pdln d&ayrs of the tank bottomstructure, the
cylipdrlcal vva?

i nsufgt0ds ? FIB '{PH'@‘Q?%{’:‘?E gﬁ%%%ﬁ&?‘%'é% %ﬁ%‘%ﬁ"éﬁ SRl rf'sng%re
corresponding to the inverted "U"-shape bridle clamp vertical retainers of Fig. 5b, the outer
portion of the beam shown, and part of the remaining portions drawn in broken lines.

Fig. 10 is an illustration an anti-rotational support for a radial beam.

Fig. 11a is a simplified design view of the bottom structure of a cylindrical tank according
to an embodiment 'of the invention showing the central hub of the tank bottom structure, radial '
H-beams supporting the bottom liner plate of the tank and a cylindrical wall structure extending
above near the outer ends of the radial beams of the botiom structure, with near-
circumferentially extending H-beams spanning between the radial beams. Arm-type vertical
retainers are arranged near the outer ends and holding the horizontal beams, and several
series of such arm-type vertical retainers of shorter radial positions are arranged nearer to the

central hub.
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30 Fig. 3b is a perspective view corresponding to Fig.
2 and illustrates an internal beam wal | structure
erect ed on a so-called external structure tank bottom

tructure. Fig. 4 illustrates, in a vertical
c‘m%%w@@@? lon of the |lower portion of a sinpl P Rg200s/a00431
tank according to the invention, show ng radially

arranged vertical ret al ners arranged for preventi ng

the Ellg rﬁ#m‘ er$ et m&har dF \?é’]w ofk?ﬁ)e t{aﬂggn %@gclﬂ.ﬁ% Wae%y iR tank

bei ng rom
geeqr Fn"!htg anjepbpdimerd of e 'W%OQ aFFRg E@h’p%ﬂ"@ﬁéﬁ'ﬁhaﬂﬁi ‘ﬁ'd'%!i‘"lpé’e"'ca'

raaa%wasmuhyme\ouﬁmmlﬁ oEIHEBGHNT of ik tAnk Bbttane4tAICIIRL Shis\dsiyn is
D 58 PSR A5 e Rl [l i
apd g A g vedtia! retaimnBofditsn A Baand Figy 1 1bgpay ajsoplay as anti-rotational
retamnére A | rdtwnom moMests abtat ¥ Vémta[ﬁms&mmﬁ tee semtrélinaBbr the tank.

ret ah € 113. Is; er;g gwé 57 blofigla carte E rp Lhdietn Q]kgﬂ rom below
vert WpBtivh W aofia ol Baarms R
t%m'epéﬂpm&vqwre of aafrmaw? @n@w@m&ﬁo the, é“"iﬂ!ff"é Tﬁ%mk [FRFismYiqout the

térik botiém Bexn si@dlur anb eRrverticd! rdtdifers cumlesivat laegehad thetdnkibeitom
Swgv(fgﬂ'gftﬁﬂdgﬁﬁﬁsﬂg’(te”d' ng beyond the per| phery of the

6a is a perspective view from bel ow
t he FiBri2agnd BB 13b arfererpecdive Byatatansetihe ggtion forcgs peting from the
takQ@nithi angws)PartdBe dofrespohdingreadtioh foages from theattnkosopport system. The

Pa"f‘hlqu a%srfw&rfmrc&e i élé’” ﬂbeel?eghﬁu tHQIaHE Sottgfn ﬁrt]ﬁu atﬂx]-;‘antl-
Bl il Sty uy

retal ners are rran
BN F R A Py Aeals, TR RNFILRSABGS T ca

forog¥k centre. Fig. 6b is a simlar perspective view

fr O"E,PeJaQnVMsHi@s th@&!ﬁ{f&‘m@*sl Lr?dqgndqfataﬁtﬂ\q rnWemtms ofa marllqne vessel.

accor I nvention wt
ant i Eipotaa fiugreias it 2 bofiomaiey aa'ﬁraaﬁ@'é@e%wfa' ViR of gn grpbogiggpf, of
theeingnboreshiowiag aineipe @edipleeral yedieabsoppbres. cy| i ndri cal tank

cent gg. 14E'|Iﬂstrazea.s ]JIJI 2 b@th Pﬁﬁeaﬂﬁﬁtaln \éﬁla%h@iﬁ‘teﬁ{‘ 1Gew of an embodiment of
Cross-section a vertj cal

thainyeRtisy showing wéﬁtee' PRy I8 cloameperiRher vieg! YRPY e

cent Fial 15k Q0gtratasci siaglifidaliektibal aekctiam through b taak bettom suctofe according
t@ﬂ glle%?‘lléh Qhﬁ&lrﬁérq gﬂ'ﬁ_ﬁh&nﬁ%" J;dﬂdaréeﬁﬂl hbPSHs r@RGEype Neldddn

I nventi on per spective view and
reMESs e enioe| ratial aew the §e'}ﬁfa| 'rubmef?daf'@érm%%wa? central hub
rgteinedTaéd ia thelfamewo® pasUppetiigsheamcabstiuttered@mbidimb tHeitark. of

t he §’§' 13b ﬁiﬂgraYgstahsjn?pllﬁ&%h% sQ&mﬁH’lﬁm ﬁ‘gt nﬂﬁb’l{oﬁ{ ﬁl@cture of an

nic ISHH I'C tank accordin I nve
a#wgaﬂvs embedyuer 3t the inugelor itz E%'%’M%PBE“ wa'§ tgp vgldeg f bgtween

ifm@r emis pf @biatbeams, itie central hib dnddrédinto a central hub retainer of the female type
which fixed in the framework of a supporting beam substructure for holding the tank.

Embodiments of the invention

The invention comprises a tank (1) for liquefied gases such as liquefied methane (LNG),
liguefied ethane, liquefied propane (LPG), or other liquefied gases. The tank (1) according to
the invention is for use on a ship or other marine vessel, The term ship or marine vessel used in
this specification further comprises floating and semisubmersible petroleum production or
storage vessels, Further, the tank according to the invention may be arranged on fixed marine
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structure of the prior art if subjected to an
unconpensated lifting force acting on a wall standing

20 on the end of a beamwhile the bottomstructure is
fixed el sewhere along the bottom structure.

uwg&m?@ﬁ%sﬂ ed shear forces in the tank bottorrPgP/NomosmO‘m
structure are largely elimnated through the

i nvention. Fig. 9a|saclose uplllustratlon of an
ertical retainer. for a r
St i T oo O] o o Ry S Sl B

Ersgurizgd fanks are a@amrﬁwpvd e tany aesersin 19 e drmesiion s horeager
densralyamdd J driig@fic @Ak 1), bl tBe inPdntibrbis AotdivMEdto ghks for the cryogenic

tiBJngéJrétL %r{sqg;ﬂuﬂg n@'&ré‘a‘r C#?sésyﬁlgh %setﬁé befs%L Pwrﬁﬁtfoﬁéd“ﬁ{ové 3‘&3 Bank (1) for

Ilwﬁﬁeg g5 p@iﬂid'éﬁ withq taﬁpbovem ﬁf@&lfe ¢18) andadank wall sioycgpre GR)
drhBger@ind aRiduiterencef(15) Besaluaao bafie@BtruchIRd(1 B Wall Edturhriitsams

(g??m?(? r'raﬂ / c}onaﬁlﬁlnghw lﬂeQarP(rmglﬁg c“r@ﬁ%; TE% fnk \JIQI étracture (11)

