*166166* ‘1 Tank for stori ng cryogenic fluids and nethod for ¢ I{wcgm@g a
flui d WOigmRtomzsek. . T nvention rel ates to BCT/AAROBHPOILY i
storage. Further the memum mmwuuntlon relates to a method for building
such tanks for fluid storgge. The invenfion relates preferably to a
-free-standing tank corrpr|5| ng a base part, a vertical wall and prefer-

oDl Y an AR OB olkboS Al ki SRAAG SRk kY sale e 2

gas of any oh any type. stored produ e fluid
products on a ydrocarbon basis or cont am nat| ng fluids of a type vvhi ch

shoul d not be Ilowedto l0_astra stored fluid also. he

cryogenic. It ﬁ[gle N Bl %W‘beene%%h %@?tesusteo c%n%?%]fn?ganigiuf‘gr st orage

of cryogesiterdgd dF urSiedr ttdrk Prrwitstigeriain yrelateanto naemethodd ti ght

t ank surrqypdequth%dxgugﬂngéﬁ¥gIﬁbfuffﬂggxgté§g% tank. The inner tank is
ot

supported by a_ support structure rest on the tom of said outer,
concent ri cal | y & anged ik r9IRif R o aRaehy 42 arerearsaagddngn t he

i nt elr Imc:d| afat ks At died MRe s issd wt,arw véel eilt efal Bnknd WLekOrLL S

capi |l ary proper-t] es oncr it er | iS not necessari

conpl et el y%tl g BhTh g‘rrt%l a}b%stje% ppRat Pﬁetﬁg(’:gncr ete,
ei ther asmay radsad tbeofa tm GUT gty p:rypmssr ian Yimaidnocf ebhpgt phaseThe as a
result of dioads aEldEAN JP HONERRLL pidiets UIPTE L5adocherdnl of

securing a fluid t| ght wall “in a erent manner préeviously been
proposed t&ESVET B EAHER MY ruidyaf taamé@%wfhl%hn‘élmlﬁhﬁen@brh’ed by

thin, steelllpvaiceso jq@ nesttngether .sNQRatfNii Speey faTabiwa No. 310. 699
descri bes ar stor.age tank for cryogenic liquids, in particular lique- fied
gasses such Y8 ING" The storage tank conprises an inner tank and an outer
tank where at |ldadtas hpgrdvimersarleen skrrmrdeirﬁ woncceteretieatanksufati on

mterial s g plocad chglypan e side sl s and hollomstgustyre: of (he

tank. The inner, tank consi sts gas tight concrete,
prest r essiHg Fapirese s drl bre %s‘l'sutrﬁgﬂefserrr@%réiﬂa e 2 nconcentrlcally

arranged. outer tank. The inner tank is supported by a
support structure resting on the bottom of said outer,
concentrically arranged tank. Insulation materials are
arranged in the intermediate space between the inner and
the outer tank. Due to ite capillary proper—ties,.concrete
as a material is not necessarily completely tight. Further,
small cracks may often appear in the concrete, either as a
result of the curing process in the concreting phase or as
a result of loads acting on the concrete. Hence, there is a.
need for securing a fluid tight wall in a different manner.
It has previously been proposed to cover the inner Wall of
such tanks with a membrane formed by thin, steel plates
joined together.
NO Patent Specification No. 310.699 describes a

' storage tank for cryogenic liquids, in particular lique-
fied gasses such as LNG. The storage tank comprises an
inner tank and an outer tank where at least the inner taﬁk
is made of concrete. Heat insulation materials are placed

 between the side walls and bottom structure of the tank.
The inner tank consists of gas tight concrete, in which
prestressing cables for prestressing of the tank are in-
stalled. The cables are to be posttensioned subsequent to

" cooling of the tank. Further, at the exterior surface of
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stal led. The cables are to be posttensi oned subsequent to cool 29gNe¥ 2008e
t ank.wBuoet®i2svat the exterior surface of 111111 | IRGT/NQIOF0R0F$Y v/ || v |
L1 T *G00002* 2 9 NOV 2006 WO 2004/ 0012. 80 PCT/ N0O2003/000188 ..2 the
inner tank a liner is arranged in order to collect pos- sible | eaked |iquid
fromthe interior of the tank. Such 'solution requires further a pipe
systemfor circulation of gas, installed between the liner and the
ext eri or tdfe timex rireark taankingn g derrgaged olmonider possoblectepkage.

~Further, sqawqe%s@wﬁl&'fm%ﬁ&m@éeﬁ&p%@n@hé Sta@k!agged in the
wal | of the inner tank, whereby the tank wall can be cooled down prior to

filling &fOIL%GQ%tIEFQWere% %krt%lf VRGP HRE PRYSHR™ St FHEGEEBRIRE. o£42 144
di scl osesyass, t:arﬁté]olrecstmmmftm g 1ye podthdut et éxwrﬂsr dhethank

compr i ses 1L | ingr, L ank Apd anoutel dank ol soncrete. Lpsylation

material s"are pla Ween the i nmerc an The wal |
of the oltugrthemk 4 Limalesvitemprist ressedlaomt e %m@lo‘bbamtlrn.her fixed to

the base gialifyedfid hend apke1 The dnderntankedsk n&ﬂ%@éb@ﬂth@ﬂ@éﬂh' n walled

barrier in_the formof thi teel plates -_t el as | ayers 1 ntended to
corrpensat‘“@‘]f]orcaﬁbs%‘? lﬂ%’]&%t AR I RIT-VF TR iR @ LFS%% b‘}t?eFrﬁér ature
vari ancexappearing when filling of LNG A |layer of |nsulat|on is further

e ank stk iR dp el LA é&ﬁ#f@? BEndAka¥eLhy alecfEREL N the

i nner tank has The T hner
barrier dmhk h@lpl%ﬁce*saqe)rcrﬁ gl gihey bumfa‘ft el kel dadeTlod ‘aanhl um ni um

al 1 oy. Thedgwededadd e M0 8Sarks NOR- St SUPDOK td PacbhbPeal | structure,
supporte% he i nsul ation | a er I acﬁgﬁ bet ween the. i nner and the outer
tank wal I'PSWRHEP Rafidd YA o' e RRF eRPEr tBRde of the

