Cellular tanks for storage of fluid at |ow
tenperatures The present invention relates to a tank
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tenperatures, a sandw ch structute for use in a tank
and a nmethod for produci ng a tank. There is a need for

st of uefj ed Na cryogenic
eﬂ%@ﬁ&fﬁg‘éﬁ&fﬁ APeGP %&’c‘,’v E) Br‘?sn al | areas
of the LNG val ue chai n: a) Fi xed and floating offshore

production facilities (liquefaction facility) b)
OnFhepeespnoahvehtianrelads s¢ o tagefol atirlig ¢f£8uid) preferably fluids at low
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reldfdsification facilities e) Onshore inport termnals
and re-gasification facjlities Ofshore production
f aéhetetip @egd doy siprree of, érl%@faﬁdsNawéalr%sf@é\éﬁ 1 Ringyyngepic

ar emsparuidend Nearcinabsplanid messeraln fil afeas bf tlDUNG value chain:
concepts are currently being investigated. For

fl gat i nPixudashdcl d£hgf Fedhokd pRIudNA6h FARBAés (RfuBTARALS facility)
the tanks will experience different degrees of filling

ragpges ‘A@ngﬁbx‘é%o&@d%fo%sﬁﬂtst@ragé?ﬂﬁﬂbé o sone tank
systens. Due to the wave i1 nduced notions of the

st ryctu ion of the fluid wll
deEeI op“?dny e a p t| aﬁ?ﬁnog F{ﬁ;sd t ank g| VI ng hi gh
mc . .
H_Pg Fied a?j Oaéla | fgs%gf’ 2 Srﬁ)orrt FGh LGy & g%’ Pleare—gamﬁcatlon

rtan ng may repr
dlitigsal problemto nost of the existing tank
concepts. For offshore production facilities, the
shepe oOnsheretiomlrt termimabyr analte- - gesifidagiondawiditicer nal | y
woul d be located inside the structure with the
pr OfEskerengrodyctiqnacilitiescatlachport teheiméckreabpresertting new areas in

t aﬂJéSLNardh%ﬁPEﬁd? sé@%%ife@ts%@fc%%éﬁs %?e &J}?éhtgz' B’effné Dfestigated.

Lisati,on ne ava

¢ ahisonins Mg G iR lsrEdpA fitapigvill experience
of ddTewerd degoehsefifdhing aaties MﬁmmS represdmd larproblenot smuk tank

Lgn s@érh@tmwtooﬁhetwbaetlﬁ%dég&?@baﬂ B2t 8 cfuff kSa 1268 dynamic
C 0B oS AT i B0 4TRSS sl ok G0 pigh dynamic

copressures poithe amks stmdtusg. Thisimpedugedtaso salledslplling may represent
Pr £kabetueatpRebleanto Mast JFithO eXistih € g e85 ed prior to

the installation. The construction of a nenbrane tank
SYBbEHBsHote %c‘tl‘éﬁtfgghﬁeg tH@@l’ija QG f8e %}ﬂcels% bASnt as the tanks

constr tio |te| |n|she cture lVIn .a
coRmalt Wsﬂldﬁf chPLiGSaS i SRR SR B e ment
watosatedromethe idgok pbeve e taiisp Erismatic ks aramkefsysql esithey give the
ar ped %ﬁh@@tﬁdrﬂ@f fhide omahk %{raﬂatHl‘@ fd\ﬂ%ﬁé tSReAnGler Taé’ﬂ’é@t which is

syst e g ﬁ][e S‘ﬁ‘ﬁgf aﬁ%dt g on %?ﬁ? 5 qgfhgabri%ap ion cyinﬂlstallatlon of

seth‘e tgnif;qg @’mﬁahgczgp@gtqré{ﬁw gh,garbb@ @raggpqrt-qd to the construction site in

(| 5 @@t BBoWdfuniBRer lDEpidted DR fell@edveralll tlnstruction time and by
J aﬁ@pgdu; ASHGIA 19 ROBRHBLEA PR EIR IO e PRHLEL RS ior o the
installation. The construction of a membrane tank systems is complicated and need
to be done on the construction site inside a finished structure giving a construction
time of typically 12 months, or more.

For waterborne transport on ships, two main tank systems are dominating the
market; the Moss spherical tank system and the membrane tank systems developed
by GTT (Gaz Transport et Technigaz, France). The self-supporting SPB tank
developed by IHI (Ishikawajima-Harima Heavy Industries Co., Ltd., Japan) is yet



range 138 000 - 145 000 nB8 while the market dermands
now ships in the range 200 000 - 250 000 nB. These

W@ hiop/osi7zes may represent a design chall enge fPCT/ND2005/000232

10

15

20

25

30

35

exi sting tank systens. Long consfruction time is one

of the main problens for the existing tank systens.

Typically copstructi time for a1 0. n8 ship )

!¢ el o SP ROHEIRE. e SRR e LT ShIR oL G clgday are in the
t egtnggl B 0¢he 1dar00sys while the ntanketdiomiands noy ships in the range
botigoam@ck25M006 W C TabdLO8S si8E nidyeehRRENtSY §dsE88P challenge for the

[ ntrgﬂﬁuce[d I n_connection th.gl nned off%hlgre loadlb?eqn for th

an X TSR YT TP SRS uE USRET R op ! famipetn probleins for the
parexisginigytanl pystenys.ahwpiealboeinstredtioly Aiare o 9l 16$HIMym’ LNG ship is

Pr eseuHdEz0 mﬁhﬂllsl\&ﬁgo&p\bﬁh itl@fi\goﬂ%%tigg RRe I@é_stﬁf@%lf the tank systems as
b B SN GRS SR8 e AR LT et i

i nFepeerdion with pkangied 19 Tishprer lopdingsad smdieading ghviing p negth¢o design the

| nsaiiatop PattialIgdiiMakland plsesdiated doammaPNbieas beeski@s.
outer surface of the tank wall. For ships and of fshore

f ??F}i_ei Mb%sﬁfﬂ%ﬁc?]gﬁtﬁlr& !cglti'éee s iﬁﬁﬁﬁgﬁiey?%eﬂ ‘é'(t)lfihig"l_@?g QW972 using

utilising q Strj. V. i.t is ui :

ot ol o ATl AR e g i Bk i

of fPeHtH seeendary bawier. Theingalasionpsreetmalty plastierfrdsn apelied to the

gar&&té&‘)éﬁi'f@% oMEfe tahiafstagid Fop sﬁqgtﬁ an@obdsha® facieick lﬂl{ié ﬁﬂif'erical tank
ev i gaZ:: - \ ms._consj st.s..of .

o R SRE e G U PR b Y OGN TR RIS, B e Ghiced or

an hianig the pepsibidife to bavere flat decks on pEshqspewibiieboxes or

plastic foam an Invar steel or Triplex secondary

barlheatevalogniant af e membranedanky sysigms wab startadliatli9%@.and has been

tTh @ﬁﬁh%j @V?&%e?%b@@eo{ﬁﬁ@&?ﬂ@&aﬂh@ sgggﬁu%heﬁtsi o @%hqix? Etainless steel
0 n e e .Lner .contraciion an ansi on e

o Ayt Sigst oLtk Sy DL BEE]e R R0 T RIE e pleSa bowes or
anplaserfoga povapstasl pedpplax segoedmy batréariapd, findlly a secondary

Sy $4@iolf $nsull@idie TheGrahlegasiedl mMeinBraek ate &frrugate(} in order to handle
sp . SU ,

o0k A SORATR b RO S BERATAL AN B over s
cofReRRieng ﬁ@e@nwe@granatcpﬁfﬁgaﬁlw-sWrtéggsn?@hebmnsawp%% the system -
ands sith@sonydidasdd with adoeof pesiadishi ﬂfgm@_bheﬂbi dnd a substantial amount
as . . | . . . .
Sof AL RN PR M Ml riions

! q S .
t o SHEVCISERYER P TSRS DY A iEons clvg dp S#%hlrwa%l Wathy agsociated
fi Ipoedbleamkeking dae ko fatigakj give fagrotédtid diglarikls for leakages. Liquid

| WBlRgRo s iR AERYEG, M@%"E?ﬁf@s@ 78 ks s o

hi GHERRERE Bee AP e RIS TIHIS SV eem kO heAnd 0% dre allowed in
palseagpdnhgconditicw&osénﬁ@_gc;namu}c gimyeqahﬂgh dyamrBge ptessures on the
COLLCROPLART AN pHLRIAh 0Bnidh B8 Wllbh 18Ok AR damage to the
notiene e Il ERs rsplilioR ANCBIE FORGETRHY L ingpeetion of the

i ndegaddsnbarpier sneatipossidlek wi.th a partial secondary

barrier designed as a traditional orthogonally
st iThe&Ritapkatesclopdd by dhi# is s irstepeddent pyistatic carkswiths partial

‘ ' " . PYLI
of sBdRldas, BifieRdsdibhdesN Q&a&ﬂﬁhmﬁmnﬁlg @%g]‘%&ﬁ% %%e and frame

Zts Isgf%glgl?ﬁﬁga%t?lgﬁ%np&sr d rléﬁé%%lcri Iansgi?{e%inagnsystem consisting of

stiffeners, frames, girders, stringers and bulkheads as in a traditionally designed
ship structure. Due to these structural elements, sloshing is not considered to be a
problem. Fatigue may have been considered to be a problem for this tank system
due to the significant amount of details and local stress concentrations. Insulation is
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system due to the significant amgunt of details and
| ocal stress concentrations. Insulation isattached to
the outer surface of the tank and the tank rests on a

sy dttaphesk tojhe quiersrEae efifisdrtis and/als; tankyrestenp gy sieropf wooden

hadlacvalppperd. a box-1i ke pol ygonal tank for storing of

LNG on land or on ground based structures, described

I N Nagbie Wil @pPlorsiadd Bay $evROPISH R BRS polyEbaalt tak foiSstoring of LNG
COTRL 8§ U B, (PPl HRER Rlruchibdls GeQEAREn phlcl} Hofif AT

having a cover on the fane T0or _contai AR stored .

|| a)u@fruwmwﬂ héhe gk is TREPFISEE PHAN }ntﬁmg§flt§é§¥élced» rigid frame
f L&ﬂl@n@l 4 cowertonahe fitagde for cohtaidiag tlenkoted lguid evitliguleeitank. The
t hr i 1 C- .

o1 SRR gl 03 Gl bR cich ?Eﬁjgﬁéﬁfﬁgj@s%n%‘%@ |
exchroRenap tosusien by dapays toagds crysedypy thie Gehife Plstqisd liquid
pr eflabh icdiew tha shext tek citati@nchuasd byiskwchioactsvitye  ThEHenk is

t ankeSbFbsbaLL saRnd REREMMEd ARtk ! PhaPficStiu8RSe has a number of
co cenfratl ?_ns whi Cht IS a cgnc?ll.derat |@n \;[vl th .rtes%ecttt fati
t o detals R Stieps conesptraan LW RIS GrPnpigeTRteR, vith feppect to fatigue

reddgasi fication facilities, the market is dom nated by
cylindrical tanks constructed as single containnent,
f ulHor onstia@ierin®poit termidalstdnd résgasdindasionfecititiestke makket is dominated

si RG! &1HARLA ﬁﬁf@%%r{g%létegm‘iﬁ%@%o%iﬂ RAR' fli At ARFheAP or double

out ér “cont al ner nner tank is. made of cryogeni

natcgp}aéqlrpelystaglﬁ. yA ozl contapmentiankicomprisss, pp Jorer fank and an outer
cylconthineralThevarirer warkhis fnhaate dfoiryoganiPmetaial pewelly 9% Ni steel, and is

CoRGLALRy anJ1iahH BN A Mi@st &l RtoRe qj}eléﬁlggs é:{dlcbg?nﬁg@e and aluminium

[ ks.” Th t d f
carBOAC RSB U G BRIy ARt QNS CORaTe Ry made of
t hearhosudteglivorich nny kasghe fiehadfivasofAGeniong the avsudrgion in place and does

si gk bt&ad¢ siBhFQGE pRAedtidntiA’hE¥PSt Bfa RillA) dfthe ifer tank.
the inner tank. The majority of LNG storage tanks

S RN LT OB P o) g
© aRBble Qo Bt TeR AR An ChES SRS ar DAL A 8 designed to
| nentaimtie fubll aacetoff tize fmict tand iofcashef 4 faibire bétike infer tank. For
o b oy kg kb o

S S stres : :
erEroielr GRS VA GRieRat] el R BTl v insulation
i nsedtetialon theseading. Traditivealp huilhgnshpraiiNG tanks laye expensive, have a
buichhstPnstHR @nb VBabRtKSyer @n@ 1A %6 BE bullB¥E tike location requiring
conshrtgctt | gn t I-Hg %f C?&out 1 year and have to be built
on PR 6%1 P?aér’i &Yt ﬁ'g substanti al | ocal

infrastructure. Purpose 30 The main purpose of the

pr és¥ROS¢ nvention is to provide a new type of highly
efficient, self-carrying |ow tenperature tank which .
mayt edpainpuRessrddhe preseniiny enten 8 tepapwds ddierniyes afdighly
f ulelficienglsalft carryinpalow temjengtuteatakk ivehich npryi v pl leexahedral or

extp%féﬂel@ﬂceshage AW will BN ShRP ScAkbIS! A8t M lEaRRiOGh HasaHle

on maln%/a epetitive . ) . . -
extendable to ang dimensions or size while being based on mainly a repetitive
structural principle. It is also an aim that the tank concept can withstand a large
member of cycles of pressure and temperature variations during its lifetime.