1 on an rotati ona
Wl&éﬁua!lv S@Ma 130K tpp. g he tenk hotfomn siudragl® fsl PERYidge yl"gﬁ genegafly
dzhtrdilp errdr@gbd @A BitohHubl (D), safd bdttany hib(dy adapled forbing held by a bottom

h
e
hyb (203 gy swawtpp?f@quaégmtaﬂ%mwﬁméParaﬂeawéhwafter%sa'%ﬁﬂk
tifem atrneytré Ady. i cal wal | structure extending above near

the ?kg t‘iﬁk S&Qc%%ﬁ{nglﬂﬁe {"9&@4 auQ\ﬁ?{P{E tﬁ‘?.f( id ttl-ereﬁ%ﬁ {?nFHugh a single

stru

RIrbBaE of B ienhgtase pEtFs ( MeSAIbAD) beWa Faaings e retainer
(26/dnialark boffdm BuppatingstRictareq2®s r anged near the outer

ends rAllaNBhHCAth .msmb.qs bt @Ak Fom SREle FofleRture to
series of suc pe vert retalners o

GTYPgpnie temg@wrm b&roé C(a\sadarﬁ?}@ iz éaregtential agypatage of ibe ‘avk being
dreNented rNDIEEHA HQFRED ThradgH bR AR AMDERAGEJ thFdugh orislcebtral dub is

tﬁ?fa@tjtﬁg?f}ﬁle gfr,mah al‘iﬁ-h KUI@WR%tmnfzj;h:golmg%ﬂgﬁﬁéug;ﬁﬁi@f"lﬁ@tank

tan
W‘Wé’q'ﬂeﬁ'%?ﬂ% Fyihe tggk ﬁgeséfﬂ'l"ﬁﬂ i H%g‘{"é gnly.the remainiag siryctyres such as
il MBB) vEihé |aﬁ|ﬁbottol‘n&tr&d:tme {0) &xa¢nding lotiéantadting inalireaionemaksing

tﬂ,f ,hﬁ Pf‘“?'gﬁ’ jthe tank bottomstructure. This desi gn
oué b cI ear cut enbodi ment of the inventio

cor r &wrmﬁ ﬁ@e‘:tes infbsiransiationgl apd fotatiops) dpgregs; of freegor: %rl'rd"tch and
ya féritiie rofationallhevernerits| ahd heavel sirgeains gedr fdritrg.trat datioaat chovements,
;Eéages mgy also play as anti-rotational retainers

agal nst ?ot ational nonents about a vertical axis

t hr oBERIrANado the fveation At hub2iEhysRiRVide Sepept againgt forges acting in
thelarerat plhne/an theé ank, alherel said ben{2y albner proNidels tHeownesaary laterdplane
Sich Hthd Mnd ARTBEEQY6) on the tank supporting structure (23). This is an improvement
upon earlier designs having a plurality of keys, slots and the like, wherein each key or slot was
arranged for providing support merely in a single direction. The hub (2) should be arranged
generally close 1o the center of the tank bottom structure (10) so as for aveiding imbalances in
the hub. Another advantage of this design lies in that the thermal expansion / retraction
franslations occur on only along maximally half the dimension of the tank bottom structure, not
along the entire length or diameter of the tank bottom structure. The tank bottom structure (10)
may be constructed in one compact material piece such as concrete, or the tank bottom
structure (10) may preferably be constructed using radial beams (3) as described below.



the bottom structure of a cryogenic tank according to
the invention. The tank is prismatic but the tank

bott om beam structure and the vertical retainers
correspond |largely to the tank bottom 10 structure
illustrated in Fig. 11 a. Fig. 12a and Fig. 12b are
perspective illustrations of the action forces acting
fromthe tank (white arrows), and the correspondi ng
reaction forces fromthe tank support system The
central hub transmits forces acting along the beans of
the tank bottom structure; the anti- rotationa

r etima pefesiet embeiinént bPhaivEtidh beamed] stend Mdrizoh@ily and radially

ok B KRB PR S  NO ELBI 3F of it
(1)- Vsttigeligisriers (IRbRas fom neapine guigpends ef the gslial beantsi(y) and support the
liner plates (1 2t of theitankavdl Qérbcnire V199 tROANRA). Sk AcikeEear3(§pRdvide
supfbrEitr Ak (AR ﬂ&‘xﬂ’%ﬁ WeEFQEistﬁl}uﬁngfL‘?%a's e :0181 %ﬁ%ﬁ#g%om the tank

arm.type peripheral” vertic uppo T
VESF?'%%%/'? aft"gg"f!aﬁceaef 1he tank ia iy p eartiallydiled coaditien apdtpre migbthg
significasy slubhlnqudtiertbnni'tma@ngoﬁon 80 tdriR )i SDMES rbiRY £HEPUENI Bhis is a
probi &4 euial e XREIRE (s nduh@TBn 8 Fbaul b s &d diFeso or
FSrRULRES NS (onfasRype G misht SHea o Iie-psad cDOBencanis AamAlhdua e
seismipevehisr and dordariddatikanitin vitelfto ploeide avank beiogicapiabla obwithetahding
seidhidalPinddel gl QuitidHRay B dlRdo E&smib SLcbRPMondHASS 1 Eﬁtgﬁ?l?/%lg).

r.adj al. be the central hub entered onto a na
andégen{e?'gﬁ'n%ﬁﬁ’%ﬁn%et ainer fixed in the franework of a

suppEes ity Bemhdirglipstdug de nglativef ascelpraliahs hegiwebrea marine, vegdel's
(30)FstrgcturhbibnK dubpti flodt @3) #hdIhd NG fnli@ Bay 8dd to thﬂllt piftf Gutg@Rind gear
Tank b SLI £.0f, an..alternativ
B 4l b A VR DA e
from e LNG\FAt90 fiet Wesipshing ped frikare Piich Aselegatians Wil afsgdfsinentioned
abopethives 2 panticulse plobiai foruhardn vessel. Withiowide ey @lrolilpifah, surge
and/g8hr2ine Bbudaf nlb8) Hefd B the ﬁmtain%dzﬁibnfthé(ﬁﬂndu&ﬂ #ahlr?suppod floor

fr rk of su t1 ng beam substructure fo

<23>ﬁf6?%’6?§§35ﬁ@ RS The R BN TECBR (S SRREF B The
Supporigd it the Mericghditertinady she genkral skipstfugture beljpwethe ok, gaely the -
strusti@Mtamss uppsttmiot @dy. TR SR Hﬂgﬁuppoh neLieda) Ay B E’cﬁﬁﬁmeﬁ by

. [ 1400 0t her . ases. e
2 ‘°i'da*ﬁt‘ﬁ§ ff*“fg@t%i’e il o B i iihhed DA GGHS R B e e ohi:
togethar wiliransyerss bulkheachamess Tag strusiyeal tapk $HPePR fipopf23)a provided
with\saisidark hub esthinen (20)./Tihe stpeteralftankasupson floor LX) shalCdstvompase a

bobin o e D Bl ok Pl b BRI o non
ayef e e SHE k. B inspetiarair pSTenpien by g i tainer 20) andthe

central hub (2) and possible retainers of other types specified below, and possible piping.
As shown in Figs. 1a and 1b, the crycgenic tank (1) may be arranged in a tank stot
compartment with a wall (24). Although a cylindrical tank is shown illustrated ifig. 1a, other
geometries should be considered as being within the scope of the invention, such as any
kind of prismatic geometry in particular being of rectangular shape as fllustrated In Fig. 1b
and 1c, and in Fig. 11¢. The choice of geometry is a design issue which although central to
the design of the ship itself is not central to the present invention, One may for instance