out er commﬁze wmilt wiﬂParkwltwﬁpbcmfltlaélmmté\b tdnB4ils 882dshoews a storage

Lank for SIUAgENSd | s e d a0k 4o pnowt dedt 1h an. Loner pgapar et e

wal | and a menbrane " arrang out Si dé of AcFet e
wall. A |Q3fyéqrhebftamlgu|'ﬁ1¢ olner tank is made of an inner thin walled

barrier in the form of thin steel plates - two elastic
laYers intended to compensate for possible contraction or
expansion caused by temperature variances appearing when
filling of LNG. A layer of insulation is further placed.
between the inner tank and the outer tank wall. In
addition, the inner tank has a base plate formed of plates.
The inner fluid tight barrier and the plates forming the
base plate are made of an aluminium alloy. The inner wall
is made as a non-selfsupporting thin wall structure,
supported by the insulation layer, placed between the inner
and the outer tank walls. A thin liquid barrier is
installed on the interior side of the outer concrete wall.

GB Patent Specification No. 1.341.892 shows a storage
tank for cryogenic liquids. The tank is provided with an
inner concrete wall and a liquid tight steel membrane
arrange outside of the concrete wall. A layer of insulation
materials is placed outside the steel membrane. The
.exterior of the tank is covered by steel plates.

US Patent Specification No. 4.366.654 shows a tank for
storage of cryogenic fluid, consisting of an inner liquid
tight tank of steel in the form of a layer of steel plates,
a surrounding concrete wall having an L-shape and a layer

of insulation materials arranged between the concrete wall



‘materials is placed outside the steel nenmbrane. The -exterior 23 NONe200&nk
is coMPaIBeel plates. US Patent Specification MET/MNOBEHIEIEE shows a
tank for storage of cryogenic fluid, consisting of an inner liquid tight
tank of steel in the formof a layer of; steel plates, a surrounding
concrete wall having an L-shape and a Iayer of insulation materials
arranged between the concrete wall 2 9 NOV 2006 WD 20114/001280

PCT/ N0211%18/ 208488 Afd 1an 2&XEHIRS| PUdeTanged . dnisrdseihe owsede t he

outer cononetet wakla,llf atflaragntghEtHeayL%ryle dfnsluisaiﬂawldfﬁtrﬁa{ﬂ@b?ar@” an
insulatio n 0 nn r of |nsulat naterials in

t he fornrongo yuret ane fganr S arrange
in which MRESFhAGE @ankhewébkﬁl§ﬁﬂﬂm§MMTQﬂMamqﬂﬁﬂams Iimaﬁfamgﬁmated part

of the wall wrbk s@Bhr B¢t Jheavi %oqlaeclto%ﬁt harﬂm&dr{r SRS £ uri ng

filling of LNG |ntothetank A _resul contract nore
than the FAsdl &Fi BR9Sr PAngddl sdesiEde dpetWQﬂﬂn94Q&ﬁq Papghsefuere |y, the
support oﬁaWﬂhwsllpaoht@éctheeWMﬂlymdda he reducedand itenPd fofE-£ases

wll be i gt | npartd r hQ tran tron one. betmeen t he
i nner bas§9§ §§e§ EgaPﬁeOanér E%F% thﬁ %E ﬂ$§4ﬂ < %l%ay al so
cause crabRihgvdilt aentmact walle. tAahumbﬁenn@m$Mmmdn\ﬂﬂﬂhﬂj&ﬁprlor art

sol utionscohgsitbabrt bgel kAyhd hight cbhisaqhanen pald al be: dgnrged,
for exanp?e when exposgd to forces roﬁrggrthqgakgge Eﬁ&%ef%al # g

i npact or PRRE Pka”eAWFu#tHé#ldpﬁwﬁﬁé%cﬁﬁyaﬁé e egdSeneEs sEorwill
Constructbennonnepastéﬁu|aFnSpaQﬁltugbd r@ﬂ@l&Qﬁ%&&%ﬂ%ﬂ'&oﬁé)éééwgéﬁss and

safety hayg_to t obj ect the resent invention is to provide a
t ank solugﬁon e ?ﬁ?ﬁafrnﬁ ﬁ%gt% ﬁé &P&ﬁgagﬁs “of? b$E gteadft sol utions

and at theosame Thie aahre&sngcau@@scraahdngonﬁinﬂmﬂrumneﬁ1h&mu_ve sol uti on.
A further Obleﬁtfh§t59r BEQMb?%kaw§QEULh@n ?ﬁoghaaklgkﬁﬂﬁﬁfﬁWbﬁtat | east

reduces, he ossr l'ities of cracking of e li .and/ or
exposure bfeth %u%éﬁukﬁlFlgﬁﬁetéﬂPeéP§°5r@aaéhﬁéﬁ@dmaﬁeh°eﬂaMﬁQWd

provi di ngfer emhhplbaskepl akpoged teprsteuet Eremas Wl defined in
external loads, impact or the like.

A further drawback may be the cost level for
construction, in particular since rigid reguirements both
to tightneés and safety have to be met.

‘The object of the present invention is to provide a
tank solution eliminating most of the drawbacks of the
prior art solutions and at the same time achieving a cost
and construction effective solution. A further object is to
provide a solution which eliminates, or at least reduces,
the p0551b111t1es of cracking of the liquid tight wall
and/or exposure of the outer wall.

The objects are achieved inter alia by providing a
wall, base plate and top structure as further defined in
the claims and in particular in claim i.

‘Further the objects are achieved by means of a method
as further defined in the method claims.

From a principle point of view the inner wall element

- and the outer wall element of the inner wall is designed to
take the forces acting on the wall, while the intermediate
wall element forms a fluid tight barrier without
substantial load carrying capacities.