A further purpose is to achieve a tank with a high volume efficiency; that is, for the
tank volume to be able to fill out as much as possible of surrounding spaces that
typically are segmented in hexahedral, rectangular or prismatic volumes (e.g. cargo
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structural principle. It is also an aimthat the tank
concept can wthstand a | arge 35 nenber of cycl es of

w@e@ssur7el and tenperature variations during i tBCT/NO2005/000232

lifetime. A further purpose is t49 achieve a tank with

a high volune efficiency; that is, for the tank vol une

to he able to fill out as much as possi bl e of

s URPlgE PGS spoRsismeRaIPar P AORYnE PRt Remsesreateiited spaces at land-
helxaslaé gialts, etegt angul ar or prismatic vol unes (e.g.

cargohol ds in ships, contai nment spaces on floating

pl Ahfaddithonab egiEetand pﬁﬁﬁfs%ﬁs% tAREDASHM FRAL Shich solves the

o ghlertDEPEERARIR PObEE eﬂgsro“%w%oboaé%ﬁsmﬂoatmg

f | igsial §T1@§fh| ng for tanks t hat are onboard ships or

floating installations. A further aimis to provide a

t harfretheyaimisub previds el themuel lyyinsylatcndel £ bart yina arthethat can be
prlﬁ%ﬁdwic@ﬁideiﬂ paktsRRNA fot@l ardthaPta] bendnighted R ﬂaﬁltmned into final

”1%@ rg&gﬂglﬁ ositioned into final |ocation and
p03| |on THEY aimis to provi de a Iowtenrperature

hat. has, enha er ati gnal p biliti
t eX B b OV FR e g Ue PRI St ol ap sbaced ogeptionsl
ea@@abﬂltwﬁ sp éerttisof., llrmrdi‘(ndt fatiguapafosnarreddesgofifaandedse of
syiatgeptionat is economcally and technically
conmpetitive with current tank systens for simlar use.

A AUtder a1HPsz8§1%v91foPtangn19 '§§§t§15tth ¥ %@ghtgrﬂiod.raﬁgtagg It?chnically

provi de -conta ? 1a n
st‘i‘l?&l?%}t’é’et‘ﬂ’é]? CE’&FPtGéITIE) P %stlg’d af #5%ne |.ocat i on
and transported and placed in_another |ocation, e.g.
orb durthersimrpese of f@atcmsn& BveRtien i terpravides - q=qamaned system of a
Thank ank ceHstrexctuee shay ehly bberefgbiipgted id ofie ldcatlon and transported and

hadd ﬁ%ot@fﬁ@&ﬁﬁ)n' Q Uﬂﬂ)(%}d h éehﬂgat?ﬂ% rf@[ngﬁtes on land.

stem nDnltorlng SyS ens etc. era

| on re

M@W@ng SYpkeTBy MEBHROTARG FYSHeME ¢t em f or st or age of
fluids at very |ow tenperatures. The external tank
cdepnérsil pgrei de wal l's, floor and roof, at |east sone
of these elenents conprise a plate structure which
s€fhass airthe apuaghdsedofittbdhiengveltéorsays definedah the stbntingribims.
provi de |l eak tightness for the tank. In an enbodi nent
t hthoinabﬁmﬁ ragatdsr epi@yattd SOh@mhetal task ¢@f ntdtment system for

PRI, BP0t e g S e wars,
céiézﬂ apdgogl.|ahycaskepmag pfitess élelwtwraprwee%\g die structure which
corprdssbes paraadibeing thBy sisactdyil ehennere anil gubvide bedkhtiightness for the

apphit Gatd oé}n%lﬁﬁﬁﬁ{ & léﬁe shifiefkre gﬂg %9&’ & @e? ?)?6’\1185 required

cophnect.ed to. eac
Sheend dnswerion %P@fag) the '&I’@H’éa §a@8ﬁ%@n T 5 rEhoplate structure
sUuphite) campivdes la leparpd silctyrd, wehitlypeleastwidniprises arsandwich. By

| A a' ﬁf ﬁnﬁ c%ﬁ %&Fe\ﬁg%eigl ﬁye%qu;%%d’] ¥ ls F%lon fgpr%%%%%nc&ucgpg filling
h

. bebneRibh bk Qﬁ%ld’\ﬁﬁ'h?s %muﬁ&& uh@¥%8fandBY 18t &S BErs bonded or

corr]lnectn}iII ct) eetlclfl Sther b)tf Q rcgllrjegar%o tral%ferrmg loads between the layers. One

special embodiment of such a sandwich comprising two layers with a core between,
is one where an outer layer may be formed with a multitude of throughgoing
recesses, which recesses further are covered by a membrane material.

The external plate structure in the walls are anchored by way of a self-equilibrating,
normally thin, internal cell structure wall system that effectively anchor the external
walls against the static and dynamic loads to which they are exposed.
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normal 'y thin, internal cell strgcture wall system
t hat effectlvely anchor the external walls against the

static and Ioas h they are exposed.In

a phef Iéf.e?eé En%ffl enléwrgg éﬁaéa SpP&iuEe epmpiifesige sandwich

C orghiiceas, whfe;hsamqmsekl atleasictinor @irfachishbets offprataes odfier material

| easin tsi@ﬁ’ila?ifrt)ﬁ&%é hadl s c&fe EeAh ﬁ’lrbé?%@&{ Tf?e[ &rk 3F the sandwich

wth simlar ertles wth a core mat e
L EERS 2 eRat R B B FiAL LA AU OT SRIBENG OE SHiyRbbthaped webs,
matfermalg mllsamln p iteatien ooiplyipsiraltel ofitldibief shieetstin dhyxed the two

vve t&ﬁee’c“s O’I‘ms Ntesd] lsBrudiul & nﬁycﬂlide% h ‘I&Bné@&!oﬁm’op@ﬂh@f siglilar structure

heet bet we
neeriam BTkt Den e i R RERan At OF Spgieh, transfer
si fpaderbaiweene the vdodtetsen the samivaeh sAdditienakinauletiensry be

Ib S grbvilded e tKéOchftsﬁE ahb %r w&a\bfcms Ea[rﬂﬁﬁf:l@ gtrh&afés Havmg this

et e e

: nsu c? I1c£1)1n %rrlrlacif/ﬁ)rg ?1} év %ncf’ A <e:oroeu 1'11081 € a%sa; %yes the benefit of the
i nsﬁogélbdftnth ihgve arg@wdéwcgw AT ARgBNeTAY bty ean; the two sheets in the
sandufiwichstructure with two sheets and a core

.structure also gives the benefit of the possibility to

ha%&aﬁ@%é}lﬂiaﬁ@dlﬁﬁreﬁ bﬁ@xﬁﬁff@ Bl hB Rt VEE thd BPidalBeometry is a

e S e P R S Va%ﬂ?gwﬁﬁes and the

he>b@ht@m ﬂpomr pligtexariejexposestiaseaticrans @uamm aluig prssures and are
waldesigked $6 ethRtaatiescRlshdsha et sivet bPPratOm Ml %bﬁdvﬁfcﬁ structure

ex@?&%‘&gé ﬁi Sﬁe%%%s%{ gncﬂxg %{ntﬂg%% 1ﬁ“ %agrf %(?c’ Hi, e(:S’or %hlcfl may be a
pl asfl@cmaie OR e AR télht weinly serve the Bwingse of H‘énﬁé@%%}e?f forces.
bertiengre bf egddndiviich slagiprovide @ ﬁah@oﬁlﬁé énsuldticthoMihy t&ek, this may

a gbf chsti%ﬁfcg b%rdu% tgl?ltd@irngazi 1#&1&?1{& Whnvéfy f[;(ﬁ\'i'\fﬁellrﬁ? c]pmt‘hhctlwty forming

gg:%l asha payt ngrtb?/ e MAtSHAL owntcﬁlger Sufficaentstrepgthand stiffness of

t anke exferml phate hoay dlpsbapoe/idal by evayofleawtarng fieners.
material with very |low thermal conductivity form ng at

| eate ext@ant wells bhecfEati®eRBdRhbald Qrvesti¢al ¢htdfs@ction lines with the
SUf {n!e‘t:ﬁa? Q:tellss.ttljhggr% tlza?lrs] %83 Ejﬁlgsft @?sseﬁngf;ly Eﬁ?si%%‘ hf Qghs in %late action to

Thé @%S@pnaﬁs v&elmﬂ@ﬂé(rtbe épﬁ@ml%f@ pay ﬁ@lﬁarlé@aé@yered structure
verptrdai@&ibly atsandwivhi structuragbaistdxpbierl fonflwidpatssasd s well as own

S“ GEHE T bl Bn? Qtér}a&ftgoﬁe%samaﬁaﬂtya&s%ag & lwfs fo spitebly

bot 9%%?%&@%% MEGADHr PE@SéanICS%S’ég P@frrtae thémtemal cell structure
pr etal a;ksltgmaThmctwppdsrt sddanstwhieh prévate ifer & xqlasedthieomal motion in

fl lf?]ﬁtl@ﬁ%@ i1 ﬁ)uﬁaiaﬁ{\@ﬂ 3 rlﬁsoe‘)m&i@ﬁcg%er ThE iRQHia9 %ﬁl Eture walls

oqr essentia ansfe @?a to.sult X
I o@ﬁ? Bd howesshg i OW?@ AnCH8 IRean bfPF%OIb%‘ﬂ%OS © pressure
of lodds trantséemad froml the skteuealuvalswdh thesgest efitankisdseated on land the

S U{if?%%ﬁal ré%fri %ﬁmcﬁﬁi‘é %119‘}19&51' E@vér?rthﬁ‘l ﬁlﬁie@tdhﬂﬁ%nél&%d@cordmg to the
o

o of Shilly Haset fema bl o mp dediffialtodandle, a
pr ivreat o qnwpvmstbw wall whidibe explripddalateri In ¢ases ebtands on moving

dl rf@@ﬁde@iﬂmdﬁ@ 1ﬁt@rﬂah BelPE@a&UFEWhRAdSI] hlsdnsferns ed d%El%Hbd for
% exter \ﬁ/,a ﬁl fl1 n,the 8ase of tanks | ocated on
ynam, ads om the fluid stote

In case of sandwich construction the core material in the external plate parts of the
tank serves the dual function of partly thermal insulation and structural stiffness; it
must have strength and thickness sufficiently large to serve these purposes. In one



internal cell structure walls may be very thin plates
di mensi oned according to the principle of "fully

W@ eessEd desi gn". Very thin plates may be di f PCTNDR00S©00232
handl e, a way of inproving thisewall will be explained
|ater. In cases of tanks on noving foundation the
internal cell structure walls wll also have to

desipdagentgposhafdhe tharmabnsplasionupey be ppdonnest by tfq gpre of the

casedwichsamdwireh construction the core material in the

external plate parts of the tank serves the dual

f Un Ghk @mbRlimadkt wierb RS B8de ik mmeaﬂomrbfam@bxﬁinﬁluﬁé Haddrial layer

o faFlﬁ)gs? éfﬁeﬁ otf P{n’ﬂgrtlalp ?ﬁ/agf fet %p;{fﬂeg 9%1% pogle %l§ (%}Sgias they have suitable
5 omeepssties weiermpes stiffpessy étr?@hn*ﬁﬁﬁnﬂmtl?%ﬁtihﬁ@d Hermal

pekp @Iisir@d(dmyltffab&o@)ow&fﬁﬁehh Typevaliyd th& niult érikt] trbixemay Bonsist of fine