7 WO 2009/ 072897 PCT/ N020081000431 structures. The
tank described is designed for use under athnospheric
pressure, but pressurized tanks are al so consi dered.
The tank according to the invention is hereafter
generally called a cryogenic tank (1), but the
invention is not limted to tanks for the cryogenic
tenperature range but to |liquefied gases such as the
gases nentioned above. The tank (1) for 5 liquefied
gas is provided with a tank bottom structure (10) and
a tank wall structure (11) arranged around a

eﬁisé{é%p%l%@ﬁ%ni&ﬂ@ei % Béi\ﬂ)'mdpohimlﬁf &Qﬁ%ﬁwaﬁg{r&?&#ﬁf b[(e%rQ ) -

repayad. id repiace hn g maliy Planar ek batiomstrygture thys being furpigtied. Upon
this tank dbtomestiuiiige (10yirhdy beSrahdey aieptRd hitb @) & tosbIBIP the ThRally

arFaﬁ&U.ﬁ &Q{n& %TaééoHi@ttP aff e&%mé ofth€ El\lgrﬁlg t Vﬂe‘ s %f ttue%?rrangement.

general centr arranged tan

EiboLholeii M‘W'@"?%W‘H‘éfbﬁn@%‘eﬂei‘“bﬁ ﬁ@om\c_iﬂ E'gb Hotiesfa

and®, éneon Figs.dilady, afd2) Figlta a t ank support structural ’
floor (23), please see Figs. 1, 2, and 7. The tank

hub (20) nmay provide support forces generally
directions parallel to the plane of said tank bottom
structure (10). The tank (1) according to the
invention allows the tank to be retained through a
single point hub (2) of the tank bottom structure
(10), said hub (2) being retained by the hub retainer
15 (20) on a tank bottom supporting structure (23).
Thermal contraction novenents of a |arge ship tank
from anbi ent tenperature to cryogenic tenperature my
be of considerable size. An essential advantage of the
tank being prevented fromlateral novenent through
being laterally anchored through one central hub is
the fact that little or no thermal strain may build up
during cooling while initially filling the tank 20
with [iquefied gas, as the tank is restrained in one
point only, the remaining structures such as beans
(3) of the tank bottom structure (10) extending or
contracting in directions running through this
central hub (2). The ship is affected in six

transl ational and rotational degrees of freedom roll
pitch, and yaw for the rotational novenents, and
heave, surge and gear for the transl ational novenents,
25 please see Fig. 13.- According to the invention, the
‘hub (2) will thus provide support agai nst forces
acting in :

9a




the lateral plane on the tank, wherein said hub (2)
al one provides the necessary |lateral plane force to
the tank hub retainer (20) on the | ank supporting
structure (23). This is an inprovenent upon earlier
designs having a plurality of keys, slots and the

i ke, wherein each key or slot was 30 arranged for
provi di ng support nerely in a single direction. The
hub (2) should be arranged generally close to the
center of the tank bottom structure (10) so as for
avoi di ng inbal ances.in the hub. Another advantage of
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transfgried Bdidbthpgioge aerdrat hunka), theouglkethe ediire bottem steickird (30), as
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I ndu C ed forces
() ey '%?'5?'?%ﬂ%°%%§f°umfegefm Pf the prtiey Rlgte strystuge (1R It is assumed
thatithefaice tragsfer |fa sitankgiruédfae aecording to like ivahtionaettel dismﬂute@n '

throGyHAul tﬁe {afk Sihicife é’:f&ctﬁulﬁirrgileh@ Qh& %?Mﬁigﬁtﬁpflﬁcgr ower |
perbheralfpsiion hitybei s Lk ot iy pate 5 tabpnc ‘Q%}ag%waweg@a*ﬁ
(111)qBws pleains due phdicylarty tpeolling, @itt:ting andirésutting sloshirg hayte redlcbd
in a Sink 4EdortiR) to ihk)inveRtiih d&%&ﬁp&éa %8hd RioF&e: fromihe LNG

w, Ebdiio R o 8biort o B8 ey 2k Bol it FEb o
compyissp FHAMS HiresyRiefantbly fours more reitialibeams {3 ettachedeith théir radially
" inner @xds to §id edntraliub ¢2). The radial beams (3) shallin a preferred embodiment of
the invention support vertical girders (12) extendfng from near the outer ends of said radial
beams (3). Non-permeable liner plates (131, 111) preferably form the impermeable tank liner
of the tank bottom and tank wall structures (10, 11). The liner plates are attached to the
beam and girder (3, 12) structures. The tank wall structure (11,12) may be reinforced in the



and gear, the bottom hub (2) held by the hub retainer
(20) on the structural tank support floor (23) wll
keep the tank (1) In place. The tank bottom structure
(10) will otherw se be supported in the vertica
direction by the general substructure bel ow the tank,
namely the structural tank support floor (23). The
structural tank support floor (23) may be constituted
by a longitudinal central frame bul khead and

: ' ed Jongitudinal franmes of the ship

e Bhe et e Boh BD RS o8P S wiie it o oF PENgEd wimpon witdings of

Wirg errQiRse (Pl ara@ididibe pasent fibfd ordine ke 3ndithe tamiovidydiedprovidddtwith a

top9ath @ draumkerdide doﬁbé}ioﬁ@ﬁgf {oaﬁa bottbRirSniferehdd ‘ﬂée t‘b?gl:tnh? fank

f sha al so conprise a ot
acc?)#&g'{&gsgﬁ l'{vggdot"&gogr@mr k, the bottomliner plate for

supporting a bottominsulation |ayer bel ow the LNG
tank, the Insulation |ayer penetrated by the hub
retainer (20) and the central hub (2) and possible
retainers of other types specified bel ow, and possible
pi ping. As shown in Figs.- 1p and 1b, the cryogenic
tank (1) may be arranged In a tank slot conpartnent
with a wall (24). Although a cylindrical tank Is shown
illustrated | fig. 1 a, other geonetries should be
consi dered as being within the scope of the Invention,
such as any kind of prismatic geonetry i.n particul ar
bei ng of rectangul ar shape as Illustrated In Fig. 1 b
and 1c, and in Fig. 11 c. The choice of geonetry is a
‘desi gn I ssue which although central to the design of
the ship itself is not central to the present
invention. One may for instance 9 envisage a spherica
tank wherein a bottom portion of the tank wall '
structure has been renoved, and replaced by a nainly
pl anar tank bottom structure thus being furnished.
Upon this tank bottom structure (10) may be arranged
a central hub (2) and possibly the radially arranged

. beanms (3) according to an enbodi nent of the Invention.
Details of the arrangement of -a cryogenic tank (1)
arranged within a marine vessel are shown in Fig. 2a
and in Figs. 7a and b, and in Figs. 1lla, b, and c..
Fig 2a 9a further illustrates sone of the-details
shown In Fig 1, such as the ship's tank hub retainer
(20) on the structural tank support floor (23) of a
tank slot in the ship. Figs. 3a and 3b illustrate
further details such as bottominsulation (8), -
cylinder wall Insulation (18) and a vertical tank
axis (9).The structural tank support structure (23)-
serves a variety of purposes, however one
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of the major advantages of using this systemis that
the lank may be prefabricated on shore, and sinply
belng h0|sted and | owered into the upon ship's tank