When filling a cryogenic liquid into the tank the



the cla and_in particular in claiml. Further the gyﬂﬁ éﬁﬁd
by neaﬂg)%*“%"ﬁ@thod as further defined in the nethoﬁptpgé%gﬂmﬁﬁ

principle point of viewthe inner wall elenent and the outer wall elenent

of the inner wall is designed to take ?he forces acting on the wall, while
the internediate wall elenent forns a Tluid tight barrier wthout
substantial |oad carrying capacities. Wen filling a cryogenic liquid into
t he tank theuddot Ngivt 208961 woeme0#/ 091280 PCEfRDéb@S/Q@OI@&e4oﬂﬂuhxht|ght
wal | e|e”E§ﬁeeM§'SP ﬁieéﬁé@@|Ytbﬁd§a€8 ebnt bRt ﬁeggt%h%% NS r Lends
to contract nore i e_inner concrete wall elenent. Hence, e 5 nner

wal | eleneﬂ?nc¥%FEtV6% §ieHeREst FEPRE- beetHBnFFuW&lﬁlﬁﬁﬁmﬁﬂq el enent

whil e the fhwntdibhghtswal kestement €xertheafpuast t&@ﬁtngralﬂor&%n@?i@ t he
i nner wal | h pk Ls-fli iLth a cryog enlc | i

Furt her, b%f%fgﬁga?ﬁ@fﬂl& ?fggélgh;%téggﬁgPﬁgg%g &F ﬁa qu’ﬂmctlon
as a proteﬁ@I@ﬁ onbp the iLabernwdilatelfmand WhghtthaltaQMeamnﬁi1ﬂheiouter

val I el emegitmi 4l cp QégﬁichEauﬁﬁe Fhutdeti gBbrwakheelignRat ,-and the inner
wal | el ement for ex grna ces and wll in addltlon t ake

I 0s
pressure fore8sFndd eHhﬁngﬁgB Héﬂﬂeﬁ e@FthéuPﬁﬁkonlPSSWOEQ9Qﬁ9q%Wbd
that the taok ah601nsesmeﬂedtéofluddfteghntwalmeelémpea ofrhst @fa@es, such

onvi ron merest HellenERRRLE prBr ot POLACHRECETHAR REHNRAT cdomey
tenperatur@ndEE%@n%FaﬁlcHéﬂéc?é?N@ﬂtcéOfoﬁxtﬁén§éﬂwtﬂ@@OQ@doﬁdmn@s to the

present i nygatyomi mey Qedltleﬁttau@15§es9ﬁr€atgkbégslmgas@d R of
expensive materials_- ectkve exploitation of the strength of cheap
material s. C%PE?%Fe?FeH Enﬁﬁa ment of the present invention will be

descri bed in derai Ehbeldwoer abeed hgztothbetEhguadso Whkerseiited for
different other types of storages, such as storage of fluid
exposed to a limited pressure, storage of environ-mental

detrimental fluid, or storage of fluids having a high
temperature.

Essential characteristics for the solution according
.to the present invention may be:

- . optimum use of materials

- minimum use of expensive materials

- effective exploitation .of the strength of cheap

materials.

A preferred embodiment of the present invention will
be described in detail below, referring to the Figures
wherein:

Figure 1 shows a simplified vertical section through a
tank according to the present invention, used for storage
of cryogenic fluids;

Figure 2 shows a simplified horizontal section through
the tank shown in Figure 1, seen along the line 1-1;

Figure 3 shows in detail a detail A, indicated in
Figure 1;

Figure 4 shows a way of welding two adjacent edges of
adjacent steel plates, for formation of a fluid tight

~ barrier; and

Figure 5 shows a preferred method for welding together

the edges on adjacent steel plates.



Figure 1 shows a sinplified vertical section through a tank ac N9

the pre¥OR{4N®WAti on, used for storage of cryogenic Mung“mﬁﬁiﬁng 20%)
shows a sinplified hori zontal section through the tank shown in Figure 1,
seen along the line 1-1;, Figure 3 shows in detail a detail A, indicated in
Figure 1; Figure 4 shows a way of weldirhg two adj acent edges of adjacent
steel plates, for formation of a fluid tight barrier; and Figure 5 shows a
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freestandl%g§gcéﬁgﬁgrlcaﬁnpgﬁkc}g 19 g %l kéﬁjlnﬁﬁe mnar fiwid tank
"11. The |nﬁé9htluaﬂk ﬂdgh@mpanbeﬁlac®HBE|@éaL@ U&S&a@ﬁﬁﬁgigﬁréstlng on a
support 13subgbtbena.t ke fark. 1%h%0%85'8§§ RO M e of
Fhé' téﬂ% Maks a

prestressed concrete and an up
concent ri cB28§t 8f Péﬁ%trféSﬁﬁdéoéprﬁﬁésﬁﬂés§@dU@mﬁﬁr¢K6>JIhe out er,

concentric tankFueohpti, seﬁeataa,&ec@ restd fao%@(;ll%@nq:r}lqs | aygr. ,0f. atg;Hr}{aveI on
the ground; sTh an8? %g de o r@ges igssed concr et e. ank 17
conpri ses 3 cy |ndr|c 8?3? ware e Sn8“ﬁGIVeK¥¥¥%%W§F1&pWEﬁd@

supportlngCQmﬁéh%e§hapéaSﬁopﬂategl7Tﬁeundadreheapua@@ribf e wnpeyn dome 19
and the wa i h n d.qu k_are.rei nforced, '
the gddudf. | PnbhBaknel-200;Quhehe! B0k L8 L ALY Col v are o

preferably grestressed I nsulatton materia
arranged ih ?hEa?hté?nEGWBFéS§EaéeCMé@Ré§hCﬁﬁeCpnﬁéetﬁambllll8and t he

outer, coneeténdtngankrtbcaSuohupngubiali eipphRtehical MRYD jiter The
support 131%0r the i nner tank 11pnay p?efe?gbly bg forne %QB%% ob1

circunferentially arranged base 21 nade of wood, the vertlcal cylindrica
wal | 14 bei ng dThecebypcrstpppiaed by,thhecuppaﬂfdbm@tu@|bhdaﬁh%nﬁ%Ql%ase

21. The bagerpl ghecde Ohntheatank, 14, "By, koL §Xa0ple rcegade of
' preferably prestressed.

Insulation materials 20 of any suitable type are
arranged in the intermediate space between the inner tank
11 and the outer, concentric tank 16. Such insulation
material may be pearlite.

The support 13 for the inner tank 11 may preferably be
formed by a circumferentially arranged base 21 made of
wood, the vertical cylindrical wall 14 being directly
supported by the ci;cumferentially'arranged base 21. The
base plate 12 of the tank 14 may for example be méde of
plywood and may for example have a thickness of 200 mm. The
base plate 14 may be supported by a number of parallelly
arranged beams 22, e.g. 2000 mm x 1000 mm. Centre to centre
distance for the beams 22 may for instant be 12000 mm.