0 %E%ll Se gﬂJ a\ﬁﬁq?xegie; g?an%?efrecoﬁ% o'nreln{s hs‘ﬁbﬁa%; %Eado fn aamratnx material.

f‘a%ﬂﬁlnr %‘%}nf’%‘?en%@aéfé’reé’ agQup éﬁf{&s SP’H@W Fagjus inorganic or
s u)trgzﬁbb engperigierTheelarger doatpohents asé tyficubsporstis grighdithat provide

10 thee AaAndua by %nﬁ/ 10%?‘%@?@ %é?@%éhésolﬂa be expanded glass, it

(cont tlon coe
nﬁ’@ayc ei‘P‘H’éf ércg"ﬂh Otd BYI ﬁtoﬁ’eéﬁﬁpffsaq ’matenals or
g roagamama(tmqﬂsmmh zs plabmesr §eohei axamphest ofi conmaeeidl alggregate

-or::lll@zi}:glt'lflg Sgé AEMitE gﬂilﬁgé}g p&%poﬁmued%e eted eAnoﬂlﬁeéﬁé’t_EFsﬁeztoqﬁ gt SNGght

ot B RSHeCair Py HP RS e R Disyiehelore binding,
15  stlibertgoderandnitniguhateriehmay beorneweisghtral Sliipicd imatygamederials such

m c@ﬁleﬁﬁ(ﬁ@s'ﬂéj%ﬁlcgﬂ §§ymér§ d%yhﬂ?%ﬁﬂem@?ﬂla@mw%ive well in the

e S Q |

orcaé’ﬁflﬁ%?%”?é?%a %%eﬁu SPTepShis IR MR BraeraE the paste in

c onderteaghicag gpew mfonaltt@s ish¢ls andesimedrvisqosity) shaindege reduction or

Livapahe cé;ﬁﬁ@l; ri hﬁspe@ﬂ 0@|hfaﬁfelﬁﬁig, ¥etigue %drﬁfﬁna\ﬂ@b et Metallic,

20 aqgor%?ﬁ S0 org aijQtﬁr ?olr'lrgll g ?Pdrd.?g i %& f aéh%\p lll%ﬁer strength

mat € er or
nmeEiGurlyiy tepsiogne or several of typl caI bi nder
materials such as cenent paste, silica, polyners, or
arhegtohe layramayiaglsatdhalso heprevided b awediuctirn formeed by webs between

CYR& B smrﬂwets fo%ﬁﬁ’ﬁg aiff&Bﬁrgh@péd BEANPRRRES tHBiéhe@{sS @hich cells

d
p?‘gf) gﬁ?ril%gu%élbag ﬁhpegi?ia% grllam afrgla?arél(l:% Wl?@th %1%etssp%ﬁere may be webs
25 r aigogebmagly werasain eddationio theusgﬁ@ts,s@e%cﬁnoﬁngﬂm@@@mh@g 90 degrees

f ab r@URoP &S fHershess cotfoemif®inald like alHdaegeume s@icture.
organic fibres may al so be added to the m x to achi eve

h ITHRES arSldeBat ﬁ}et}{&fstfbﬁaﬁ kgl tﬁe Ts&ﬂkﬁiri‘éﬁ strlBfir€ % fhe external
12

ct ur .
¢ Stk Shhe Tant Risrfindilo e PO SF SnB¥ sy bl GG ¥ pterial may in

d ith¢ &ranef & herpadiove matetidtaiidben be piaced e@tﬂsnd e direa]y between

30 h@ﬁe@es kienehdkeduddhe firiRedrk @0r MRl daktin@afeaddre) Amfeltﬂautzéu@ the core

a‘i%ns 1;1r?§g If P}aﬁ?ﬁﬁgg?fmﬁgéatg& %1? pd?eds on%lgél%/%t%%{ ?1% a%ogtgd or glued to

of ~at® B angl e o
dé@@ sheety and to| egch @ﬁhﬁtroThﬁ goxgHBRY §onse>$t of shifferegt hayiees of glued plate

f lnkﬁeﬂalhﬁftﬁ;)gmnﬁ tl&bkm%& urlﬁe mhbeeiag n&fyealsce*/ﬁxryaﬂromairieqzldﬁt of the
i gt he sandwich structure in the externa
%ﬁ?tg{c,&)o %Ot@getank according to the preferred

35 erfg%jel g‘&ler VCI-IS-PO% ShE san&wwhal[rurc?u)fe it may be extruded as a whole
structure with both sheets and core in one, or the core element may be extruded and
welded to the sheets of the sandwich structure. The core element may also be
formed by several separate elements welded together to form the core element.



the formof a continuous material either be placed in
fluid formdirectly between sheets that nmake out the
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core material may in part be prefabricated as pl ates
or blocks that are grouted or glued to the sheets and
to_each_other, The core nay consist of dlfferent

| ayBRBOGIET Heigiad ¢ the @uﬁﬁfﬂemvsmlwme méerial;apR figgnsions
Th @rmmdrdylsaiverthy patRee wihgcéssary soruetipal dtreafgtli, edphatéditional,

to n'é@@ss ﬁErme{IQn% @tl&ji oVﬁfeﬂ'b?hm‘%E" éé? o AR 1ns¥11at1on layer

str u I structure

boGhiiHugHEe ghE: o%aagwwho r?éIuCBJrra]t prat. Brﬂéwéaaé%m 0%9% e sandwich
be cexbe mkslet cfredrelwtivebbdhigh stteagthmetesiabfudhhes sanidyatity concrete or a
ST GHGEMEES - InTH@e;@c{?ﬁﬁﬂeQJf%r@ﬁttlnﬁBﬁ(s @Alﬁothké%of'@ﬁﬁ?é} erl’)fnay for instance be

severhal enen

separaf e e
cofa MHILFERER  Congatifiap 1 eEpiesiye SHRRe B pt s 0MIa And Weight 2400 ke
i nwenmi’ ofihe héditional insuletipmbn dhelowisideris itlpmsnqsraxpasdd tp forces of

S e(sig(?nﬁéh%c@ Udrﬁlo&@l Y inBRFERSH 1Y1s§1taf1b|ﬁ ‘hlké %cl@tmfo%[‘ g} Elass wool. In this
an

o o ads B R o R SRR A sk pajform

at terpperatyre comesponding todha denperatuse plidteuinggrnplaiiwid. This sandwich

t hipartedske tvad v¢1®1faﬁ:c©fd1h§1§' AR Ehexpand BE a FRBer Bhiférm way. The

r elu?slu'l%\{%nylapé% Sl gl vxqﬁtht%ﬁ{ f'flle rﬁé’iﬁ%aat fgt?lo g.ergpera{urg gradient,

cohtlr Wilbhavere arobt Wé Vtsléh écm@pd%nng% th@qmal dsfermasiopeof the
a ‘Smdynickonahgimidecdncs ftie albdde, aongirassikalanseriengt h
of 80MPa and wei ght 2400 - kg per nB. The additi onal

| nghkahh@RkENot ﬂh@ s@ﬂ&@icﬂqw&e& B&ﬁcﬂ&@é oﬁm%s@&napplates of the tank is

E}fﬂe %IP}I m?iiig nf a me%{'l t V\%to aps S gggggst XIPaﬁ Wenrﬁssre%gtggce to the
t hélwgawb@m ﬁhwﬁl @mtqm@tpé fluigesteriedrin the tankbk may also be
un @exin sdety hon-tet {106 M dtenple vAtHISithi ke !'r@&ﬁﬁé@l Bch%Q:aEé"@f a tank for

t emﬁﬁ %M%ﬁnﬁé tttlbeemaPérgar 'ﬁ?;J[y ‘tté g%de-llggf Eteélé‘%%* %tem@% st[amless steels

ke B0fnt (4 il fing | CFRRE2 | Gt TaIBYF DRSPS B AR umintum alloys or
oulmrad atesl,|dr coamlositéemanialsopss isedf Theutee BPRI i@ttyiieally not exposed

g@ﬂﬁ@ameQﬁg wﬂehnglaﬁllﬁl %ﬁ%ﬂbén%@gw eﬁt Qgﬁ}%m%ﬁng,gand it may be

ormat1 on

S RAGe0F Ksingtangg SIRISR D Gter faeBh o SRR siecl. Fgg the tnner as well
i nagtheskiter skiin amehfssathdt/\ﬁhxehndttagw]rmdstsher smdtabitecfopfjoinhes, such as

eXW%[(ﬂﬁ% Rlaat8e sﬁfﬁ&@ﬁt1§ 84 bén(h}i érbiﬁr%g@e%foré be it a structure

net al as su flLclLenf stren
re8t §t°8‘ff’c@a 512} flto thebinder of go %@W@%{I envi ronnent of
th fluid stored in the tank. It may al so be forned béx
1 thercane PEUTiRE erigher shiengths byt Jess “kﬁ#ll?é’éltgt PR mptgriphthe outer

Caslancd‘f the sadkiélotayleN@ill aidoshesgpuised tmnmt;esam& theayabegime as

90/‘%1{@ 1%%%{3@15 ol sﬁcﬂ %’%’tér' s"'kg?‘{}ﬁ'sm)ﬁ 21? a?& c%h KShintain

nef‘éﬁﬁ?enélsﬁﬁ’?gw lﬁ‘ﬁﬂ%ﬂ 4“6 LERPPIAMES TE81 @A | or conposn tes

al so, be used. The outer skin is typlcally not
ex%&% sandvich saustireimthegiaten arayegomprisestidtenetp, for improving the
enbondingbetwes tho eldnisnes irsthiersandwithidndrago fig impeeviag the structural

f OEtr I{hﬁ'ﬁ: ﬂ‘?eg nﬁ{vmﬂ % OBX %ﬁb%fdlrﬁ?rﬁ%%r ﬁlteréf)?é H{a%rlal in 1tself give
G

e | nne
thﬁft & ﬂﬁal ftF%}gfl?rﬁ%¥ %S@némhawmrsf tfal%maﬁ/rbg ac L?é’ﬁd Through

asstnétmhirnglheastiffdnavemay bieiofidéffedeyt food tuwpdéfeably they are plate like

Pr AR&HerERaviRe b RAIALAENiIRErbn SheSti BTl Yhéet to the other surface sheet
and a length running in the direction from e.g. the bottom to the top of the tank
structure, preferably the whole way, or possibly as a grid structure. There may be a
continuous material in between the grid structure or there may be voids and the grid



or a core material or to the binder of core blocks. In
the case of using a higher strength, but I|ess

w0 p@aloat7ing, core material the outer skin of tPEI/NO2005/000232

10

15

20

25

30

35

sandwi ch layer will also be expoged to nearly sane

thermal regine as the inner skin. In such case the

outer skin nust be an alloy that can nmaintain

suftPeiuenthest fapgithe sore aicasedathe eandariah. b 6peagi grse is that the

Thextamadwdhisshadie hgis etlffenéd‘lpelatd ahesuieRy aduXpdtihiture rather than a

St 'sﬁﬁcﬁmh%latt: Ofp dJTR", g¥éé Eﬂ% H(}ﬁlf{? %@%nﬁo&%@? rc]{l;l@‘?%e is not required

nts in
st FnE?Yﬁ' satrucquaiﬁqurtéqs t he sandwi ch. I n one enbodi nent
the core material in itself %lve little structura
st lbggraincemponents odihe okt the eftemnal platespagmpeising side walls, a
actiicey afld tahboﬂ ghatsiré ifsaneéd 1ayidred pldtéd, ane hSen&f cdiRl&f internal walls

di ft]%ﬁ fe§ tlaﬁ e The DYk gﬁﬁlﬁfb?ﬁtﬁ'%%pﬁagﬁyoraa %h&] @%1 3 h)irktﬁe e%(temal plates.

ers aVI runni rom one surrace shee

to h rface heget and | engt h. run n the

ai P2ESr B g Oerm SIRERL R ot RO iR (a1 g Srore most
st pafesihithe sqan%f@mmwntw thmn@rwhyet desciyerskeaslior, as. they will

gr tybisdlhybé tade of gy nidhabgiah ’Dlwiﬂtéthévﬁldﬂi@hﬁglcéﬂ Weﬂls may be

betf(‘fﬁ?e% Bm%vgfai 91a§7% tH% #H Sr b%rl%lhgg Eﬁee@grogs%ng 813 ot%e¥ {If]ogmlng cells,

the gridstructu struc
safificelh stractypeBiay|alodeeiqraed byt cormsatsd: sheats) vval | is
nade as a stiffened plate structure or a box structure
r atwethar paeferred smbadonen iate fornntheueshl Baweyretblyen plurality of beam
| Nglén@dnitOstrtthing Frodh 08s sId&&vﬂM@tI@%ﬁp‘ésﬁ@hdé@ﬁH' TRQ cél‘P structure is

ha r The nponent.