L he hub retainer (20) In one sinpl
%g)r ;Thl S may Si gn| ficantl y ease t he ‘FCT/NOZUOS"O"O‘JI

| nst al I atl on of cryogenic tanks in ships. This is a
signi ficant advantage as nany FPSU and FSRU vessel s

I?D? PEqHEedﬁnR 53@9;2?}%5(3ﬁ%@caugggﬁgnglatio-ﬁgl [‘rﬂééloﬁg? g&t{oh (Péaatc{le'}orce

e construction o cryogeni
‘faé?ﬁfﬁ'é?%&?“ foygiuthe peftom Rigp sliiclut | y | nst ead of
sequend tentrhiub {2NisteBSentRNBotENANERE forirdtaibigthe tHR Q1) frdmeving in

tﬂ@ %ﬁtca a%al {u%gﬁoYlaAlthguqhtJﬂFh 5 gﬂﬂ'ﬁl ﬂ;& n!ng%r%oen%ﬁﬁcenﬂal hub (2) is
'O"é

%' 'e sqﬂﬁlaé '"eﬁﬁtqdas'i's BgF‘é‘ﬁtal fﬁﬂa'f"ag fuRgtiop yevid he indigect with respect
td itHeftarxuiall stnortund @ maaewaild ihvdee tramndta obgeriicalduvoes fram thé Bank wall

é?l%&lﬁlg Apﬂ‘f “‘Eﬂt@ﬁ Lndeére%i @ngllsﬁg?hor&tggﬂ.ﬁé g%tﬁ}sﬁ%otf H\%‘ bottom plate

i nt er edm structure in the structure
sycture|(fhstrated in.Fig. 1b is the fact thatthe bottom
| i nemhgdentra tank Rutsl@y addiisedrespbntingttdrk hbiaretaines (20)greferably handle

dnRrEaS R gxm_bhts. S EROLPs s utrdl! aya.wA&Brdtng%bgfmmm of

ower e econ

theipwanticny gg"SfGL st ‘@WQT"W"HP‘E@S&’B@E LSt taphya'k%ﬂma%{w t1 elative to
the shipes tasicrecias battom, (28))is sanddateat tirbughherlical et netaimers (4) arranged

Je#?e@ &E@érﬁ@u@%ﬂ'r@e&%g@%%@&p%@&t&@ )’ dtn'i%i’rc&rﬁtlarence (15) of

1B DRSO GIRUFOTS,REPTably hp GHie RSFan 36111 oAt ()t P @n botom
stractlre lptn) t1o an erhisoditdent &f teliyenticanik Jedichilia@te retainerss#srompdse a base

ﬁﬁe §E’I@ﬁf orfoﬁ%l&ﬁs'é a}t%&gﬁ tdRe LudSkuchind gZQ)mNﬁ‘I §t%¥n5rs§p;{oﬁ%ates welded

structure
%E'B’dl]? bage plates sl sandingSupnontipiatesty "tdS?ﬁ“'}Hl YME (%19 PuE?‘B’P@"Q the
16D aterdltlanges atisaifat ljnng tHAtzetarmt dnas s fsextior oft satdnadiad bednos (3jp This is

sgﬁﬁéﬁefhrﬁﬁ@tdér §‘ahﬁ‘?a‘3 dd P ef?g 14 Qﬂé REEDWiPRe Qﬁ‘ﬂstd(ﬁf ) may be welded

ut'es roughout structure an
i placaafiecthe fagk Raschspilowesa '"“b%frcf’ff%'i& P%ﬁ“1°9 o fhehhi ’ﬁ"ad“\ﬁé FZD) in the
qeparprhent. Althduga Asiebm® havie dbeveshowt iy suitable bextnd stmciureameay be used
Rliad ekl 13) and the tank wall liner plate (111). Thus
stral ns duen%artl cul arl% to rolli n oﬂgi t chi n% and |
r esultaAnAGErEMbeHimRY oftg | entiop g verticar forre fetaingrs T4) comprise Agase
flate wélded anvthatwiserattached orihasubstricture (28), with shandingtsupport plates welded

AGRE B Ia{eosa"i’d"stmgcihﬁﬁﬂ'ﬂags cBrhEﬂsinBYrﬁ'lttédo'O -b{Hpe bAMS or arcs

bottoms ructu rises at
G e s HeErories 65 o e torzhesa eeiaiseams (4 Thinfs ftted
Rigsesly, Sb,adb.al2b ynd 14bnEhe ievedsd - ssaped verticat retainehglateg @R) may also

b-m\%lcfeaf# e BRG IR thrkhat Badr iovdlefin@itS E&fsﬁ%sﬁ@&ﬂhm retainer

I nvention support vertical girders (12)
(%'?Qt"btﬁﬁlF?fﬂ’aftF‘S?h near the outer ends of said radial
beanBig€. 33 and\EinilskatetiabVestichByrdiected lifting Jor¢eb3itising i 1f)e tank wall

SHLAEE (ALY Wi e Tolls abidPs) theadMcS) bred ketdideRE#) arranged directly below
the tank wall structure (11) and guided into the supporting substructure (23) of the ship. Thus
sloshing forces and roll forces and roll accelerations, which may be severe in high sea states or
due to listing incurred from displaced load or due to an accident, such forces may be
counteracted at least up to a pre-defined static angle and for a full tank, for e.g. a heel of up to
30 degrees to the port or starboard side.
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of the tank bottom and tank wall structures (10, 11),
The finer plates are attached to the beam and girder
(3, 12) structures. The tank wall structure (11, 12)
may be reinforced in the 10 circunferential direction
by rods, bands or wires, or may be provided with hoop
wi ndings of wre or glass fibre, aramd fibre, carbon
fibre or the like, and the tank may be provided with a
top with a circunference corresponding to the bottom
circunference. The top of the tank according to the

I nvention would to A WD 2009/ 072897 PCT/ N020081000431

Notgd 1%9 Hhded oﬂ@/e Jﬁ(ﬂ? 'il%ltar'fk ac?&r91ﬁ§ 1RGSR é@?q may simplistically be

Ion-re

de‘i°F‘§‘?ﬁ’saf531’=§‘9 66%‘& @aﬁ*‘ﬂ?‘a@%hw@ the Learhaseairat huh inhetbottem plate
straghure, @ed pres¢ntdrlion Bavingsthe subsiicuit biyeve®iopating) @fens Avertical

forée%@hﬁis%ld‘n@ QolA S I&%e)r nfn s 8 c \ﬁharl}.gl fahk wél“gvérﬁéfhﬁ uﬁ%erlying

tan Xla 8{5 ction, a vertic
HGH S, afﬁaowmw 4hl]’!!5 it pravent dampegagithrtenkadue to roll,
pﬂ@u@hgmdlgeamwemad of the Bhig).incliding aetivnant Aladiidh fovges due to

colﬁs%%bgfbum&ﬂd be indirect with respect to the tank
nvol ve transfer of

tu
e TheBaficiiadegion faabty Bikirateaineton p andgh wit Almboay)
longityedigaigpetion desstoradial trermal carltrasiiveaf the beanes(3) and sy Hoderised