-On the upper side of the base plate 12 a fluid tight
barrier 23 is arranged. According to the embodiment shown
in Figure 1 the fluid tight barrier 23 is made of thin
steel plates having a thickness of 4 mm.

As indicated in Figure 1 and further shown in Figure 3
the inner, vertical wall 14 comprises an outer 25 and inner
24 structurally supporting wall element and an intermediate
fluid tight barrier 26. The intermediate fluid tight
barrier 26 is joined with the fluid tight barrier 23

resting on the tank base plate 12. Said joint is also made
fluid tight.



pl yvvood and may for exanple have a thickness of 200 mm The %@%I@Bﬁa 14
may be“ghﬂﬁépwéﬂ’by a nunber of parallelly arranged bepwe282/00@sg. 2000 nm
X 1000 mMm . Centre to centre distance for the beans 22 nmay for instant be
12000 mMm On the upper side of the base plate 12 a fluid tight barrier 23
is arranged.. According to the enbodi mént shown - in Figure 1 the fluid
tight barrier 23 is made of thin steel plates having a thickness of 4 mm

As indicated i ThEi ganedltagttf !d)l’afrlirarérS@(EWﬁralyn flaxglér:»&nfplé he IS orertical

wal |l 14 c [ r .2 i_nner. tru ra pporting wal
el enent aggml fﬁ%ttgrgngéﬁgfeg %19 %E’etrr ﬁrjrtongar | erp‘i’f’% ﬂﬁj\é t‘%’ %%t% fluid
ti ght bar£l8id26igstj st -wrhle tlként! mag tﬁghﬁmhﬁﬂﬂlenuﬂ%uﬂﬁﬂﬁdl@hOn the

tank basecphatgtinaSaindnheirNt The ak ”%‘%ethfl t NOV; 2006 WO
2004/ 001280 TR 0300 S0 Tt 188 s SRRt i %Le ag{j‘raé:r 2z“a%yf‘? or

exanpl e bE*ABHES0PE PRPH PPafBs FBPnéﬁpﬁéggpﬁeP altérey aduesplaft &heiges to
forma fhetdlt pghtegsomay. thea pei benfaynbe foaded &d@@tﬁ%ﬂt abl e,

conventi o e s.of _t netal . pl ates exanpl e be bent
up and th%ﬁgegggeeﬁalg Spﬁzggdg s? Qltﬁgn ﬁ@@al F&tgé n&? H5ifist bent and
f ol ded to@@gﬁ her. APependehtelipoanther chriagdiolfi mattehe sddges My thes wel ded
t oget her. pspdeRhaUpONLEN i teria h l,at e nmay. optronally
be gl ued I’F%‘%g E a ? bk gltﬁgra gg’ gfth@ I'n Lt ;ef ?L(?Feh%(t')r C&ES He S?aéf es

partly ovel bcﬁnaotﬁéh BBEI9la§PﬁePaFFéMr@Vsréﬁ@w§nﬁnt@@@aﬂppd&sect|on at
t he Iomergbnd of the wall 14 in the inner tank 11. The vertical wall 14

rests on arin am 21 ref er abl de of d At its |ower end
the verti cal gféa%gEg QE?8§| B4 H % i %SE?%SHtﬁF alLOfiegt €15k er abl y
steel . Thehstwellpl4tén bREemdserntenkhélrnﬁhe vamk ithlamdlils 1vi a an

expansronréggg oﬁOaCQBﬂécfégmébubgaﬁ'Qﬁt b?ekggaggg'%ahﬁg%% Q%IEfe]“vall 14

resting on thf t ank g ate 12. eclf vertical
conpri sestaf +ANEF §P UEP r&?F?lEﬁprP% ng? &l Prervéfest wiszhamd an outer
structurambylsuppaltmegal plate, preferably steel. The steel plate

extends into the inner tank 11 and is wvia an expansion loop
30 connected fluid tight to the fluid tight barrier 23,
resting on the tank base plate 12. As specified above the
vertical wall 14 comprises an inner structurally supporting
wall element 24 and an outer structurally supporting
element 25. A vertical fluid tight barrier 26, fluid
tightly joined with the plate 27 forming the lower end of
the vertical wall 14, is arranged between said wall
elements as an integral ‘part of the vertical wall 14. Iﬁ
order to secure adequate transfer of forces from the base
plate 12 to the vertical wall 14, for example caused by
contraction of the tank due to cooling the content down to
cryogenic temperatures, vertical ring shaped plates 28,29
made of metal are welded to the lower plate 27. At least at
their upper end of the plates 28,29, securing embedment
means 31 are arranged in order to secure transfer of loads
and forces into the concrete wall. Said embedment means 31
may preferably be arranged at different vertical levels.
Ductility and fluid tightness are the most important
properties of the intermediate fluid tight barrier 26. In
particular ductility is very important if the fluid to be
stored 1s cryogenic. The fluid tight barrier 23,26 should
be made of a material which may withstand the fluid to be



element 25. A vertical fluid tight barrier 26, fluid tightly jeo N&Y 6 n
the pl¥PSPHUBONi ng the | ower end of the vertical V\%QT/N%}"W"%‘”&*Pranged
between said wall elenents as an integral part of the vertical wall 14. In
order to secure adequate transfer of forces fromthe base plate 12 to the
vertical wall 14, for exanple caused by contraction of the tank due to

cooling the content down to cryogenic_ tenperatures, vertical ring shaped
pl at es 28SIPrathddlhe THReS fF clakedbaltBay hEoT odkamplat Be2metad | east at

their uppey sk, offdﬂtetrpé@éﬂs r@§d@9®fsﬁﬂ?uétéglﬁﬁpﬁgg€ﬂb mABaRS a3k are
arranged |&n order to cure transfer of, gﬁ% jE)and farces into the concrete

wal | . Sai S3qme §aﬁ?§fépa grgr? ngB8*¥r &Fferent

verti cal Ievel§ignnﬂl4|$hbwwmhfpneﬂerrghtﬂegsoﬁrestbblmehﬂngnppﬁﬂaﬁm
properti e i BIBALA e foULGSLLORE DALLY Ch128es] NrpRaLtifeul ar
ductility 1 ver |rrportant ift is cryogenic. The
fluid tigddss i R eRWIdY ape Waddedf tadaaheri at: #PcRifderfinthst and

the fluiditd,des P NAIML096 2 V200441804 2861 RCA/ N@éﬁ@%@@@lﬁ% Leagt Or ed.