i a’é 11& ﬁagf%ﬁltaﬂg e(‘gr)ﬂr’]ea e%nf §1§SVer t8£%? Ing>|; o agl} %%Slﬁ%lilqd nexg to the first
fl WmaW erg & thyd, bqaﬁats ROSEIqned wimtlatito ﬂhaﬁrstelwam fremsyerse to the
angec@nd&icanf argied fotlrey bdami aanalerstol the thiad beas eatd B this forming a

ar farfied LGt W%faﬁgcesg{ﬂwﬁe Qb ANEDBE R Bechen tlhcams
t hBPSIHﬁR%‘P &Rveteﬁlé OHiEr il t %@lfﬁuﬂﬁ?d é’tf’au‘equ angsegond fourth and

satixsh pedrhetcs aémthmqmy efeqilsinas: it keuldbeto siyeiat the beams form a
de§&1’t 'o?eﬂ) e{truc't Wﬁlﬂ%ﬁﬁ%kiwé RhER flfé?eﬁel :%g?rfﬂ%f structure.
I.N

ancnori n
fi“hs@e%\ﬁm Rreerpblia %%%omv F§TEL Vgl df dhe opposite

Asheleitemairv\afﬂsmﬁt@eeadm other forming cells, this cell

structure nmay al so be fornmed by corrugat ed sheets. :
An@hbeell ptratr¢ Bdnahisashelinehisfortell uoh tHae i€ €lplane A transverse to

St {Hécstlli'é @vaﬁg ef’}l 9 qlﬂﬁ@k' Jr% aﬂfang@cf"%tﬁltﬁgf? Tc\'i/% ﬁltd{r%h ‘Elﬁjegth?n in the

one

st plraedy ang gl v Irgradlel & patigpther- dhe hsemn aranged dirsetly above these
t hrsidbetmbeanrepdbatrangeddnnesccondplane B whste the deamwhare mainly

a bhvandl R)%gﬁh&ﬁapé’;ﬁbtﬂ%é@%laﬂe@pl 4 BoarE Qs%é‘a dsltn HERBABABAB

transver sec an fourt

¢ r BALY 820! 5 RHTESTRY PE SBEAn{neLit HYRHE 4 RIh ey Ogher patterns are
| atlsp possibleystithrfor instharcle d thirdilegersifiheatnsr e conpri ses

openi ngs between the beans positioned above each

ot ke anglechetwém thierfRbt artddecdnd bedrthinpprufeably seawndd 90 degrees

f O%ﬁﬂ??%P%tﬁig)ﬁtiﬁ (H%a &3 ls tlp%r%lw}forpéel%fé ﬂ)' lﬂawégan
caﬁﬁrﬁng@m& B2 CWstwg aB’ét ﬁé@ﬁmg]r?é odii60f Weqrto h%rgs

i ncorfegisttiarct ure. The beans woul d preferably al so run
fromone external wall to the opposite

The contact points where beams in one layer is crossing beams in another layer is
preferably arranged in a straight line forming a position for transferring loads from
for instance roof to floor construction of the tank.



external wall of the tank. The cell structure is in
this enbodi nent formed such that in a plane A

W e@esvEise to the side walls, all beans A ar ePEI/NOR@SMH00232
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with their longitudinal directiof in the plane A and
rral nly parallel to each other. The beans arranged

tIy abov ese first beans re all aran
&}?&Hﬁll’éﬁg 1@%@?@@1 ?ﬂ%‘l%?é‘afﬁ’é VﬁsﬁeNFV rgﬂ qdfetiﬂelr c108s
I ongétiandifominstanics T-Hupsé, Iplshmmd ok caniyl 2 Bectriegulepexatubdlar shape. The

' N fBRAg @@Wop @tsﬁelﬁfseﬁaﬂg@fn'g gﬁ&%d@l@t‘f@ﬁ'ﬁ %fﬂégfr%ﬁg %bBldogloshmg

&1 Str
L1 Spfiages iyl ket RN 1R VG Aawio iR RS acgpBReiefice of movement
be@rfﬁhe tRinks. ?aihg fflanpext qfeida behms falsostupaod the cdh strivetara by giving larger

pr %Bﬁfa@bbﬁeabse@f&mﬁe %eése@f&%sft% %y&ed @t@ﬁ@tﬁ%ﬁf giQ6s rigidity in

o LB S nepS o8 GErERIEE o e n gl i TBms mentioned
60/amera@dardtfﬁ@ns Eurrifsegss athes sonfignrations ef thepsesstssction of a beam

Wheti#y 18668 poBsiblRe whilkeichleVviny M8Shit@ JFRRIBI hiichdfRdighTside walls,
! a¥1%§11ﬂﬁszuﬁ)%§1f ?l{u?lglesf];e%{srat%ﬁgﬁ%?é Qarﬁle ’?’{’x{ aghﬁ% !:(I)H%TJ.lnication between

ransterrin
|n§h%ﬁﬁ€€r?@d¥elhsénﬂh%ﬁfu%‘éﬁﬁ’struct| on of the tank.The
beans used in the beam arrangenent nmay have several
f oies stengtheind for teasorweet ¢asn of porduiction dhe mtatsetitgre f the internal

%Bﬁﬁﬁdls%a Mdude 4 §§ﬂa@£’c@ WheHib&'to twetlth @ie @BB@@gmé_ﬁt@ are attached.

f | fa@g%e %agfbetusgdgogéotérﬁ% aeppggte eZln;%albs anﬁgg%l%g %'btelar%n Qructure wall as
t urdssdréredanithe Ph@tﬁllscﬁboﬁﬁ Eqrun&taa%e éﬁllé m@bﬁxen@éb@ﬂ vertical beam
MO \OE Tl a106r ddtard adoks-sddidnfl Bangeahe afteinae céle alls dh&tselves will be

S u%%;‘{) %K(lgnlﬁ%l %vﬁ#ﬁlﬂ%e%eo %&'ﬁﬂ}?ﬁl hI%ro%% of;ﬁ’l%eaﬁ)trmed cell walls

ar ea ayers
st ALBLY i Ca5ed odiapR cq;t}qqu dvheye dpname I&@H?%\@P“ﬁé demeegsary to
b etpm\eﬂe nhéitidnbf eassverdeayrensthoThixemay be Hoas dyfavtaoking unilateral or

b UGS B ot rkgl%lf eflefsOf %ﬁul&ﬂ% d@ﬁm optaht%['natlvely bg &)rowdmg

con rati o OSS sectl gn of
fbtsgai .SHF%gtﬂvw @ﬂa@ﬁﬁ ArAgafiqe 03 héFfl%tEfnaéf‘V3¥1 péiate Note also
an ctllmnhm enfiopéd anbaddr eembematithe imtgrssttosts begwed:f emes wall segments

F%ntaﬁ? vﬁﬁ%v%'t%aﬁ?‘fh@@efg@lm Mot Rand ?ritn\é@ %SE M&ve nearly no
dl erent " cel lbfﬁ strucfure For s

e aetHel G gmeapReily BeIUEs ShPIRERS B Pk HARE yhighstendemess.
i nfldversamedsbilanaiensbernyill tsoldere 4o sexitie werghtiof the wof structure of
whitgdiahkgisegl | segnents are attached. This may be used

for both plane plate cell walls and al so a beam

St r"[‘fl%ts%s@n%ﬂleﬁﬁl fonGs btl?gxggelﬁlge@&?deﬁlﬂ @Pttﬁeﬁzé‘%?‘ﬂ?e frEQ%urface area

er na ertica am o

I nst Eﬁ}ff ﬁ
t ulgd Lt Bl,d ‘g&glgl,eew GUTESRE Tyepfign is, segmented,into smaller areas
celbly wat bﬁthelwﬂukdr\mlsrwal twtallosystean.\F drlinstafom by uwirfgewternal cells of

I:ne:5| tbm”g)ltIF‘i@&}s s@ﬁ?@ﬁieaélb%léﬁ ! %d?)?erﬁ %lgfllngh@ét%agé%r P& dirtually
aydeate; T ineoat € bRalE seulE Rl mch pr e iaibiest to moderate fluid
addiypamiraforcescarsivahostd be designdd. foTlveh panpobe edpriey laying a

at tc@ﬁ‘ﬁgﬂlﬂorﬂﬂialt @F@J‘ié&s &huirwbéﬂcﬂﬁg ah@ rsh@e&%?de capac1ty, bg having
st | ener S .at

alternative
qb%; pik ot Solan oS R it oFhEB b Tai iered plates
of pwfér As piserdwigh sirictur|ae desigpediog ffud pressure loads which
easily also may include moderate dynamic sloshing load components. It is.a

particular feature of the current invention that the sloshing problem is relatively
independent of the degree of filling in the tank; in fact, the total fluid pressures will
be reduced with lower degrees of filling.



that the nentioned tubular nmenber at the intersections
bet ween i nner wall segnents essentially will have to

w@2006p0t7ne wei ght of the cell walls since theseCTE02005/000232
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nearly no vertical carrying capabity because of
proneness to buckling due to high slenderness. The

bul ar, me al sa .have to carr
ok tref tad Flgmaty o lyme P d Giod Mo sapiratc dellsrberpyyl in the case
sl @%phatﬁgch)hwnlbm’eﬂ open bokss motigd hotthap efitientellowallhthas eqenlize the

of fifelel &858 thY 6&1@&&1@&&9 gfle dab@ hidh %c&é&s Y811 é@ﬂlk %‘r inspection
|nt(£e current S . Sse

L et e B Yot e AEHTE AR vl el Brecieniang between
thedieems fhymingi thg Wallsegivialg cogitheniedti®. (Ihet@magtiénecessary in

S qatﬁhﬁoﬁ be opk® ﬁble@ @ldﬁeQB'tEéTﬂ%ﬂfdi* hu'rr[hn%%ssc %@%ﬁ;{p@ﬁan‘c factor is

I The
suc gggés déms% WF R ?r%g[éef B\ ﬁ? aelg%ﬁ?ﬁ%e J’iﬁé%gpemngs are
anBPseraddbdedwsioghdgor and wﬁlamm@@@he@mg méspbers associated
hawithghaop@flﬁgigag¢san that provides required bending
and shear force capacity, by having flanges on the

be’ﬁH@ celﬁilé‘ﬂ &3 by 1nt¥:1h‘1%1 Sé‘ll Qanglca® |b€tf§1§y aﬁ\@ 'uﬁffoﬁﬁm’é)dp?&ted stress-

d 4Rl ,
ar S0 BBl TPisp Rl P Bl 880 BRERGY) v D Felimifhetres) and for
al ResnnEiyuGtae wald nﬁbb@ hawy dypisaisiimporteshsinge theaidternal plating often
COWHIDAEH 8. bd thads oﬁhigihr h@é”e&[)eﬁsﬁ@é éllll@ysoﬂhai & ﬁiéfeﬁﬁ‘ e low

' nt%ﬁ'g:e}ag re%; I&ﬂ? !1 1%1%11 %ﬁefég% qul tfEY mt%%laf ﬁléuci g—ﬁei(%ng yery thin
plesipEhg Qﬁ”aﬁf‘fqtﬂﬁedwﬁﬂse@éﬁ :aégaWelr lmeméloné@l gaes® aprohlem in

| olmrdhdg gheedl sfrudtiutd walds. Eiercellnatighure veall ale@hs@ifore in one
Voélﬂg@dlhl%n{j#)f/ fhlgqﬂvérﬁ q%l &%Bﬁ ﬁtvglt}? gl)(getﬁe #?Yecr gndl\ft)én{t ﬁ e'ﬁlents at two

the case
bR BFidehel 89 gellpp! m%w&ts%m T pech Fotharsell wall gide at an

- i nintdreectiehlis thnckll hatctgiey Ehessyndparanl easones orimtogbiher a stiffening