for prdyerfiihg ﬁﬁﬂésumtrélﬁﬁ%ﬁbtaﬁoﬂﬁlrn?géﬁ'\ﬁﬁiléf‘ fhe (a%l)mlﬁou QF Ieturt Q@l
“*'a?‘g% BB hlngt S“g%" it be "fﬁ*“%n(?@ Fincdebenl agostpions mew
arigg|bg “F ie the, éh-emtm@s ard s giie foowAves aiving #esdoyelv.iig. 4 otation of
the ahip @bloute Nertied axis.Bich RYEBAH ﬁanerﬁd’n@Jlﬁfr%rtaﬁkf( FiRiaedb the ship
ma?bé @&ﬁ\@gacre‘arﬂ%&ﬁghqn L ca‘u@p& an? rtltat%ae;l éi% errsn(%%ﬂeafe Qee

tiye
F'g%%ﬁaam d'% A9 ST Rt i AN PoFhedapeisdphes agtipgiypon a marine
vesgelapenahedn inddd We &he thupter atig fsrppar wellaa@sminbipletod lw the tank

fun&iéﬁ@i%ﬁovﬁhﬁ#@%ufz‘éa(m@%b and the ci rcum‘ erence (15) of
t he outer

th str u ur e,
e ARErofhge? Hetiar (blisRpnteunGal andnges el iing agfece
P'a’éf E17bf>¢ﬂr\9'"g paplle! Fmtharad@hmms Bnsaibsurabreplatay @ntestng dghiest
laterat sdrfaced of t@Iradialbeims (. /ahd ﬁﬁngwmbm%weas PS8 ﬁleﬁ;cau

e tle Oontd 851080 gl 136 I Ll o&;g?q'itsl’nﬁiéeﬁg%g

t andi n
therma 'f"é‘"a*'gaPH’P %thl ng support pl at es provi ded -wi t h arns

(4B sdvantageriof the iemboditnent Hiistrated ih Blgesb that the @aroiioddne
retafde&tﬁé)mgepbl-amiﬁ fhk &R h&@&} éﬁ%ﬂh&# ro%@ lafb JeBQHT%l B ?aﬂgﬁub

|
2 g plova b yaepine Pt by genhsia 1 andhg mispiaes (20)on

Ihe flectueal tank support floor (23) of the ship, the anti-rotational retainers (16) are from
preventing the tank to rotate relative to the ship. Such rotational forces may be induced by
turning the ship, by intermittently tumning the ship through yaw movements induced by sea
waves, or through sfoshing.

There is an advantage of the embodiment of the invention iliustrated in Fig. 6b: the
pasillon of anti-rotational retainers (16) as shown in Fig. 6a may be moved to beyond the
lower rim (15) of the tank bottom plate (1 3). The beam structure is internal, and thus the
bottom plate may be arranged welded-in attached to the lower portions of the horizontal
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20 in place after the tank has been lowered into its
correct position on the hub retainer (20) in the
conpartnent:. Al though H beans have been shown, any
suitabl e beam structure may be used as is evident. In
anot her enbodi mrent of the invention the vertical force
retainers (4) conprise a base plate welded or

ot herwi se attached to the substructure (23), with
standi ng support plates welded 25 onto the base

pl ate, said standi ng support plates conprising
inverted "U'-shape bridles or arcs (42) for enbracing

beting ()Uh& lepaigldnyise tadohubQh) tbifnd WhtdAR IR! bofiﬁ b@{e. bears

I Sa0s 41 | ustrat in Figs, bb, 9b, 12b
dredver Il shyalonoit bR 1 sanght B ik B AoVt sogions
adyaniages: Rinsty) thew pregirgogediat a wakicheith radiupbfaetank, thes titel provide the
médximim Babrof2e&Tal moert AdailaBé, Qnld heef Mt bE Bbsidiad i H@d aésjige gﬁ%

et e, BE iR oo il P Rposie ey ar

arising in the tank wall structure (11, 12) will be
counteracted by the vertical force retainers (4)
arranged directly below the tank wall structure (11)
and guided into the supporting substructure (23) of
the ship. Thus sloshing forces and roll forces and
roll accel erations, which nmay be severe in high sea
states or due to listing incurred from di spl aced | oad
or due to an accident, such forces may be 35
counteracted at |east up to a pre-defined static angle
and for a full tank, for e.g. a heel of up to 30
degrees to the port or starboard side. 11 So far,
based on the above, the tank according to the
invention may sinplistically be described as being
kept in place laterally through the use of a centra
hub in the bottomplate structure, and prevented from
| eavi ng the substructure or even toppling by neans of
vertical force retainers holding down the lower rim
of the cylindrical tank wall towards the underlying
tank support structure, as shown in figure 4. This
wil | prevent danmage to the tank due to roll, pitch
surge and gear novenents of the ship, including action
and reaction forces due to collision and grounding.
The particular design roughly illustrated in Figs. 9a
and 91) w'll allow beam | ongitudinal notion due to
radi al thermal contraction of the beans (3) and nmay

al so be used for preventing undesired relative

rotati onal novenment of the tank bottom structure (10)
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relative to the underlying supporting substructure
(23). Such rotational accelerations nmay arise both
due to the Shlp s turning and al so due to waves giVving

ri . arotation of the ship abo

v‘@ "E’&f’%am S. Such rotational novenents of tﬁéﬂﬁgmgsmomn
(1) relative to the ship may be counteracted through

t he applicatlon of anti-rotational retainers (16).

amag Gt Efﬁrﬁs in theqc?ons %}u% %ghhe glicpdf th%%ea:&?'ﬂg“& rgg're %r I%SS tne same

REegadial aasfén%erfamajc)) ?r;m megce&tse of fhieda ﬁﬂ@caachqlqvg*hp tnk wall (1)
@mpiég thé@gericaEbaais (1), Mote PlesdmiNg 4 AyepRuPlsrion bMIES tafkSrofational
&RA’XE‘ T'hﬂ‘s tﬁ% %za}mrﬂé%?oﬁ&gt o%&%omghﬁpﬂnéﬂ anql%tgt oan'?@t%aners l(ts) near

retaln

‘P%Eaa'iﬂ'rﬁélffs fihe aeial bemnat%gs shpwn indsig- éh m"r'agiug%\heaﬁ hepfing goment to
thé@diabdamb (3) GARRHE aangément ofSanti-Fatationd) redditess {16 arfangdd inthe minor

Falihee {gﬂ{wﬁ rQerSt re fgag‘éﬁngﬁagutaﬂ§§§19f§&§£ s&%'ﬂsﬂé%)a T Wme

aVl n
{gstarqq lig fopthe vertical reéay)erq @)W@P showg ffag- (1111)Thempy:ﬂrthstand 8
I&‘berdﬂlatﬂmalmh’rﬁen(, panicusenig dbalt fhe shipie ronjﬂ’ﬂ\ﬂﬂal akibashen lsituated at a