The types of material may for exanple be netal plates, for instant nade of
N -steel, 3%astlc materials in the formof filns, membranes in the form of
epoxy, etc. Fﬁgﬂnﬁrespdmﬂmn@&premermedemayank esmpbiSSEiagbasblwhitdigﬁu

j oi nt betﬁoge&gﬁer ﬁmlétezgt P{Qtﬁﬁgsghgnﬁygﬁe £49gs ; @rsgﬁg Sypwar ds

and wel de at two different neans of "a € uous
fluid tightlielalitRpisedmuaureor fesperarngeyltheheufermt afikacdope s8s a

base p|at%_ﬁ¥uhdgﬂéd(éﬂn@ﬁ||s At its upper end the tank is equipped wth
a roof structur f exa the formof a do a truncated _cone.
The function ofﬁtehegt r@t‘ﬁuc&‘?aﬁ“ﬂ}%uﬁﬁﬁ?ﬁﬂﬁ VI SUBPEMEAT 9243 t o
protect t heel amearbr atve stom | paolise@ndthe npanbsahe obhroinel sbdsedntl ui d and al so
Lo form supRilded ofod NG IBODEADE 15 BAChECHLI B0 vhe otﬁethg 1 Foioo! ed

down to Cryogenl c tenperatures, TheUStc ardstragt tra
par ti cul arthsakeenfpransadsimnee ¥ ot eebaandhshobhg fluid 15 cooled down

to cryogenic temperatures. The outer structural part 24
shall in particular take up loads and forces and should
consequently be prestressed. The wall should in addition
preferably be ordinary, non-prestressed, reinforced. ‘

Dependent upon the fluid to be stored, the membrane or
the intermediats fluid tight barrier 26 may be formed of
plastic materials, such as plastic sheets or a layer of
epoxYy.

The outef tank 16 may also be equipped with a vapour
barrier of a thin plated material. The vapour barrier may
be arranged and fixed on the interior wall of the outer
tank 16 in any known manner. In an alternative embodiment
the wall of the outer tank 16 may be constructed more or
less in the same manner as the wall of the inner tank 11,
thereby providing a inner layer of concrete, surrounded by
a thin plated fluid tight barrier, applying the same
principles as described above. The outer layer is then
concreted and prestressed. It would be preferable if the
concreting of the inner tank wall and the outer tank wall
are performed in the same slipforming operation, although
at sufficient different levels to enable mounting the
intermediate metal plates. _

A preferred method of construction of a fluid tight



consequently be prestressed. The wall should in addition prefer2® NOVO200s
or di naMP0 2gM1Eskest ressed, reinforced. Dependent uponpChaobkbuwsiodorise be
stored, the nenbrane or the internediate fluid tight barrier 26 may be
formed of plastic materials, such as plastic sheets or a |ayer of epoxy.
The outer tank 16 may al so be equi pped Qith a vapour barrier of a thin

pl ated material. The vapour barrier may be arranged and fixed on the
interior wardk aff threoutersed andndbete By knomwmgeaofiefluidin, an alternative

enbodi nent I out Kk b i re or |less
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i nner | ayACHIrEGHE I eSudurempedeny the twamk prfafediseai dnt Akt cbaeri er,
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sl i pf or m ropsperatventicdl hoalgh ohtcondEfetts emd dipféEerablleurnl spperenabl e
nounting t internediate nmetal plates. A preferred nmethod of construction
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prestressed contrietlelfora stepiabed of s feomesrUche@f epabryprenrybheni c fl uids,
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in any case_ _an inner, fluid tight tank nmade o restressed concrete, for
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verti cal wgfﬁngggﬁﬁg?d%€§2%5€@ﬁgﬁ%n9§%ﬁ%?%tg%%é%r%#E?QEP§E%§§neans of
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r ei nf or ced ¥R St herBiTY. Fihehl the FH9Y *7Ght Shat Pr eFT28RI5Fr BRg&l®on t he
exterior of said inner structurally supporting element 24

is installed whereupon the outer structurally supporting
element 25 is reinforced and concreted.

The lower part of the wall is erected on a foundation,
the lower part of which comprises a base plate 27 of steel,
an inner and outer steel plate 28,29 extending along the
inner and outer circumference of the wall and fixed by
means of welding with the horizontal base plate 27.
Further, the lower end of the intermediate thin plated
fluid tight membrane 26 in the form of steel plates are
fixed by welding to said horizontal base plate whereupon
this part of the wall is reinforced an concreted.

Preferably, both the inner and the outer structural
supporting wall elements 24,25 are concreted by means of
slipforming or jumpforming.

According to an embodiment the inner étructurally
supporting wall element 24 is concreted at least partly up
to a level prior to starting the process of installing the
intermediate fluid tight barrier 26, whereupon the
intermediate fluid tight barrier 26 is installed at least
partly up to a level prior to starting the process of re-
inforcing and concreting the outer structurally supporting
wall element 25.

The intermediate fluid tight barrier 26 may according



exterior of said inner structurally supporting elenent 24 is i ﬁ@%
wher eupEM 2448038 er structural ly supporting el enent EBTu\Ei)znm/qmzfgsced d
concreted. The lower part of the wall is erected on a foundation, the

| ower part of which conprises a base plate 27 of steel, an inner and outer
steel plate 28,29 extending along the Pnner and outer circunference of the
wal | and fixed by means of welding with the horizontal base plate 27.