C etlnleﬁlbfalo t1ff@fl{ﬁ%cthb Q11 31T £R1Lo Hféfé%‘iﬁtﬁé ceﬁ%{ruuﬁ?% BEA tank. For

ture e

re are
CR Tk FEUGET e ieaT G BORAA BRI PRt flanges for
rmylffefnmgcé‘dszhwmsn addi ti on be open holes close to
the floor for human access. The inportant factor is to

gi Tieis gbvesunieasiniable fretvetton ald adsb@bbedbf theioelltstmcagt] The layered
fSté'aﬂﬁﬁ/Hfh conkE S0 Bﬁme@&erﬂﬁlﬁ?ﬁ&@ kil %%s bﬁo&#ﬁlc{)ﬁ)tgtfo@rvmg both

oor and ave tren hSSOCIa
W%Sﬁt&%@rap@ﬁ lgd@%!%aﬁ%@e@ép urSaffcongacaéky Yery eiiestive.

c &Vbrewket,she Hﬁeﬂmel ﬁ:uvvleyl aarthle extefreal phits e eotahkedre fully modular and

el s BoRELy TS T Vb ARETERRC BTG Tevourable economic
|rne$fqnmlanf;ﬁ,at| ng often will have to be nade of high

grade, expensive alloys that can sustain the | ow

t dnpereatensies ofitick inkremti @athessvvhdre b exaérniaheralleingdyt8d rounded.

f |(F‘?9rea§@1¥fd?§n%8fi¥c1h£ E@urﬂieﬂtc%gnérg id éﬂﬁt 6 l‘ﬂb?toﬁ)ltjé"l}l Y5 concentrated

earl 1 ernmentioned caus

aﬁﬁlaacrtﬁéy PABCEE| I sYEh GRsey rA’é’O\‘}%HTIYEaSO?H’éaX: £ fo Eaquge semewhat
wethernzal etrebengbetveeen rthe tveo sides off thendxtefnat vallsnvent i on
provi ded with cooperative end part elenents at two
Opfitsprodusictesietiodtdfahe edik wamlportwhd ol psidiiea] Wakdnseeiell as for

angt Ia%raﬁeécl)ng‘ﬁgf! P?é-gl%dﬁgti@ﬁ]in modules or in total implies reduced
construction time and that tank production can go in parallel with construction of
the rest of the vessel, platform or site where the tank is finally going to be located.
The cellular tank system lends itself to prefabrication and automated production to
an exceptionally high degree. All internal cell wall segments are essentially equal

: Stﬁeﬁ@tﬁ%éﬁ‘hﬂ‘ﬁ‘le%§ Mfé'tﬁﬁlu nB%sE@ho Ql\%heh | et bSautomation
}ltﬁ PR to BRLERER deaf€l



intersection in the cell structure. These end part
el ements formtogether a stiffening nenber, stiffening

wo b@eoel7il wal | s and al so thereby the cell struPtTUNO2@E/000232
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the tank. For the beamcell walliistructure the beans
may preferably be formed with flanges for stiffening

of the beans. This gives a reasonable productjon and = |

as é}é&ﬁmgsmw Breduiced sessgEbly gne Eﬂ | aﬁs%r@ataglalﬁew torthe joining
consffeninginpemiodrs che abvotter dale iplaatepstitivd atel awtbinated fashion. Highly
andreo9fe welliYd RYnRRLPs, 38 cB hE ?ﬁ&%ﬁ‘éﬁﬂﬂ@idﬁ% ?é@ér or plasma welding,
i nsul %’n%%e nts, 1s ec\(,)&lom ca % vg@/ ctive. d

Mo PE\RS COnSiigT diPesoing Sases- P theovtge plaigsanan e prpquced segment-
of wifeeandajoneartegéthet Yetwrsu lthemsahdesr aplevith ithveintdinbkcell walls.

means that the tank |leans itself to a very high degree .
of Aatahkmatdrdingoiorthagnvensioprwitluctdeseribedbs able té berused fdr storage of

al ﬁgfé‘rgﬁ‘tt 1Gh8 W e PYRA dift %‘g\g@%(?cﬁ er?&-ﬂ{bﬁg% fn the temperature range of

. t
oA T by SR cndartar AL obb o Rsdank B vithstand o b
r easoa baostatiobvedpressuge mothiol €t @ok Nk msayi se pdsationsteonmafloating unit
obhahi |&aDacansant rated structural nonents in such
case. Another reason may be to reduce sonewhat thernal
st i o i d . .
LSS AR LR R gy P B i o
pr 8R4 f &fang &y pEsvenhEe fank foya xodptiq I hgvfaplamayassaaliernate also be
Pr pegitionkdtdirestlyi on avaiud basearr dthertteisalwithgiliiks pr@stuted
construction tinme and that tank production can go in
p laﬂ"a? lixelenvoh Miﬁmmvmbbl @kj)lﬁ{he@fwi&ﬂﬂ prd‘ff@ﬁbd l@{nbbbﬁné&ﬁ§. S@ihbreference to
pl . . Where the tank is finally going to be
I o@%%ﬁ%%e@%ﬁ ular tank systemlends itself to

refabricati on and automated productjon to a . . .
P it 15 20 A A Ry oy Vel Shhfinisdy P g invention with the
sedpng oaecsideseahrémpysd,equal and can be mass produced
"assenbly line style". Their attachment to the joining
st Fig. @mhnys mesebend ovanll ainsw dive entorfen. fank acceqdétg to the invention,
and automated fashion. Hi ghly effective wel ding
t eBipnBashesis asitiittl ocaverdll e@bodimedt of awalkdadtgrdihgse thedmvention,
pl asma wel di ng, may be considered in sone cases. Also

t hBigouiAein 4 BBSW HBdetsie op ﬁ@@t&&;ﬁ@fm{éﬁﬁtiﬂifﬁgetlﬁﬂi@h a first

] O L 0 [. the elve a W e .

| nPRPRUHRAE bY &4 BT  LRETRE T Re 2B M S PRg smnogiment ofthe
wi interasl epdkgtryabeg idigadiBe t o be used for storage of

different kind of fluid and will give good perfornance

i nFigh8 At shopesraadetnié of argek vfith+2MICCHodi2ee0E] amitdernal cell wall

esfegdtalel Mtashéd Rbdeelftefal Mate, The tank may withstand to
have sone bar static over pressure within the tank. It

mFigb%BPE%h&W%Qgﬁilg% JF det AR 6 f¥le UBhhecPlon@f aPeb8if embodiment of an
bag_&d Sfﬂt‘ﬁi Tﬂe t ank rm?v{ébe g}%ilil oned on a bearing

sy¥TER{ .Ie\”é SHECHES 1M SHSEROPIAG poi nt and a neans
to_prevent the tank formrotation. The tank may as an

al Y& Rat hogissoctes sstippiodiag canhodémeyt fip %ﬁlls‘aﬁﬁ ip gagpfirst
orembbdimenaséceli sthuctire,| ar properties. The invention

will now be explained with preferred enbodi nents with

r eFRY 6BCROWR af di8s§cRbA BT anhiffefsection of four cell walls according to the
embodiment shown in fig. 6A, '

Fig. 7A shows a cross section of another embodiment of a cell wall in the first
embodiment of cell structure,

Fig. 7B shows a cross section of an intersection of four cell walls according to the
embodiment shown in fig. 7A,



Fig. 1 shows a tank according to one overall
enbodi nent of the invention with the roof and one side

wowriob/osemved, Fig. 2 shows a second overal |l eP@DNOR®@E000232
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of a tank according to the inverdion, Fig. 3 shows a
thi rd overall enbodi ment of a tank according to the
R APy S otk S oo B e s externa
mpblltmaf a talk acsprding tw thei invéntipn,4A, and a second
enbodi nent of the internal cell structure in fig. 4B,
Fi Big. SA-Bnausy exaheples bf differertasivated hiew dhaltednative corner solutions

e dic Bl maf Qﬁ o'f réttgﬁlgﬁ‘éco?%% t%#: iehHGhUr € attached

to an extern pl ate ow exanpl es of

%‘@r |1§]Aof3 s}h]g% t%fqnggg}ééc?@e fowv@s 3F& ?eﬂﬁict &0 cﬁn%rf ﬁhe iv@ltion with

to an externa
the @esHdnef thecsand Wl%’éﬂiﬁl%dof one enbodi nent of a
ceII wall in the first embodi nent of cell structure,
Fi §ig. 4B shhvwe tank pecpsdiogdpitbaimpfentian iwitheesenial stiffofers, with the

f orjof@allonealideswak ¢ahevaly to the enbodi ment shown in
fig. 6A, Fig. 7A shows a cross section of another

enbodil meRbwafa &taﬁ%fag@hl ofithe 1% ihiffStg. enbodi ment of
cell” structure, Fig shows a cross section of an

i % @Jj QL 9&111%% &?&ﬁdegﬁkémﬁ@%i%ﬁhﬁ %aﬁlg1 p? and tﬂoor in the

ks Prélﬁﬁp eschdi By itk Yo Ak AtTaC e, aheasalhp in fig. 1 is
pl sitceviothree tidelplaecdy abotyorhplitee amvaninteanal édligwaBAtBeture 5,

Sh@lWl(ﬁﬁ?'{fHé Biedbl 0o ﬁfo?rtﬁmanﬁl leﬁ& ﬁlaﬂbﬁ&élﬁf t i vngFSlb]fe to envisage

al ter rner solutions, o r

F aFfR eH UGG ST piFS PHUSHR hoaall ot L cdhmcctin
perapecThess maeal befof almﬂmkombéfarmtmgnuwdtmxs i Hveinttéranl cell wall
Wi §tﬁ15tﬁ‘1% Iﬁh‘%; 8lso Vel dhvithagbd 8o SRR JOBRY %P]fs Flbﬁ’feré-ﬂt embodiments

sho e.invention wth external
st? F\%F H ﬂ%ﬁ%‘%’?’ gtrf?ﬁl ®he side wall renoved,
Fi 12 sh art of the tank in fig
g The glt?ralﬁﬁmgﬂ gveﬁ .?-ﬁ, ua)gf nitfﬁ%lrﬁqllowa@s%%ugee% in the form of
si pletesalitls o smooth surdhdel bave passégreopanimgsod aethe éevedlof the bottom
pl plagsS4 @&Hfh ﬁd'hsibné ] eaﬁ% lto @ﬁle 1n§€rﬁélcéoﬂ{1ﬁum\‘3@t% Qétween all the
i s own S

@tf%r%ﬂﬁgg ’-Flth Sé)rgllg?s %Cé:F?S eeg {1’?%%%[@ f81' glspectlon ann(] repalr in

d| thieiapgyof hdarigent ankalhe/tink willl albe compkisd an amptywnalahéfilling system

CedfdPothbt dbtecii®tS %@hl%nitgrlﬁg\éyﬁéﬁﬁ a%ﬁ‘éﬁ{a?ért didahe 'bﬁﬁ‘ct,h are not shown
struglgbyes formng the wal roof and floor and their

cofin ‘'zones. These may all be of simlar or
O et SPin e The!SoR g LA SO e s cn
Wagtmctllﬁqefﬁ‘ comptisinglod deliwratls 26X whiees thecoarremmsr vélld odter walls are
deggly BEAARE]OM arc in comparison with fig. 1 where they are shown as only
partly rounded with a straight part at each end as well. Fig. 3 shows an alternative
tank 1 with side walls 2 and a cell structure 5 of internal cells wall 20, where the
corners of the side walls are right angled.