*Wﬁ”nﬁahgﬂ d&ifn%? EH'I 'lrféé k%gﬂﬁ'ﬂytﬂﬂﬁ: ﬁl B hﬁ‘e EHIP%' (?S?H)En for
als at t ant r ot at

qther tnk sipgort i’G?*aane‘"é@bfaf affanond Rpdrer H’éh? 'an'kcerﬂ‘ﬂb S("2'} veqticgl tank

rethiaens as OésesbedieFig il A tak @il pidvidle trerskimB tdice rhdh)erit on e @ank@$ such

a@'?é/nktrétgﬁ‘éé ?&Anﬁ@@b %gﬁ%’*&%@ bt tﬁﬂa}ﬂ\ﬁr‘ﬁr e f.‘;? Bt cfg]rpot ¥ the

t
disBAniagess seh o e AIrageg fihagpion ingiuals botmech R 87

thekbpllyxonsidersdm preventing the tank to rotate relative

tot fﬂ%eﬁé?hlpthe ﬁ‘l@n@ %Qrk 3t the Qrﬁa-rotfaﬁgnglﬁ@taﬂgr% rﬁ%ﬁ gbéﬁ&g&gﬂ a¥dial

turni ylntermttent

distAnee &\ﬁﬂ??ﬂxﬂ?ﬁé’fﬁ%ﬂ I(Ha ardthe 3Pk E‘é’&m (3 proyjde a lower
drdangad gﬁnk:bbmhplatg stridhes end tBusariargelwaloma@ethe tank bed a lowered gravity

rﬁaﬁp Oa(r’ll:i %Qﬁer gﬁtp%ikﬂnﬁaméﬁcgtrﬂo%m’ thénl%hhﬁ&t%qai Ir&au&{% aer'Bed further in

posi ti on t1onal retalners %
t%@\ﬂe epntra| pb (@aaW'%?é”?YHG%GWF’o“’BQVSFﬂf“F‘F?é' n3 G!Er‘"ﬁ"!aH‘?"
Idykbhelaaf thé tadk batiokn. IMgjeheran b aibtero(afidl refaimersi{ta) millsdtonstitie madially
o'gﬁoéité‘ ﬁlﬁ%@lsr Jﬁ\gﬁF‘H%SsJﬁbﬁn JPéEi Wi R'deéeﬁ il Y e hub (2, 20 The

| ower portions

ipveReh OF-ShapR effical esainseeatiol Hip, furthﬁugfo‘f'%%iwwgg gHihs tapk, Rottom liner
pizten{d 13)8b a$ )redder an ingrmal stottade bottont plate bindcbuoer(1P) artdahus increasing

Vet =Te\A e,,ﬁ@gsg,gghaﬁ ;ggéggogl retai ners (16) arranged

as in rovi de two additional advantage
i r stipy8 Mistrales WINSIE i 1980 0620 T YRHFS SIINRES Bfar thgguter
pedphiery df the sanik3egh tpat thel roemanham etweemuertiahbrces bdra thedankiwall and

r@%ﬂber@éﬁﬂol’c@pbﬁmg Bhfhe BERTh HALILR DA™ HBR I tRS mbnBit drmit8cting
wa the iank walls onto the tank bottom structure is undesirediy large, such as illustrated, there
might occur failures in the tank bottom structure due to shear forces, with crack formation and
possible leakage as resuit.

The above described tank according to the invention should have marine operational
advantages. Thermal transfer may be kept low due to the fact that any support blocks or
retainers are only required about the bottom piate of the tank, and no structural pars need
cross the insulation layer in [evels above the bottom plate of the tank, thus the insulation layer
around the entire wall structure (11) may be continuous. This aiso simplifies the structural
design of the cryogenic tank.
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illustrated in Fig. 6a, which provide alnost half the
anti-rotational nonent; Secondly, they are 12 A WD
2009/ 072897 PCT/ N02008/ 000431 arranged at points in
the construction near the end of the beans, having
nore or less the same mgjor radial distance (Rmj)
fromthe centre of the tank and directly bel ow t he
tank wall (11) conprising the vertical beans (12),

t hose presenting a |arge proportion of the tank's
rotational nonent. Thus the retainnent of rotationa
nmoment through anti-rotational retainers (16) near 5

t h%\&'d@gr\a{?lopl?{%ggﬁ%gte?%ﬁgeafgon% Pa%@tﬁgt oclg)or @&eﬁ%ﬁ%c&oﬁﬂrg to
thewam@n @spbawsslgsarined mpy %@@h%nvﬁamuawmﬁh therbaidinggfithe ship
proligéduvitajompbrdfignt ddceseg atlarigbd ton RacBiivig the tirke aedordiiigb tece

mvérﬁg}- '}’)ta&e@ aécgrgingltcgiﬂla %VQI(UOJI n1§¥ Bg%gted k?rﬁé‘mé réﬁég ﬂ?e central

huty GEfo @tering gRtortes 'wbﬁetﬁlger(@) mvegﬁemcs wtamegs <4nandtpossible

antifoayionsbigtaiier A E)ans) te prépargder recdivitigiin@biarmeams (3) and may be

corﬂﬁétgd Wé&lll!é/ th@?@% n(aﬁgrb‘la‘ m%Qr'lé% "ok %I%gg& {)f'fui]ésr@lj errﬂﬁ(alc tIYJ\ﬁQ
?

mum radr a ance fromthe tank
Et%@tructure centre (i.e. the tank hub (2)) than
f OrAs antditerhativa ik usngdiedicit farte rebirgrs@)y fosémhrading tbs outer portions

. ofthéd Fa%ﬁﬁ?e‘imggﬁ @é g%{ﬁn&ﬂﬁe E@J&%ré’ ﬁ%&érﬁt th%s\{ﬁr rﬁéyﬁfé tank

t d
oncopRsshEY £ GAalY PRAMSATSIAS Hing Rt By g Vel s (o
Su¢haanadraegesneat mangliow ratatiomal rblativesnaremedfof the srypgamic tarl, b
ponMetJﬂ)ﬁﬁgu%on Qéfﬁg iStrhel "-h@V@ the disadvantages of such

ar .
o RRRE Y ket b byefforS B fedByrs ) F B arapaea n

thetforar of Wedgng4m (itustipted ndtigy 4} arrangediptheneall RV LEPA &ns (16)
corfifitriehiqRS)(thk Wedgdsqati) dr beidh pl-ABE B oW of tHeeympaltridnewall (24) -
forf,@alﬁngvvﬁé butérshlis &Bﬁof‘i&gbetaﬁ.g @ *afih'e Rk bitim gimewper@w \,ﬂ%nahe

ate structure an
tank of) Gdp Plé"c‘ﬁ ﬁH& Bedgesh 3} ’&ﬁkb%??&“"’a"efi 8‘\%@#'&?13’%?’ o) FRAFe appyadt the
tankocingartioent (26), tins facilitetrgtinsatationfapd cemaovehad tite tarkdmthe ship. This

ma§ Rirther R&RE ¢ ulr&!‘%ﬁlb ﬂ:? Eﬁac@ bfcAR@ME tdrk wWall Sructue glg) ?ng Vtge

ot
PRI iF Bk BER om0 rhoYe b P b enY Wihe HEfow
interia syugtvice taok todwiowenedjataartank slot ine2 i i - r ot at i onal
r et A &tREragdeldt ihe\résentafVeRfidntis thet thé GnRE bahtralup 4l 6F small

extglﬁ 6&%@%&? t?]nl?%ext%n lh%ﬁgl?%d}tuﬁlo Upaut!%ﬁmi n‘f‘hu@"lrle tolgﬁherma!
. contrgetion REpPagdm ot dhel corteal B2y wil gp retatiyely r&sjig!bmuﬂ'aq cooling o
hedihg\tofparkOwahé Bderive chftratéinlor bgiahsion incuret forjthecdntire(tdri)

ol Airh e S S S GO
The smalipgxteg qfﬁw (R wilbgjlgw that the la hub may be retained in the single-

point retainer (20) also when heated, which will allow the ship io sail with an empty tank, an

operation which would not be possible with a cryogenic tank according to DE1781041.