Furt her, the dowembedimefitthe Entmededfatkithsheplapédtefl und thiegftorm

renbr ane 25! Nohdesformof asiesk-phatassare: ol ! xedabyueldi natocald

hori zontal base pl ate ere g IS réinforce
concr et ed. 1Praf e hbfyl Bé?h“?ﬁearﬁﬁéﬁ Re exeesLPEr o8t thet dnaler supportlng

wal | el em@tﬁuaﬂuﬁémyesﬁpp@r:etﬁg bk{lmﬁ‘émémeﬁt Shugéaéﬁtn@d@fesj Wipfayam ng.
According ural PHE %rtln wal | el enent
(0]

to a uc
a1 s concrBrahs BerBacyeparl s thed ETEIER plr g
process ofstasta¢f|h@etheundmngrand|ueédihglprbcghs bérmherszéelmhereupon

the 'ntergﬁgé@éem£§UgéaEtggﬁeﬂaEBh8£e€§n oEn§B§|?ﬁﬁe§t35§%§ tﬂ%ﬁtly up

to a level prior to start cess re- orcin concreting
t he outer §%¥hc?h?@$m95shﬁﬁo??ﬁﬁ@edmélFeétéhﬁnFGQShtTh§lPﬁﬁeﬁﬁedﬁate fluid

tight barrégpe2befbyhatCeondi nglaln%\q)zeteéégoﬁizﬁg E@&h@?ﬁoqgh%@rlkg%}é\m 200
nseggaesm orm O on
ré

1 1 f t
Sheors dotros BREorl SRE oI faobablhaar s b &2 AtRE R AR her FoSToRS oo

around t hetkextetaont of tshépfnneingt puciumpEbymsupporft ichg waltlkerel enent,

adj acent edgeseoh-LhCausPset snhel,0g: el dednt ogether ha fanmadti ht

barrier. start g rocess o € st eel
sheet s naypg@@?§8mﬁénthanéteﬁﬂnghéﬁtﬁh@orﬁner 6pPoiBi F§MPAEItiedel ditent s has

reached a §Bbuadnbéeapbtec§aﬂ@@ thatSan X@@@peﬂnt Batnt E@n\é%%&@ process
will require | onger t hat tHe sllﬁaornln i S cqnvenient to

post pone PhBCS? th8?T§IP5f8Vﬁf §%r °{-Ufpf o ég8p Wﬁé 8uF§Hu1§¥?ﬁ%tural
supporti ngstwaptjelietrent until the wel ding

According to the embodiments'above the structurally
supporting elements of the inner wall is made of rein-
forced concrete. It should be appreciated, however, that
that said portions may be made of a different material,
e.g. in the form of a load supporting wooden structure.

Further it should be noted that the tank may have a
different cross sectional shape than the circular shape
shown and described in connection with the drawings.

In case the stored fluid is not cryogenic, an outer
tank 16 may not be required. The tank may also have other
geometrical shapes than the cylindrical shape.

Concrete as referred to in this description, may com-
prise reinforced (conventional non-prestressed) concrete,
prestressed and/or posttensioned concrete. Also multi-
axially prestréssed concrete 1s included in this
definition.

In the disclosed embodiment a cylindrical tank for
storage of cryogenic fluid is shown. It should be
appreciated, however, that the tank may be used for storage
of other types of fluids, such as environmentally
detrimental fluids to be prevented from escaping to the
environment, fluids exposed to pressure and/or fluids
subjected to high temperatures.



process of the steel sheets.nore or less is conpleted. It should be
appreci ated that any stop in such concreting process should be avoi ded,
since such stop would require a stop-joint. According to tp8 EiWM@MBneENt S
above woeomtngd ural |y supporting el ements of the i pagmnd¥ehdoohiggnade of
rein- forced concrete. It should be appreciated, however, that that said
portions may be nade of a different material, e.g. in the formof a |oad
supporting wooden structure. Further ifgshould be noted that the tank may
have a different cross sectional shape than the circular shape shown and
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pressure and/ ornll Wigdst BEHREES HO virgh danpenat Weshe AN 2086 WO
2004/ 001280 _PCT/.N0OZ2003/ 000188 10 It Sr}%‘él d further, be notedq that the

i nvent i on"Ps In6t e PR 101G LT FRANG Y SATHhAHITR WHag VIR Y ank may
as such have taby esuintaala e rshagres irfgurfichergtitdre dfankcays mat mesessariny only
be used f%%e 3%3%%9e of fluids. A tank according to the present invention
may al so be used as a roomfor inplenenting rocesses and/or carrying out
reactions. The Thsi il Wet islarhtt h@lﬂeret]ietﬂ@lntpa"ré) Y tFRCITERE thghthe wal |

el ement anpd dhe el BRI Basendaldr M- aE &YW an alloy of
several metals. It should be noted, however, that such
material may be of any suitable type. It is of importance,
however, that that the choice of material is such that the
material is both ductile and fluid tight and made of a
material which may withstand the fluid to be stored in the
tank.

In the disclosed embodiment the tank is made of two
concentrically arranged separate tanks. It should be noted
that the invention is not limited to two concentric tanks,
but may just as much be formed as a single tank. The need

for insulation depends on the intended use and the
temperature of the fluid to be stored and/or the ambient
temperature.

The embodiment shows a large tank. Also smaller

volumes, e.g. down to 30 m®

may be suited.

Further, the embodiment discloses a tank having an
inner and outer wall element 24,25 made of concrete. It
should be noted that at least one of said two wall elements

may be formed by a different material, such as e.g. wood.



sui tabl e 'shape preventing formation of cracks.or rupture in the joint. The-
fluid tight wall elenment 26 may according to the described erfdowenys be
made of Ni-steel or an alloy of several netals. It should be noted,
howevewo tooavoizsich material may be of any suitabl e typeNokéosiosy18s

i nportance, however, that that the choice of material is such that the
material is both ductile and fluid tight and nmade of a material which may
~withstand the fluid to be stored in thél tank. In the disclosed enbodi nent.
the tank is nmade of two concentrically arranged separate tanks. It should

be noted that the invention igef@elhddd@tbéoitgoltoncentric tanks, but
may just as nuch be fornmed as a single tank. The need for insulation

depends on the intended use and the tenperature of. the fluid to be stored
and/ or the anbildnt Emespertindiong Thenlenbodi ment shows a | arge tank. Al so

smal l er volungs, e.g,,dowy 930 ney,pe suited. Further, the enbodi nment
di scl oses. a tgﬁk ha&%ﬁé an i%ner %ﬁ% od%er wal | el enment 24,25 made of-

concrete. It shoul Pdee it that at | east one of said two wall el enents
may be formed hys a diddeieiionBt®r ithe Bucdr asleiqg. tighd. t2nf NOV 2006 WO