Fig. 4A shows a perspeétive view of a detail of the tank in fig. 1, 'showing an
embodiment where the outer plates 2 are formed as a sandwich structure with an
outer surface skin 8 and an inner surface skin 9 where between there is a core
material 10. The sandwich structure also comprises stiffeners 11. These stiffeners
may have several forms but preferably they stretch from one surface skin of the

~ sandwich structure to the other surface skin of the sandwich structure. In the
preferred embodiment the stiffeners are plate like elements which width is



The internal cell walls 20, formng the internal cell
wal |l structure 5 in the formof plates with a snooth

w@obaer11 have passage openings 6 at the | evel POf/NOR@®5/000232
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bottom plate 4 with possible edgg beans, to give

i nternal communi cati on between all the different

cells. ThIlS al Sf gi. ves access between the cells for )

i nsSpRstentivg Eptierdiptaneetwgen the suglacg skins ip daksandwich
Thetruainke and hetesthe demgih iof eheaplatngbyiengroand the beitivgl direction of
SY%@HHQMHOEH%r&@fa%% f&Qh@%o[@ﬁ]& (? F%chet\%'ﬁ Flﬁncﬂw figure the

t
> et ST s it e A Top STt badmentpd the gpaval

wakirgctgraavchese ded ¢elbwells brerferibed ovifir sisglegplate vealld 20, which are
#dlﬁed?Qb 1n‘061§é&10tn|§91f ?HE nﬁefrﬁﬂnaﬁeﬂlﬁés oyt Eé %llaﬁlﬂrﬁ:hored to the

V\/nélrdé v{zaﬁ}ej tileé) ° erg r@w& ag@oﬁﬁ/ﬁﬂgdﬂ% dikegtiffeners 11, by

st fexi lghttan%mkhng ba@rﬁeartue axllvpdate. 20Fimgl the isteovad sarface skin 9 of the
al sgidvdth ‘éﬁu&t@ﬁl‘ Thivid Aveh@sleNal ehitidndhGradsfelall of 1oads between the

coPHEP Syetlsina G B 1L oiheg, T o Tl A g o be formed
sh¥ih apgtars @é éhnovgh goeyg yfles(npsshown o apnéigusesk i n

fig. 1, showing an enbodi nent where the outer plates 2
ar & figr 8 dhers is skawa wisetost ernbedimentof in artexmat e¢ll wall structure. In

S Uﬂﬁ@@ﬁb@lﬁn@exﬁ tBOE1AKal18DNB ars %ﬁr?é&eoysi‘ Turdli lfeam elements 28
between there is a.core materi

ot PAETARAARVE St Af et rroelnu D20 e gdigs o8 fre arranged with
st PR¢ eqiaf depmy 284/ m vt daper faod ssebond Jayef ef bdsinys 23R wbove this

St figdt ¢dyelr ra@@hﬁ@l@géﬂ%ftﬁ@l@mﬁ Kinrgltﬁfhntah Bxi8 %@FB’MS ¢Re beams 28A in the first

oL TAEL U8 i DB A5 BBl ity B i beams i
ar télepﬁ'lrat hﬂypx Kehig fermsn kttiga Srioprdrrith sevepdtlayars ahfl yith beams with .

eqdidferént Ibhgitwtinhlones ibatffaen lhfiéi‘s SUKifs %@ﬁesszk 415 vv'aIl fbﬁﬁed by beam
SPOUMAR Siih UGS ANANSHDLDCILEND A1 LOE. BliRbSes the
waWCCS%H camw%}%n hegweemehagedls @nd@r &rﬁ sage time the gecessary
waptevention hgaindtisposhéngd fnea tank @osidioned loh a\/\mbk/ln%{ﬁdsﬁl UA€the

' Slrﬁé}gwlﬁszv%gf ﬁefdefl%alﬁ@?g{erﬁ%ﬁﬁ (9]; Pl rre%ﬂvfn %S?Me arTanged

structure are

ere
pl SWtiHE Ppe 0B dop Et%otg?re beagh ﬁlgawaf QUEHBE SBRRITH Fy ezm;h layer of

Thieeanm elenrealts DA ) 2§B ahé alsAC taares fatrieieyoid fipr @nedtaslddad Ofrom roof
thg gbsle wall at the point where the sandw ch
structure have plate like stiffeners 11, by for

' n?ﬁ@ﬂ@ érﬂg 2§ t f@g%%ﬂ%}%ﬁhg R d;lt@% ﬁ)r gﬁgvg‘aq otbeeor H formed

i nt erna surtace s
Th§es§ %F»CFIQ%BV&@IV@& fCHogY Btion With endHlanges as mcﬁfI (Toetd formed or
betwemanbilae rexdreyubal orwattasgwng cidie secfi®@f 08¢ alzelakchieves a more

St Stk %ﬁstrqaﬁ)np&athﬁ iRl c%ﬁ) Mys(ﬁicme Qe deQf lgg‘aa% Yﬂ 5% layer may

pattern o hr ou

ol
f | lﬁﬁr"@ its epd ﬂaﬁge%@ a?qﬁ@eglepga%%{ %e%%gl@ﬁaes of th beams in the
e nfoexd] |lzm§3mt Tloé beams mizgrabsal becwkldedal Imechanichliy dixell no ehdisother to

er@?lgga{rﬁei\tentrﬁ&ecﬁéﬁle \aé’;ﬁig%tﬁm%gn%f?}&é ﬁggﬁ?ﬁl g%’lha/aﬁl H@hirt Yone beam
a ?:IS’InF Wéi‘l efﬁﬁ “ﬁiﬁ %V Eﬁaéh g’f%ﬁ@%&"m?ﬂ vga,{g’}ostgp opposite
of expernpk waBAi.¢.rtha bf:amgﬂerhayce forane partsgceneral aglewati.

beans 28B above this first |ayer are arranged with
t HEbe cdlbwglls Adinney baxsothgrleieseléhentb@aagho@BAn the éhiBodiment in fig.

fi48!plate elements with stiffening means (not shown in any figure), formed by a
plurality of beam elements or even plates 20 with corrugations 23 as shown in fig.
SA. These plates 20 have corrugations 23 running in a mainly horizontal direction.



layer. In a third |layer the beans 28A are arranged
mainly parallel with the beans in the first |ayer.

wabios/oboins a |attice structure with several |BYBNO2@SMH00232
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with beans with different |ongitmdi nal axes in
different layers. This gives a cell wall forned by
beam el enments_wi th spaces between each beam el enent in

celliheypiernal pail é%}?%% comprisescedlswpls b Nihieh Bget erintersections 21.
belhesnintdreetionk 2 1analy i a phfesadrembbdinéheongeisadisast one

pr @Mﬁ@ﬁﬂng &P@ém eosifffe'ﬁ Hleﬁb%f"gﬁi'%%ifw S{jp ytubular
e

e.l.nter Cl1on

wal FI5C%- f ‘H@rﬁ)e%rrﬁqé’fl%‘iﬁﬂg SHBE el%’@ B‘i’%“%ﬂ? ght angle relative to
ab gach othenrnadabuttopg the subfecosides obeenndjaeers ellfwalis, ag shown in

%OSK ﬁﬁér&ﬁﬁﬁbk%ﬁ?ﬁemﬁf 19@1%%1%'0%‘1‘?% §n@§<ﬁm612§§th%rlﬁtefrsectlon of
250 o SRR el o Shai S iy A5 ecgner o all the

pI gowwsrs.or have a | of T or Hfornmed cross section. By
having a cross section with end flanges as inal, T
or Adcbwlimetb thie imvartidnutheliaterad celntyutiaee tranchored to the external

reWaﬂQQ)lf'kl?é'tanﬁr@ﬁsgnﬁg (ﬁ)rﬁe‘?fx@e@éré Qﬁ]'cﬁq\éﬁ a8 sHOWA in fig. 4A
st aE]@ ons rna

o ihe st Dot %@P%ﬂv 4,7l ofthersgndwich
endtrﬁ¢tarega¢sthe posibiottod| rthmtlﬁgmrms"fhm gevesndrdséergd ofdbads through
t hﬁlebﬁaawlémstmu&%ti dlﬁx& Fhe JLh@r Qﬁﬁ"&tﬁ@é’amﬂkﬁ&l Bucture. Another

mechani.c y- fixed t her
ovar Py SARE Erei A et BT FlePBrn A ie Brpnscd in the
wabandstieh struetere, thie abssagives @mnsferml ofﬂ@adeltcb theeduter part of the

st emima@ sffﬂ&uf@ﬁﬁﬂhef&%ﬂﬁﬁali@(@ﬁfo@@r p@@klbﬂtt? t to weld the cell
wa orma

t |
Rt B oG The g b G sfopigh %P?tuwah% Bohly e
|, at I t nbodi toi
ffﬁ?ﬁeﬁ i EBREAED) AP S f9r el HL S HRHES pipprising beam
shelemeints anayphéwgundlg. SBoEnthdsdhsolatiphuwal alsp befusbblenfior connection

el gfBall Vafllst@¥BRePtRhRY b%Dsn%dtB CAES H98dHeNte2Bla8S
shovvn in fig. 5A. These pl ates O have corrugati ons 23

F}Fﬁ sB 5 R sﬁE{vﬁlt}iaM'é'b%%tfém% f %k %J@%h'em@mﬂnge 40°

ructure conprises ce
i QR P R s ke ) 2ot DG ug iy Henvogd of the tanic in a

pr directicadtramvedsierte the exepral sallaiThe dlasge dfitissthiapbd miithga larger
rre PREFud é@i‘% §hé Eéﬁ{HCHGnW@mﬁm@é’mbﬁt 0| Al Pless protrudmg part
E?Fé‘y é |rc 35}\ square) or conpri ’si ng mal n
rﬁeglﬁbeo ?at“il ?1 right angle relative to each
ot her.,, and aguttl ng the urf%ce sides of two adf' acent

cell Tigehe & Whereshewallielr 6. shewn afaraedry sgyeral beam elements
st 8 Agthiepgbemmiskmseran L Aiane anecledrioen exterhhlewall 2, comprising of two

| NERERAE 1 2An8h B fb@néﬁ%} 2 Ebﬂ&ﬁoﬁ%lelﬂéntt@)e The %Mn&‘?mn element 40

t he cor.ners

stiffener e cot a

AP Rt e G Hots pBRt MOk 3 RBTIR Usehascdgapp Ve [t jaarian of a
i selznenbobthetaxternel walkl & nal vval s of the tank, this

may be done in several ways. One is as shown in fig.

4AThbeoendclion edrhemtalll is fa@harfermed math aflahgd A% ektending into the

S U(II) @lccﬁ tﬁg ﬁﬁkq;l t&l?elgﬁi%ﬂqﬂn\%ggﬁé Eéjlﬁl{gﬁxﬁeﬁal %Jl?wﬁﬁsl' ;['h%rInternal cell

t hwa g°‘ HrOp e, S A RS PET 5,28 A A5Enecb10 > Bdsr 35 in several

skimayofOndenbadichent s sitowurcinufig . SAmhieteethe beam elements 28 A are
welded to the flange 45. Another embodiment is shown in fig. 5D where the beam
elements 28 A is attached to the flange 45 through a connection piece 41 with two
U-shaped grooves for position of a part of the beam elements 28 A and a part of the
flange 45 and connected to these elements by through going bolts through bolt holes
42. In fig. 5E the beam elements are formed with a U-shaped groove for insertion of



possibility is shown in fig. 5A where a fastening
element 14 is arranged in the sandw ch structure, this

wab®e/ogi7ves a transferral of |oads to the out ePCPEOR0SH000232
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the sandwi ch structure in the ext®rnal walls. Another
possibility is just to weld the cell walls 20 to t he

i nner skin of th andwi ch structure (not shown

ot HBF TEREDAS kD fé@ﬁ%e.ﬂawi yobgriagtean ?or@@pwde for instance
st rweltlimge conpri si ng beam el enents are shown in fig.