The tank according to the invention thus solves some of the problems related 1o
thermal contraction, lateral retaining, longitudinal retaining, sloshing load forces, distribution
of rolling-Induced forces, and stabillity of cryogenic tanks.

Normally, an internal tower is arranged in a cryogenic tank, the tower holding vertical
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Fig. 8 illustrates why there is a need for arranging
the vertical retainers near the. outer periphery of
the tank such that ‘the noment arm between vertica
forces fromthe tank wall and retention vertica
forces acting on the bottom structure beconme short. If
the nonent armacting via the tank walls onto the
tank bottom structure is undesiredly large, such as
illustrated, there 30 m ght occur failures in the tank
bottom structure due to shear forces, with crack
formati on and possible | eakage as result. The above

pipde "If’ih%dtd?ﬁ%ngqﬁ\i@ Bﬂgﬁl& fbis folkha #ﬁ%ﬂ} %rﬂ{lh.%ﬂ@ft'hg ullaye

oper at i onal vant ages.

- ingBéplps B{yalyee, S piher e mey B NIr2agp. Garsen foxss éE’ﬁsamirgas

copdansatese insanaamibodimient of gUiveatbnatobitomhen ) bh@RTeRiner @)
the tank, and no structural parts need 35 cross the
i nsul ati on | ayer in | evels above the bottom pl ate of
the tank, thus the insulation |layer around the entire
wal | structure (11), may. be conti nuous. This al so
sinmplifies the structural design of the cryogenic
tank. 13 Additional logistic advantages arise fromthe
fact that one or nore tanks according to the’
i nvention as above described may be built
simul taneously with the building of the ship prOV|ded
wi th conpartnment recesses arranged for receiving the
tanks according to the invention. A tank (1)
according to the Invention may be |owered into the . ,
recess, the central hub (2) for entering onto the hub
retainer (20). The vertical force retainers (4) and
possible anti-rotational retainers (16) may be
prepared for receiving the radial beans (3) and nay be
conpl eted by welding the arns (41) or inverted
"U'-shaped bridles for enbracing the the radial beans
(3). As an alternative to using vertical force
retainers (4) for enbracing the outer portions of the
radi al beanms (3), the bottom plate structure (10) and
the beans (3) may be enconpassed by a radially
oriented rail (19) for being engaged by the vertica
retainers (4). Such an arrangenent nmay all ow
rotational relative novenent of the cryogenic lank, a
possi bl e configuration being illustrated in fig. 4:
According to an enbodi nent of the invention vertica
retainers (4) may be-arranged in the form of wedges
(43) (illustrated in Fig. 4) arranged in-the wall (24)
of the tank
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15

20

conpartnment (25), the wedges (43) for being pivoted in
and out of the conpartnent wall (24) for blocking the
outer ends (35) of the beanms (3) of the tank bottom

t 10) when the tank (1) is in place
3&&@3@“&%?’% may be controlled fromthe exter ng?ﬁgég%@mm
around the tank conpartnent (25), thus facilitating
installation and renoval of the tank in the ship. ThIS

se[vgs {Qh)&ér”l?e a%? @%}E\%& el%l% an%r}g l{%ouilarftaerféﬁlgﬁ %lcaffm
wwg@@@pwwswm@ tiiettank raav@mﬂﬂqswnﬂ% avai | abI e
t ankFig§ 1 4aEendof4b Akiktratd iN®BI viek BaCdninfarded Rlevition Diew of

: ; . :
UGS N Rk bR e A YRR AP s
t{'ezslrcv@fewcestrfﬁrq tankdertambracing iigdevear fanges pidadial besros @ whisk may
rersakih petionsly debErbed sriterotalldhhl rethinels (1) eedundadl astsuen. Sath

Eﬁrgngi rnﬁﬁ{s e%s.@?i? ﬁw‘&ﬁ.g?d?uré’ fms?u?& a?ng ts{aﬁl ang HBy %I?&@ Q/\Hl Lottom of

el'y neg e durtng coollng or eat |
aﬁ@ﬁﬁhe ext ensi ve contraction or expanS|on
I NCUFig.edallnstratdia stplifiddevettiad Isecubmthtwgn 3 tank Gbttbivestructure according

tSQgB%"nS&* vhﬁ’odﬁr#&t Sﬁq%ﬁ\rremﬁhg Pa{i%m?&@hotrg?en’iaﬁﬂgpe'bﬁ? dgd in

hgiwern Bnerends 9fadial prams{Akihp wtrﬁwbw@tefeétoaﬁoﬁéﬁ?i? tyPq epptral hub
retaingy (20) figl imthe frainw etk bf d%borﬁig&:@amﬁsmvhﬂa& €z8) fonhdldify the tank

(‘g Al cﬁ)a#t?_éj& Vé{ﬂ% férmlpfyhg ce%?rht hub %'8: ﬁglﬁmﬁg/%te@%endﬁ moments
atrea'nkuca% Bdhedaripottem Ejemca)fhamfﬁ@h? a'lﬂE"aél‘&:'B?'Wg ce a't'we @)

ilustvadt ih 0g) 16tbdove 0l ves sone of the problens related to

t her |158ﬁ’ln&t.t a?egtal ki 4 i é’?lsecrl gr'iﬁl WEt n‘( BmHéiqu U@lof an
i et Ao 1l B 5k

reta ut1 on
au“@ﬂ"i“!"ﬁ gm?maf tF%’F\‘P@Em ﬂl‘fbla %&"HE‘M”P( % "@Ie)}ﬂljéffﬂded in
bevekss inndi@napdfradial BeamisI(8)ctha aéntralchie [(2') ehteddd iain @edntiahhub retainer

, 1 oi
(0 ek G w1l e o bty o sBefiure 20
f?F@HWBH@‘?%ﬁQ through the use of internal punps and

val ves. Such other fluids may be Nitrogen, Carbon

di oxi de, LPG and gas condensates. |In an enbodi nent

of the Invention the bottom hub (2) and hub retainer

(20) 14 A WO 2009/ 072897 PCT/ N02008/ 000431 thensel ves
may provi de passages for an inlet and / or an outl et

for cryogenic fluid, thus providing an easy manner by
which the tank may be filled or enptied. Figs. 14a and
14b illustrate in a bottomvi ew and an enl arged

el evati on vi ew of

15



enbodi nents of the invention show ng enl arged
peri pheral vertical supports (4) arranged along 5 the
circunference of the tank for enbracing the | ower
fl anges of radial beans (3), which may render the
previously described anti-rotational retainers (16)
redundant as such. Such arrangenents will be easier to
manuf acture, inspect, and install, and may allow a
flat bottomof the tank conpartnment. Fig. 15a
illustrates a sinplified vetltAI¥al section through a
- tank bottom structure according 10 to a preferred
1. enba thnig?) ordifuefibe gas With d tafiboltbrh Rtrdctée (o etl.é,plgm o & é@)‘ w;gﬁ
s“ax&@@p?p type welded in between inner ends of radia
beans (3), the central hub entered onto a male type
ChQEﬁ?Wﬁ bhub retainer (20) fixed in the framework of a

a fqﬁm buli {2nig shie amkdotecrh lrswubtul.akfe ﬁg)l(s%@tceimgé; “Eﬁ F? 'g%}édg@, b%?.gk

i . - u
retbilea by eoffyARRLRG i eralld? hFIFA 3k M REwE fil.rat pepr (amygiig un
'e‘?'ﬁ‘-"t(#a 9eEngsRlY PEviding sybstantialyrall rqdiady dirdsted rétentionazces to sald