2004/ 001280 P 2003/000188 1 Reference nunbering list 10
Free-standingcgéae ggsﬁ?ﬁﬁéfnﬁ%ﬁ W?%ﬁt tank 12 Base plate 13 Foundation
for the inner fluid Yppgt tamk 14 Vertical tank wall 15 Upper top 16"

Quter tank 17 Bgse %@E%roitf‘arﬂyt er tank 18 Cylindrical wall in outer tank

19 Donme shaped cal otte nsul ation 21 Ri ng shaped base for support of the
i nner tank 17 Base plate in outer tank .

18 Cylindrical wall in outer tank

19 Dome shaped calotte

20 Insulation

21 Ring shaped base for support of the inner tank
wall

22 Wooden girders form the foundation for the inner
tank

23 Fluid tight barrier on the base plate of the
inner tank

24 Inner structural supporting wall element of the
inner tank wall '

25 Outer structural supporting wall element of the
inner tank wall

26 Intermediate fluid tight barrier in the inner
tank wall

27 Steel plate arranged at the lower end of the
inner tank wall

28 Lower, inner, vertical, ring shaped steel plate

29 Lower, outer, vertical. Ring shaped steel plate

30 Expansion joint

31 Anchorage means

32 Fluid tight, continuous welded seem



wal | 22 Wboden girders formthe foundation for the inner tanE 2@

tight barrier on the base plate of the inner tank 24 |nner du Q\Grz 6
supporVPrYo4n180el enent of the inner tank wall 25 OH@EUNSimsIGINISHAl
supporting wall elenment of the inner tank wall 26 Internediate fluid tight
barrier in the inner tank wall 27 Steel plate arranged at the |ower end of
the inner tank wall 28 Lower, inner, ¥értical, ring shaped steel plate 29
Lower, outer, vertical. Ring shaped steel plate 30 Expansion joint 31
Anchorage nmeans 32 Fluid tight, conttnuodsiwel ded seem 2 9 NOV 2006 WO
2004/ 001280 PCT/ N 02003/000188 12 CI| ai ms 1. Tank for storing
cryogeni c _fluids, conpr|5|ng a tank (11) having a base plate (12), a
vertical vall (CERk &RF Shafaabisyerenishefluios { 1)mptheitank tad)’ bei ng

provi ded (witt) hlﬁvfllrig & toght rﬁaertré er14) 26)a waeﬂ-eﬁw%ff gioyedygfluids
fromescalng of the tank the uid tight arrler
e

pr ef er abl r?é)dud}rpec:%tﬁ’p @lsﬁe'dtrﬁﬁaqan]bl gt e, Peing p¥owedede r | z
edin thanlqhhea \fé.rlillcbajlgm:l |ba(ﬂz43)er C((ﬂmrlmesvéﬁtiﬂmelfhétéwﬁékﬂm ly

supportin lds t N outer ctur waII el enent
(25) and %t \r{lﬁgtd t her%?qeréséza&%hﬁ aqb:fr g)ltgrt (%j }y glrir))a(’ngéggbﬁ ntt @R i nner
(24) and PhRers@rer! 2(625)pr5ﬁ4ﬁ}tﬁthiryalh%rsgjpiﬂrmad193mrhlnel:ecm:eu&@ méhel

_struct urabllﬁt@gpportl ng wall elenents (24,25) and the internediate fl ui d

tight barrlle;lr (26) gcether form ng a conpact, structurally integrated and
fluid tigft" Kl a(134 & T farfk &actor dithgtaF ihg nisrtical wall (I4)

comprises an inner structurally supporting wall element
(24, an outer structurally supporting wall element (25) and
that the fluid tight barrier (26) is arranged between the
inner (24) and the outer (25) structurally supporting wall
elements, the structurally supporting wall elements (24,25)
and the intermediate fluid tight barrier (26) together

forming a compact, structurally integrated and fluid tight
wall (14).

2. Tank according to claim 1,

characterized in that the inner structurally
supporting wall element (24) is formed by multi-axially
prestressed concrete. '

3. - Tank according to claim 1,

characterized in that the outer structurally
supporting wall element (25) is formed by multianially
prestressed concrete.

4. Tank according to claim 1, ‘
characterized in that the intermediate fluid

tight barrier (26) is made of a ductile material, such as
Ni-steel.

5. Tank according to claim 1,

characterized in that the intermediate fluid
tight barrier (26) is made of joined metal plates.



char acterizedinthat the inner structurally supporting wall
element (24) is formed by nulti-axially prestressed concret@g Roy

accor dwpdobhPugt@ m1l, char act er i zedinthat the outer
structural |y s\ﬁpporti ng wal | elenent (25) is fornmed BGTMORHI3044588] |y
prestressed concrete. 4. Tank according to claiml, char acteri ze
dinthat the internediate fluid tightzbarrier (26) is made of a ductile
material, such as N -steel. 5. Tank according to claiml1l, c har act e
ri zeddnthat,the internediate fluid tight barrier (26) is nmade of

j oi ned metal pr% é‘s?gzoé%é}? 2006 30 2004/ 001280 PCT/ N02003/0110] 88 13 6.
Tank accofdiing Foackakme5r ¢ tr & rdc e inate thd adFhat ofhehedgeszof the
metal  pl atessar g-bept upwands and.doldedicJan] 1 act 0? djnJ ..oc | ai m5
or 6, char ct e-_ e din that the edges o= the netal plates are wel ded
together. 8. Tank according to claim5 Cha_ aCt er din aria the he
edges of the nekal: zpkatesnevelrd aff £ache of:heg, partly and are gl ued

t oget her, ok ‘prressgd._t gogether_to corm a tight nenbrane. 9. Tank according
to any of “clafng I-8, “where'tHe Tdhk (T1)~1%- DrovFdessSwet hthefmaralti ght
base pl at @latge23preowredsy toretalsr .t he base plate (23) resting novable on
a support (21,22) and where the vertical wall (14) is nmade of <con-re te,
ohaafteri zedinthat the vertical wall elenent (14) at its

| ower end 8i-s t Emiknatced syl mpans ofaian Hori zontal metal mate (2?) and an
inner (29x and anzouter e (28) vertd calist:aals phad ecgxi ending, al gng.t he

inner and_.Quter G rcunference of the Vertical wall §14)_, t he \}gl’tl cal
plates overiap €ach other partly and are glued together, oz