5B-E, these solutions will also be usable for

corfiigc6 AdB and 7aeBlshwal twosdiffeeértreashodnsmd ofy @MWl 20 formed with
pI aetngsfﬁt‘?{ %18191 %t &Hltcﬁlc%%ﬁeralc@wgth%“théeéng qa&?eléﬁ%m 25 to form a

eam el
40 Stiffming Pemyet AHEdniataistER e theapellgryctore. and
protruding into the void of the tank in a direction
t r dAdie0dethere istrbowmnt aeivas segaion. of pheelk walh g@. Thereiis to both ends of

shahedelvntali atdchedend padleldnténlg2 particlois lbhgitedinnesid B4y a L-shaped
to g,hea &Lerrent 28A, and a |l ess protrudi ng part
betvveen t beam el ements 28A. In fig. 5CF where the

e SR B O S0 TR it
extQéeréhe washapg and éh@lqvﬁl‘ﬂfglﬁow isvieciagevenyt fsomAhegell 211 As can be
] lOIseemlﬁbm ﬂgc&mh%waeﬂ etenent7°4t.thd heo end g@ﬁtdléiﬁentls 25,25’ are
e | a main

o ety p0Red b o Byt afbrlel ”Eﬂ%“’ﬂ % “che Y
' Th further .

ety b B S BEEL AR fiecbd sl an
t arskntiodimenti asates¢bed inaetaionge fig 6ah€hernd padlelaetits 25, with a
valll-siape o ivitieh E‘ﬁlsed? At 26l aSTokves bt @7, BY all tif&nb@e@f@valls interact

eI e ed%lterg r%lgée r?g rﬁ) ?osgﬁmt h i%Fe]icnl agn%eén% ?g fﬁ%ralsed part 26 of

be@me@mé pertedemen i qn@nq@qd tcbatlwelmaahé% ofignothanetkpart element
gg@@ddnﬂﬁﬂl fous t&deper fofimé h@‘ect51%1¥45[/ﬁl1e%1@m%ﬁﬁ mqmsﬁ‘éﬁd%t )éBents may be
e r oy connecti on
pi 'gz‘giéﬁe é&gf ?(%15 {ﬁ?g‘ﬁ %Et%g})%%{/lté'gts o% p%& tion of a
ar, t beam I ene 28A of . t e flan ,
25 Fi Aot BEP Bt TRER i bhte Thi & HACh GGt Ca wall 20
boIW1§1 amedighrt igtament @5é svidpa Vi-shapegattaghed treb@félaﬁnds of the cell wall

el eggents are fornmed with a U shaped groove for
insertion ofthe flange 45, which forns a third

em?ﬁ"ﬁ Btit iAMIwaPNBRSE 8kt JOut BSE %ﬁ%m’ﬁﬁhf’td"@m one shown in

Ceie-dAy FoSbe ST e B o0t EHERES ARG 28 im0

co@p&emn@mﬂmheroléh’er end part elenments 25 to fopn a
stiffening menber 24, at an intersection in the cell
st flletomte. plates HF the tﬁﬂkﬂhd’reeroioﬁ, ssdownllaand fiesr s@npiises according to

of tl?e fRkhti gfefgl% bl T’Q ?Jrﬁlv&héh tsﬁ'u&ﬁ}@ Vﬁﬂﬂlﬁsﬁé ahR%t &GSl face skin 8

attac erren

o 0 et SUEARE A v seas RefTesedheBe fedre Phigedgpntinuous
pamatetidmesho®s ih figaBachestrogutews sholin ndig. 88> CafTha core provides

IOOlf&t atqeastt lisartr;aﬂh%%@keﬁgmt of’fie waut 5}{%1 t'heslﬂﬁﬂ%l(ﬁ{‘gf f38ank. The

ower%v{:} structure mfa?fcclo%ﬂar%e £ struc?ure or stlgfeénersvﬁ betwéesn the outer and
inner surface skin, 8 and 9 respectively. These may have different forms shown in
the fig. 8A-C, wherein in fig. 8A they are straight transverse stiffeners, straight
stiffeners arranged with an angle other then 90 with the surface skins in fig. 8B or a
solution where the surface sheets 8,9 and the stiffeners are extruded in one piece.
There may of course also be a continuous material between the structure of
stiffeners as shown in fig. 8A.



seen fromfig. 6a the lower parts 27, 27" of the two
end part elenents 25, 25 are preferably positioned on

wWoeppesIrTgl si des of the cell wall 20. Fig. 6B sSPOWS02005/000232
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cross section of an intersectiori6of four cell walls
20, with an enbodi ment as described in relation to

fig. 6 The, e art el enent.s ,.Wth a shape form

wi Bhandther eaho 3} tagshgygn ip lgméfs tbgﬁ%ndzvcﬁa?m%ﬂure Fgycomprise in
cebdldifiahlextdrnalestiffanesst 12, peotrudieg ety amnfrandhé sidestop or bottom

t Oﬁﬁittéhezfndaar%lhttef ﬁﬁhfb@loﬁq%rl 324 he-EQﬁerﬁﬁ' s%i?fén@l%r f2 1%@ Yrotrude

el B R dp T G ET 58 S ORF of Gy through the outer
t ofjsukasionflayers As Shewnan dig. 8D dlersmmay beFheonpesthapbetween the plate

el @aHRDY ifANe ﬁﬂeﬁ@ﬂé@?&tﬁﬁ’ct@bé VR Qi ffGhers €1 @Mhe s*ﬁﬁh@v?oh structure and

| pg@ déx\fgrlh?ﬂ i v%gn% (?rt es ﬁ‘e??rs qgwagﬁin[&ﬁ eggee%a[llst%pprs 12 may

20fory} p#t §f 28 §EPngation ef ptepwall 0t Bhestfferespeay be provided with
at twches, teoed3os br ethesimblating waktiaelbmerdPlo relificd 4 th@ heéPBtransfer
i tt ué‘ﬂ‘&%tﬁfeﬁr LASS section of four cell wall simlar

I{ﬁ one s

'n fig. 7A, form ng an intersection

B Eph IS o b S DB 5 BRRE Bl Mels b BRAh s 04

si Belrv\me| splugian fthG‘OT i A ghese ipe oprdienglemment A6, formed with mainly

| NVesHabed gfkf(ﬁvfeg @linyerdiof DT @Wt&ﬂals\ilﬂy §égi'ﬁ&1t§ QnP We@dé@lgto the corner
an?lﬁﬂlteﬁ{ 168 ulrnt;cﬁg %oﬁl‘% tiog hsﬁo% nip gngc gﬁnt%% ﬁed §% etB?(? t].'h%%ﬁ]j]nglCh
mattegtene Qaf§ §ﬁ2§Wﬁn41ﬁW\‘u % 1s inesk together bzmnl@mashmtiw’ao each other

i nfofringng 8Bh&Ep ablage.core provides for at |east partly
the strength of the wall and the insulation of the

t afkeig TIRA 9848 dV)BQBCfetefrél QEMKIE e@t@&@%eﬁz@ o aShAl! ﬁ&dHr&mg to the

o AL A U0y YL RS b ey e moers
f owiltOV§ﬂoehpW1ngtth@lrmeg surgaceckimAandithe phaté lige s@fendreyl 1, running
arﬁa Sgridipghtr il tAe3yEB8 28d Dot glaSes Sid @Al Dfirection runmng from the

Il)gt{o%q gfrtg tﬁé Ec?png? thvgI stulfe 8%&% e?et: Fr%hl%chh%%rgg%él selﬁgort means 30

su%tfaélcfélesqaééﬁgd gltgrsa%ort ﬁ%th§t5t11ffe§ﬁ@r]51 forgheRettemadatert. These will
onise pidaimed Theatoze depildhtegour se al so be a conti nuous
mat eri al between the structure of stiffeners as shown

I EFifgl g1 sBéwh @ t?{ﬂ@&{b@?dlﬁ@’@@ HaBREn@en $MAVsiHE wall%nd&Re roof

t W e [

BT 2 HL0 O SR A2 AL G e o v

Si %nprﬂscsrpmd histsah ntawgmah@nﬁme@atlarrunmgg limeigsid structure, with
| agteffentds 17 henréixg &1 ﬁlﬁiau’ﬂylﬁofrﬁﬁﬁfaii aA@ veRicaPAREHIUHAE One may see

paﬁ*{)llnythggy ﬁg@% hﬁ? tl?%)g]%fet ﬁgﬁ lil()%tf tRQ 1At§1¥1%! céliig Sﬁr%&gre 5 }fsconnected

uter 1 nsu

s H@Whe §‘f‘ilef"f"'§:}ls % plongdhe pasijion Qf an @ESFﬂii’é%ltﬁtléf?n@éi S&»efbw gikes
pl e fiviall ksu@frdlintehsty of denak. Feblidst rhie §tififener sPstem is designed

sty fth %fo[ I;t]sgfeﬂggh 11:%1 QHQ@M ﬁﬁ%nt%{ Hm%flﬂ{/&t?dﬁdclgelg Gflé)t Fequire structural

extern eners 1

exstt@nﬂ t&‘iefl?%ﬂ%ti@ Zerrmy formpart of an el ongation

of . the pI ate wall 20. The stiffeners may be provi ded

wi e gbpdiment elcibe deeensionghe external wilates mgyrhet eoninggted to and

el sppotted by oeihieRisting, h¢jaterilyaldsited, structural systems at one or several
point or along line contact areas by way of elastic links, linear or nonlinear
mechanical devices, or pneumatic and or hydraulic devices or combination thereby.
This is not shown in any figure. One specific embodiment is to use the previous
described support means to support a side wall of the tank, however there may be
envisaged a lot of other embodiments, as indicated above. The beam structure



t hrough the stiffeners. Exanples of corner solutions
for joining the external walls 2 are shown in fig.

wWO2B5/00¥11t he sol ution shown in fig. 9A there iBCENO2005/000232
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corner elenment 16, fornmed with neinly U shaped grooves

for insertion of external wall segnments and wel ded to

t he. corner el ene 16. . In the solution shown in fig.

9B fora! srceﬁﬁ*éagissmaf be @%@ﬁﬂﬁ?ﬂiﬂ%k%ﬂ@g aitpfnlar or
extrectangulaaktos? segtigmoi ned t oget her by welding directly

to each other formng a sharp angle. In fig. 10A and

10T lichiarentisrehsshow bper s ained evith éMfferoft dbtdibdtkembodiments.
acqerdbng. 95 %ﬁ%iﬁl@\ﬁ? %h{/igg%e\’\é i otfllﬁep#fo% a?&f Eﬁ@cﬁﬁc%&‘drﬂ to these
of 'the sahdw c| stgucture nd . core material renoved, ]
shGRRONSIDRBES; Hitkin tag peonceidhe inventing af Yefippdirthe foHowing claims.
st iTHeeredlr gructyrermmnhmg: dififeeerg ecmpaidseThe butdretruofurémay be

an t j [ j r: [ . .
thga‘%é’%{ﬁ% opedy J?%é;%ﬁﬁé‘?ﬁéﬁé% gﬂ"fb%q%&%“%a i There may be
ar SoRgab A Prs B SippHih dHkrent sialty and i Hwak hagasied for the

i ntdefferot 'p‘mesoﬁormh@ thei thile riBressuppoftonednisendyobe posifbatdefor

4. sﬁEﬁ&‘ﬁn‘Q‘ thé &k 1%%%%1?,%(% halfWeotHEt Aitkr 1a8r8T suﬁgﬂaas for

11 sho a tank accordin 0.t i.nvention wth I de
Walelxalé’ll?wge ?mguﬁﬁﬁﬁﬁ'“?tg%@se@fa%&”oo 3§iP-12 a detail of the
tank in fig. 10. The side walls 2 of the tank conprise
in this enbodi nent external stiffeners 12 running in a
grid structure, with stiffeners 12 running in a mainly
hori zontal and vertical direction. One may see from
these figures that the plate wall 20 of the interna
cell structure 5 is connected to the side walls 2

al ong the position of an external stiffener 12, this
gi ves beneficial structural integrity of the tank.
Provided the stiffener systemis designed with
sufficient strength this enbodi ment of the invention
does not require structural strength in the insulation
| ayer. In one enbodi ment of the invention the externa
pl ates may be connected to and supported by ot her

exi sting, adjacently l|located, structural systens at
one or several point or along line contact areas by
way of elastic |links, linear or nonlinear nechanica
devi ces, or pneunmatic and or hydraulic devices or

conmbi nation thereby. This is not shown in any figure.
One specific enbodinent is to use the previous

descri bed support neans to support a side wall of the
tank, however there nay be envisaged a | ot of other
enbodi nents, as indicated above. The beam
structureformng the cell walls nmay be fornmed by

cl osed profiles having a tubular or rectangul ar cross
section. The invention has now been explained wth
different detail ed enbodi nents. However, it is

possi ble to envisage a lot of alterations and

nodi fications to these enbodi nents within the scope of
the invention as defined in the followi ng clains. The
cell structure may have different geonetries. The
outer structure nmay be



| ateral |y supported by surrounding structures as for
i nstance a ship. There may be several |ayers of

w0 p®ebe7ion with different quality and this naRCDHE02005/000232
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varied for the different plates rmng the tank. The
support neans may be positioned for supporting the
tank laterally, or the nmay be other outer |ateral
support as for exanple an outer structure as the hull
of GLAMP. CLAIMS 1. Tank for storing of fluid
especially at very |low tenperature, conprising neans

fon.fi | ITiang fenstogAplofifigd %ﬁlﬁcia@@kat% Ifﬁ@'ﬂéinf)é}&ture comprising

|
co%r act onltlﬁl%oatn %néna%@ §2t hg tlﬂ?%v n(f%leéns f/% SERPeriing the tank which
PWSleE thepmat ﬁ%ﬂl‘fr%ﬂt@m ppniieg ohthe tankt whighttaghf comprises

r oekiersdl pdates| foaming dtllemst pachodirast, eide walds 6k flody, thatracterised
t h?ﬁ ShhSthRft i %%QE%alcc%Pll st@tﬁ{ﬁgw heﬂ{’l\fdt {ﬁjnfnlnﬂh%ﬁtmn between all the

nicatio et ween

st F t 8o st sipstuge 3nd | whare 24 lgash 2 Pﬁﬁéhee%f@maémlqaﬁ gp@prises a
c ofigyrergbsand wialy srecduscadivwhéreshe itttk celb strudtareistfoamed as self