cerifal wbr@Yin the pramk of $ajD@NK Boomatrudiurd ({07) 15 il lustrated
in fig. 15b below. Fig. 15b illustrates a sinplified

ver ';]:,ecti_on through a tank bottom structure of an

i gal
2 al t‘tJFﬁ%ﬂ‘ﬁ (WLt ERIIL b isAd PerteN hyb@) Gorptedioi redial stikatiraizbeams (3)
furipesrarangedfonsupprtingfsail tankd vaallisiyrureeligled i - bet ween
i nner ends of radial beans (3), the central hub (2)
al hub retainer (20) of the

entered into a.cent , |
34 en@ee‘g?%/@&"f\'ﬁ?ﬁ"a B 3ol tprligkbgams, (3 heing prayRalgshTomuertgal
MoxgIPRG PY YattiFabretainesu®st ruct ure (23) 20 for hol ding the
tank (1). 15 CLAIMS 1. A tank (1) for.liquefied gas
w t-hoa tank hott Structpre (10) supporting a tank
4 o | etk 9%%‘*?%??6“@#&?35% F QO FoRprsing. aers{F 2 etencing
from pyarioptes edg of saitkragiat Rearms <9 r srist inders (12) Virartidcheoenaty miraliel to
a vértidal (aBf axdd@pt ed for being retained by a correspondi ng
hub retainer (20) on a tank support structural fl oor

(2 said hyb retainer (20) generally providing
5 su g@‘? éaﬁ'? |<§|°F '%ja'ﬁ'l 4 53id eamy é) YPptingetankpodiamiliper (13Wces
to said central hub (2) in the plane of said tank
o bomotunat seadine b lenk day SHEIAT kbt 5 8 hons o

circfiflePbnbe ] 8ol ighi obork SRLES (B =4/ bl wed Htyotoss 1 1k asonged
for bing reteingq, from filling lyirplling and / or pitching movement away from said tank
support structural floor (23) by vertical direction retainers {4) arranged on said tank support
structural floor (23). :

7. The tank (1) of claim 3, wherein said vertical retainers (4) are further arranged for
preventing rotational movement of said tank (1) about said central hub (2).

8, The tank (1) of claim 1, said cryogenic tank (1) being enveloped in a tank
compartment (25) having a layer of insulation material (8, 18) arranged between said tank
bottem structure (10) and said first compartment bottom (23), and arranged between said
tank wall structure (11) and said compariment wall (24).
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3. The lank (1) of claim2; said radial beans (3)
bei ng prevented fromvertical novenent by vertica
retainers (4), 4. The tank (1) of claim?2, said tank
wait structure (11) conprising girders (12)
extending.. fromnear outer ends of said radial beans
(3), said girders (12) directed generally parallel to
a vertical tank axis (9). 5. The tank (1) of claim4,
sald beans S supporting a tank bottomliner (131).
Thestapi ik f(%ﬂm d¢said taplrRupporssiustutabiiorr (33) heingtwithintaterk
comnmynmxuﬁmdung fromand around a circunference (15)
of said tank botton1structure (10), said tank wall
structure ar an ed for being retained from :
10; ; fifﬁ“ﬁﬁ"'bgﬁ ?f aim ﬂgﬁa ank/sugporisitauetiialilpongdchpinatangogey in a
mdrneNessal (A0)t ank support structural floor (23) by -
- vertical direction retainers (4) arranged on said tank -

11SUPRO rt ural floor (23). 7. The tank (1) of
Mela ‘é"kah Ham 8 spl tapk sHpRORstryciyralifiger (33) (being gdeck of said

mdrige véssel (3r anged for preventing rotational novement
of said tank (1) about said central hub (2). 8. The

|m1 sai.d cr enic tank (1) being
envt“e‘aﬁ’ﬁa{ e L? 108 11g iﬁ*ﬁa’&ﬁ%‘éﬁ? @9pping Fyadfp ahorizgnislly
origrited shin fiaak supporhsttueturatfioof @3).18) arranged between said
tank bottom structure (10) and said first corrpartrrent

bot d_arran said tank wa
Bt rhct ﬁ'ﬁkeé%’[f T g‘%@“’%ﬁ ‘B'ffg’é'?mﬁﬁrg?ﬁmwp’ld“@ﬁ“d {311k bgttom
Strq‘}ﬁ‘é'et(%ﬂe’{ef)"yfﬂrmbﬂalch!?TP@aqfd tank support structural
floor (23) being within a tank conpartnent (25). 10.

1aTnerARl bl Gl B boeiGhfyhiifl Supporl structural

floor (23 belng arra mari ne vessel (30).
11. The tank (1) of claim 10, said tank support.
15st rlrettenkall) dficloon 1,(Wh8jeineidgycgenierik Barraijed fortBiithiiiag LNG,

LPEQ}‘Eﬁ@Jﬂu(d?}%mgl%wtyﬂSerta@m( (1) of claim10 or 11, said

hub retai ner (20) being fixed on a horizontally
oriented ship tank support structural floor (23). 13.
16:TheTredeiik (@fof skim said tank bettanastkuctved (10)temgpravided (it 3 bottom

lindd @iafey 151} laht stid Rk walbdiubluiedty phsvide@ With & Walifiler préte (1),
generally formng a circular plane.

17.  The tank (1) of claim 1, arranged in a manng vessel for production and storage of
LNG, :

18.  The tank (1) of claim 1, arranged in @ marine vessel for storage and regasification of
LNG. ' '

19.  The tank (1) of claim 1, arranged in a ship for transportation of LNG.

20. - The tank (1) according to claim 1, wherein said tank boitom hub (20) is arranged with
one or more channels for filling or emptying the tank with cryogenic fluid.

21. A method ofinstalling a tank (1) for liquefied gases in a vessel wherein said tank (1)

comprises a tank bottom structure (10) and a tank wall structure (11) on a circumference of
said tank bottomn structure (10},

1



14. The tank of claim1, said tank (1) being
prismatic. 15. The tank (1) of claim1l1l, wherein said
cryogenic tank is arranged for containing LNG LPG or
any fluid having a | ow tenperature. 16. The tank (1)
of claim1, said tank bottom structure (10) being
provided with a bottom |iner plate (131) and said
tank wall structure (11) provided with a wal | 1iner

arranged in
wnref e sdf (5 it Mo S o Gpagu oo ket ()
adgged fphkeingdheld lyld) botbmabitarataider (20) paa tpel sippod stectural door (23).
vessel for storage and regasification of LNG. 19. The

tan of_clajm1, arranged In a shi
TS BH0 S 3eGrrRR o s 23 Jorier eo R ol S G o
!owﬂriam mmanmd&dieacﬂym shi¢ bovlomdob radaindr20)( 20) i s arranged
with one or nore channels for filling or enptying the
tank with cryogenic fluid. 21. A nethod of installing
a tank (1) for liquefied gases in a vessel wherein
said tank (1) conprises a tank bottom structure (10)
and a tank wall structure (11) on a circunference of
said tank bottom structure (10), wherein said bottom
structure (10) is provided with a generally centrat
tank bottom hub (2) adapted for being held by a
bottom hub retai ner (20) on a tank support structura
floor (23). 22. The nethod according to claim 21,
further conprising hoisting said tank (1) and
| owering said tank (1) directly onto said bottom hub
retai ner (20). 18
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