'g

ressed together to form z tight membrane.
9. Tank according to any of claims 1-8, where the tank (11) is
provided with a fluid tight base plats (23) formed bv
metal, the base plate (23) resting movable on z support
(21,22) and where the vertical wall (14) is made of

(8]

concrete,

s G in that thes vertical wall
end is terminated by means of a
) and an inner (29) and an outer

~ 4

plate extending zlong the inner and

ircumference of the vertical wall {(14), the wvertical
1

aed to thz horizontal base

together with the lower part of the verticzl concrete wall
(14). |

A}
11 Tank according to claim 9 or 10,
Chareacterized in that the lower end of the
membrane (26; is welded tc the horizontal stesl plate (27),
forming & tight joint betwsen the horizontal (23) and the
vertical (26) fluid tight barrier.



steel plates (28, 29) being welded to the horizontal base plat@3(NGYy 200610.
Tank aéﬁ%?ﬂl*f?é”% claim9, charac_er 1z ediRCTNQeI®otssrizont al
(27) and the vertical plates (2',29" forman integrated unit together
with the lowe_ part of -he vertical concrete wall (14). 11. Tan):
according to claim9 O 10, c har a 4L e i zedinthat the | ower end
of the nenbrane (26) is welded to the horizontal steel plate (27),

form ng a 14 ghtTahlolaxtcdmediveente heldomi zontal (23) and the vertical (26) 1
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12. Tank gégbﬁgf%gat%'%léjﬁ1 , dgﬁga ryg?Eggéeggéiﬁgngggsggugggfa he i nner
st ruct ur al SURRPIPOERT e Wal ¢lehement 24 243 s | EorBededy byoeBed. 13. Tank
according toclaiml, char acteri zedinthat the outer

structural supjgé)rtin vvaéjl el enen (252 is made of wood. 14. Tank
accordi ng 1 cl & BCHEPT B CH2H Yy 2 e d in that the internediate
fluid tighthbarrierc (269 rsiforeed byisheess biie pbaséicstpatenicalts, wel ded

t oget her q%%%%ygg§g¥‘$¥%?3elééén@@E@§p {gr%gggsgfugéggg a fluid tight tank

(11) for S, conprising a base portion '(12), a vertical
wal | part (14) of concrete and preferably an upper top (15), the base

portion (12). bergwk consdfacti@dedi¢BdimWher eupon the vertical wall part (14)
is construct.ed, preferablgh%y nmeans of sligjorning or junpform.ng, ¢ har

acter§%%®WIrfthat ZeT tf cal That Pt 18 TRbAFPPLIAGSah I RARer
struct ur altigsuppaortiey (&) Bbefemed (124)shaatoubErpsasuctural |y

supporti n%ﬂ‘@éfiﬁ?%lcﬁ%{’)i‘ﬁ 0 an %m u%n&q%f{ee%géq. tight barrier (26),

t oget her ormng d conpa ural  supporiing urd tight wall el ement
(14), is reinforced and concreted at |east partly, whereupon the fluid

tight barrigr (2$hds B6F angesk ORcEN® a fluid tight tank (11) for
storage of fluids, comprising a base portion (12), a
vertical wall part (14) of concrete and preferably an upper
"top (15), the base portion (12) being constructed first
whereupon the vertical wall part (14) is constructed,
preferably by means of slipforming or jumpforming,
characterized in that the vertical wall (14),
comprising an inner structurally supporting wall element
(24), an outer structurally supporting wall element (25}
and an intermediate fluid tight barrier (26), together
forming a compact structural supporting fluid tight wall
element (14), is reinforced and concreted at least partly,
whereupon the fluid tight barrier (26) is arranged on the
exterior of the concreted inner structurally supporting
wall element (24) whereupon the outer structurally
supporting wall structure (25) is reinforced and concreted.

l6. Method according to claim 15,
characterized in that the lower part of the
wall (14) is erected on a base, said lower part (14)
comprising a base plate (27) of steel, an inner (29) and
outer (28) steel plate extending along the inner and outer
circumference of the lower part of the wall (14) and
further is welded to the horizontal base plate (27) and
where the lower end of the fluid tight membrane (26) in the

form of steel plates also is welded to the horizontal base



exterior - -of the concreted inner structurally supporting wall elenent (24)
wher eupon the outer structurally supporting wall structure (25) is
reinforced and concreted. 16. Method according to clain115 har act
i Z“E)ﬂmhﬂnE?at the | ower part of the wall (14) is_erectéd ¥V 20Base,
sald | ower~part (14) conprising a base plate (27) of E?HEPZNHWmFﬁﬁer (29)
and outer (28) steel plate extending along the inner and outer
circunference of the |ower part of theqwall (14) and further is wel ded to
t he horizontal base plate (27) and where the |ower end of the fluid tight
menbr ane ( ormof steel plates also s welded.to the horizonta
base 55 NeRAEBOLE o YT BoT38br ETPRESDBS) 00108 T8 L Tpikre (7).
wher eupon téisfpoceédoandf coherabbt.is reinforced and concreted. 17. Met hod
according to claiml1l6, char acteri zedinthat the inner
structurall supporting wall el enment (24@ is erected at |east partly up
to a levell %r.oMe Bodt aFePRginHetpr 66838 bPsinstalling the internediate

fluid tight hasries €26)e #8i Methad a@ﬁOtHhﬁgth@ g¢haem &%,ru@:thhr&lflya cte
ri zedinthat.the i ierﬂed ate %42 h% garrli %%6% l|nstalled
at |east tOUBPLEFIR?n"2hdi GhE BEF ol té?t?ﬁ Re Broceg A& At offci ng
and concretiagléhel opréorstoustardlihy shppprocagswelf]l 1025plling the

o)

intermediate fluid tight barrier (26).

18. Method according to claim 17,
characterized in that the intermediate fluid
tight barrier (26) is installed at least to a certain
height before starting the process of reinforcing and
concreting the outer structurally supporting wall'(25).