' me&ﬁﬂ‘l@katﬁfé fensibh %ﬁ%ﬂ&@ ah& of SHIRS gln or ﬁ{iexternal lates.

equili brati™g tensi support an anc orlng t he

exper nalp %Egosrgn?g toT&%ﬁ ?C(fﬁﬁ)ﬁ 95 ?9611; ecci qlntn}hjat the exterggl plate

char act éri
a SAMBHFEYR sHdyech SEUeERpPIEPIYNE RYO §H¥ Aee shesh é’fé/lefs of a metal or a
| ayetaridfwith siedibdr ppopeartienbed b @brebdtivesn Mahsferring loads between the

Pr op&sd 'c%%g?ﬂﬂigof:@ﬁﬁté}?ﬂ%%rﬁe{ 6 ﬁg/%re[)k @Qte:nggl%sbaetvsvg?n the two

bet ween conprising o mat ern a

of SR§85S/ webs ext endi ng bet ween t he two sheets. 3. Tank
accordlng to clainms 1 or 2, characteri s e d i n that

t hé- cel a8k perarding tReglaimsal er 2,07 et oie isad dnethehthe cell structure
| ayatledroforined bofbeaac bleatcherlaydred otirt0p difREch other in a crossing

Co%ﬁ%%bﬁ) %mﬁﬁ{g@l ﬂlgn@e lvﬁfegé B%amme&?e ﬁ?% g on%nﬁlentatlon and

ve one oricentati 0 Rexd
hab&*ahst %E?Xt&ﬁmrhaé(@.a@ﬁther erlﬁm@loap@ﬁmw@& Op&inse etvvwesn the
behesan$ forming aaeteldll.wal | . 4. Tank according to claim
3, char act eri s e d i n that the beamelenents in

twa. di f Tefleatcplianas oaxt 3tch £ackt OtiRRId ahethat itRBeash elements in
I nt\&%%fﬂérgﬁte@?tﬂéﬁ IgfLXE ?(9 Eé(g]n &hep%r%fo?{e%pédy t Wnil\f%%?s{g dtéref:tmns

er prefergbly ‘FarFFV?WSttoteh‘éh 9@&&5 structure forms
rectangul ar or square cell in the cell structure. 5.
Tafik acderlgpegprdiogdp alaims3 ondoehBrahbenicted iiq thad the peams

t hgtdrudthe foeaBedtindgr i deliCinuhe cBR\“@udtufe.Or |
shaped cross section. 6. Tank according to one of the

C| 8 M Pam a@&@&ﬁ%tto RNdinS3,% 6k 5 R alrBR etrli"gege?l?':‘th%tQEQ Beams in the

n1on si de opposite sid

?@m§ qtgﬁq(h%vcecq)}l“cﬂr,{&Iﬁ%e{?rgpsrﬁef Ugp- 2 characteri s
e | at that the cell structure walls are fornped
by®pl at a 3 g tg onp 9f kheelappyd g chd r@ cdighiyed in that the
c hbeat reach ﬁsme ome kide wdihto tharoppofiteosidamtall dfethe edrk.

7. Tank according to claim 1 or 2, characterised in that that the cell
structure walls are formed by plate elements.

8. Tank according to claim 7, characterised in that part of or all the cell
structure walls comprises unilateral and or two sided horizontal stiffeners.

9. Tank according to one of the claims 7 or 8, characterised in that the
part of or all the cell structure walls comprises corrugations running in a horizontal
direction.



structure walls conprises unilateral and or two sided
hori zontal stiffeners. 9. Tank according to one of the

w@b@snel771 or 8, characteri s e d i n that the PEr/NO§05/000232
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or all the cell structure walls Konprises corrugations
running in a horizontal direction.10. Tank accordi ng

to receding clains, chargcteri s e d i .n ,
- Qﬁﬂ@i& PGP ¢ 01i! e drecsdifi B e cliden aj4g 15 ed in that at
vvalltaait bne ot thy inteeseptiohs dttwrenuhe wadlsfoinsiag the cell structure comprises
st i fdi@ninfis Aeper - 11. Tank according to clains 10,

charact erl s edi nthat the stiffening nmenber runs

' n l kra%c&‘aﬁr%qo &511154113(?1%614% %{ &Clts lérde ﬂqlat:hlatsth%g&?iffemng

orne to, carr

t hén‘?f’é‘ibefﬁ'l“ﬁ% & e sofige ﬁsﬁﬁt Oﬁﬁle CFHrﬁEm&EEEW%ﬁ l§gndgs domped to carry
10 the weilght offiireacdlewhlls ard the top pldtatoftietankt er sect i on
conprises at | east one stiffening nenber arranged

abupt i HQahh%chngCR) dhiae 10fortivpc Rdiraeedti€€d lin that the intersection

Str.y g)?lsgs X\(.Bl Ls? é)n%%tlfﬁgﬂﬂ{é ?%1%‘3%?51?%%&% a%lu?t'l%&l% sl%éfa%g‘ side of two

char ra

f orfEgeRhced B@F‘E@l Isend part el ements connected to

the ends of at |east some of the cell walls )

i ntlér sediankgeeardingeto; aiar $8orildnechaga ctanks ed diar dhaghe stiffening

t 0 nfdndhdnid &rrrfdiﬂﬂf}a@d eratBveterd parhelefihtst dbdnesdd R&tie ends of at least

eI %g%gto%t gel %ﬁ Srégf!llil%gte{lrl%q}l }%e}pﬁog L- shaped

r 0Ss sec I on, connec our - cell walls
t th t t d wh , t
sﬁéénnéf‘@pfé%c?oadnéw'ﬂ T 5o b eRar oSt ik Bt ThEERT bart
paretenadnts pre longitedieahglemertheith eveshapadtcross seetion, aidagramnected to
f a%ﬁ@}oaﬂ\ﬁéﬂ ansidtbRec6@hd atvdk |1nteﬂs'§ct13_1@ﬁﬁd KEHPE ﬂie"kgeﬁl@nt is ‘
one 0 ar. a
hEo et PhE AR A EUATE ny O3Ris8T bacr afe Bedhahe fjth the lower

mePBErcd the Lodene £aded revetyaiemttbe toll wablehori ng of t he

internal cell walls. 16. Tank according to one of the
cl dbns 2tk acedrdimctoamie of the grécedinghdeinis, chtarlagdstriond in that

of RdextbiHaEpRdds c‘b%ﬂrlééaée §ra|te°-'fa|sfbn§{§ Hehibesd orc&ﬁﬂl%%d)rpglements for
wth the o & E'{fie% ?13 | ayer of the sandw ch
st Fﬂi‘:]%‘img Stmtle £ S5t the external pI ates. 17.
to claiml16 ar a t t hat
st rfrévg@a ordgigacned the 0{1 }eimﬂaﬁracfeﬁqused in that it at
st ﬂcmst oneo fdlel inteimad wgH walks iext etraturalaohneaivprwigk she outer surface

e 3RSt f| Bfer EHUCIRAG Wi BIE stﬁ'ﬁ'&ﬁf%f t88dcR88e b H%J&Hefnﬂfv‘?lates.

structural connection. . Tank accordlng to one o

t hq pr eqﬁﬂ Qgc&hﬂfl%% cl'gllﬂﬂ GCdn ff z!t ctefi s% d i3 tthlla@{het sl?ﬁctural

external Sef an outer |nsu

oUCTEStioR® §]é‘nHWfélﬁ gERGivie, walh threggl tf&c%?maﬁ&a%l&ompnses
onenaahs férerepneag dithecinal leakagehnhragh theistractra donnection.
that the external plates are connected to and

support Grdnlwcatrbﬁfg t@XiretdMBe phstieaie@nilivhs, ebatradterised in that
St E%Céﬁgriﬁ ?Pﬁ% g&ﬁplggesoeﬂleoﬁér SSYEk8h 1837 QutsPde He¥bdwich
I ne areas” oy way .

structure.

19.  Tank according to one of the preceding claims, characterised in that
the external plates are connected to and supported by other existing, adjacently
located, structural systems at one or several point or‘along line contact areas by way
of elastic links, linear or nonlinear mechanical devices, or pneumatic and or
hydraulic devices or combination thereby.

20.  Tank according to one of the preceding claims, characterised in that an
outer plate of the sandwich structure comprises throughgoing recesses.



of elastic links, linear or nonlinear nechanica
devi ces, or pneunmatic and or hydraulic devices or

w@oovbiooTti on t hereby. 20. Tank accordi ng to oneCDNORINS/000232
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preceding clains, charact eri s28 d'i n that an outer
plate of the sandw ch structure conprises throughgoi ng

e kel RSO, A A B SRR s ar

meAbyerné byreneniter medPrarfankteriecor di ng to claim 20 or -
21, charact eri s e di n that the sandwi ch structure ‘
coBPri s@ank nterrdalg teathaist 2ot Ot ech andct bel seat dstmt dfecsandwich

f oﬁffﬁ&uﬁ% setsl'iﬁ't Fﬂa‘? R S f i g&%}({h?erec‘fﬁgessye%hﬁéfbetween the

f or, use in a t or storing o
fI aea“e% “?:%F e‘g‘tﬂ? RGP conpri ses cel | wal | s,
which cel| walls nmeet at intersections and forns

gr Pd- paltelrsiructipe forcusern adtapk dog stpring af flupbh vhirk ch@strgcture
ar eomprisetcebywpll §tvehieh eelt mtadlswhéd adinteigasiomnmdooans Agrid pattern

t hEﬁ‘égla ctBe; §§Ji r{]}"@lldt tﬁ@célh@zaﬂ? 'ageb Q{ﬁreh"f)g/ F}ﬂﬁ‘{fel 61915 fi‘ts with at least

2

pluralit arrang
ot ABY ORFHAS alﬁoaglé HiShee Haf) 4§ Hiscre Emeoing Celbona Bk“é#ﬂty of beam
el ekeeremnss droanged gndppnif egsh dtheowdth drhependhd invadtivekn thdéifferent
neh 8k Qi &ifs &fhling %ﬁemg@é {hr§ﬁ§ﬁ‘ﬂ{eucre‘ﬁ V@ % ﬁieﬂ%e%}goourmg cell.

claim 23, characteri i n that eam

i npgnhe ?M%Em'cﬁu@%%gﬁg tW' cﬁ{inﬁ% rl! }Y% aacl: taéljllglle d I1 n that the beam

| ongi t udi XIS

neXEmegis Redne; laxgr i3 ﬁ‘éraeé?ﬁﬁvvil@éga%an%ram lﬁngmlpalyams where a
| opgint wdibeahs &xa $ayter arsiierthe first drivecdngaises ibeambevifh their

| all’cﬁfgltuéﬁﬁl Eﬁ's Strahé‘V&Eé Wtﬂe%eﬁﬁgqﬁttﬁg i@ 14 n&ﬂd"ﬁ?nscﬁltylermg is

er.e ns..1 N or s

o repehiedy Famn fhoe,call Wallt whede Bléeaﬁ%amwr& the fugtlaer Tompepart of a
f ofing cpHmalbéndathedremd ivdhd savahtl l4yearfsnes part bbatsheond cell wall

Fi frahsvedd towat hrstm%ﬁtwm RetH AtHhehReGLtioR. 25 Cell
structure according to clalim 24, character| sedin

thag t h@eggﬁ'ﬁ%@{r?g@&tﬁm %X%laﬁme 3:{ ng J t%ﬁqggdc Eg’stﬁat the beam

secti on structure accor o claim

chglemeats hgve aglworgl-jformed,gross peetiodt | structure wal |,

pr efer abl cell wall forned a plate, at |east on
an2@end € ﬁlsﬁ’gc%e peRoBdiggde ickrimi é fodyavea bt R edniprifat the cell
pasttucthenedll, groferstly bf el wgl thienddtyes pREE, @ Mead? on GRlehd facing an

Stf @r% ﬁ)rﬂg %8&&%&‘& th%n eltnﬁl ﬂgrlzéiem%ﬁfafo%%h Fliné the qm{er&ctlon

tha e en emsn 'S a

ed Cross nged .runni ng. a
a1 7 o CEfl ARG HASEARE i LG {HFRE0%1 &' RAEne end par
i n¢lemsatisi olengitudinal element with a L-shaped cross section, arranged running
along all the side of the cell wall which is at the intersection.



