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BACKGROUNIEOF MHEINVENHON

The present invention relates generally to large-scale liquid storage structures and
particularly to structures used for storing low-temperature or cryogenic liquids, such as
liquefied natural gas (LNG), which is transported and frequently stored at temperatures
around -261 F (-163 C). Other gases commonly stored in liquid phase below ambient
temperatures include ammonia, propane, butane, LPG, and ethylene, and also oxygen, argon,
nitrogen, hydrogen, and helium. LNG terminal storage tanks are generally field-erected
vessels in sizes of 315,000 to 1,000,000 barrels (50,000 to 160,000 cubic meters).

The structures can be found in many places. Free-standing tanks can be found
wherever large-scale liquid storage is needed. Tanks can also be built into openings in the
ground or inside ships. Gravity-based structures (GBS) with integral storage capacity can be
installed offshore on the sea floor.

A form of secondary containment is not uncommon in these structures. Gravity-based
storage structures and full-containment free-standing tanks for storing liquefied natural gas
commonly have an outer concrete containment wall. A liquid or vapor barrier on the inside
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commonly have an outer concrete containment wall. A
[iquid or vapor barrier on the insidesurface of a

W@ o0v6/0€1188 cont ai nnent wal | can provi de secondaP@T/US2005/037619
containnent in the event of a leak in the inner tank,
and can prevent outside noisture from penetrating the
insulation. Simlar vapor barrier and contai nnent
system concepts are used for in-ground tanks and ship

surface ot{a%%&ete% ?alﬁ:g %{fr%ﬂ%aﬁ rRle@Eon é’? @drl 8ohtABEEn Wi the B¥knt of a

I nner tan stal nl ess ste al um num 9%

leak in thef mﬁol:(rt%nn% %ﬁlcan gFeVQJt 'Bﬁ{smg%%!u@ lﬁ%n@ﬂéhé@qkt%g insulaﬁ

OW- yogenli c service reduce

nner, t nk i S usua .

s A5l %mlafesmsavs’*‘% sorRohS AT PP A E R b8 .
roomfor thermal insulation. To withstand the statlc
tanks.  gpg dynam c pressures of the stored |liquid, the tanks

in free-standing structures are g npde f netal
Frpg-stpeding, tanks greOtichimads 8did %%Rjrﬁgf( &8 esg §teshs
described in U S. patent no. 366,917, integrated,
aluminums Py zigfe! steel; or athesmatgrialp émt@me|f?r IQWHARPSRRE AT GABRRIC
i nner menbrane and | oad- bearlng i nsul ation. The
service. Torgdudsdgrt transfersiie annentank isrspally specedaway fre theringifie
static and dynam c forces on the nenbrane to the
surface oftthe te@itaimerent wall,l leawg robmtfbithersial insulagen. g o sdthstaad thelsfatic
to structurally contain the liquid. This allows the
and dynamizrivessure stod theestoradi Bqed,ghé fanksintftey-standing stru aiies| argypitesy
than a traditional inner tank. There are, however,
made of métalPlacshadsgs kdtledsswaiidingtocs ndebiag®s. | nt egr at ed
storage structures nust accomodate the di nensi ona
ASbangied i 1alS. patentmoi 4364)21 Trndyraabstamgt enestns aaebe built
change when filling or enptying the structure. This
using a thitl-ghlge M@ mdigianSsdnessRdriby insslatigh. eThedoydbearing insulation
nenbrane (1 ess than about 1/16") and providing it with
can be usEJ 'Rt t6OEaHOAd AREmidRices 68 ¥R Mrene! tethe containment
di mensi onal changes. Al though sonme forms of crinps or

wall, whlglp{hEH SR LORSa ﬁéa@mg lat$6 S@ic@dallycddiat thedgaid. MhSs allows the
4,021,982 and 4 1,398, the only way of providing.

membrang 'tﬁ:ﬁb HEddTBRnRcaktBf Mﬁl@xt dNphie? thatditabitloh ird¥eRhRS Phere

are, however, problems associated with such designs.

Integrated storage structures must accommodate the dimensional changes that occur
in the membrane as temperatures change when filling or emptying the staructure. This
problem has been addressed by using a very thin membrane (less than about 1/16”) and
providing it with crimps or corrugations that accommodate the dimensional changes.
Although some forms of crimps or corrugations are illustrated in U.S. patent nos. 4,021,982
and 4,461,398, the only way of providing such crimps or corrugations for which the inventors
have seen commercial acceptance has been in the production of shop-produced prefabricated
sheets specified by the French company Technigaz.
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have seen comerci al acceptance has been in the
producti on of shop-produced prefabricated sheets
wapweioiilegl by the French conpany Techni gaz. TecPei/gsa05/037619
sheets are believed to be provided in small sizes,
commonly panels from approximately 2 or 3 feet (.5 to
1nm) square up to about 11*3" x 4'7" (3.4 mx . 1.4 m.
The smal | size of these panels, which are
hop- pyroduced of f -Si '
e PR Bh R R st 3G bE prog el rREeR IR pAith from
. that s t] ayve a squar LtGh_ Qf-nZd ", 74 (689 . X
approximaily 2ty Fphes Dol Pl gueregRa ApeR A Sax B Thaat T gl ife
small size&ﬁ??l@ge? thirzég,t i /aer%( an%ﬁ?&@&ﬁ-{f—hﬁgg Qa?cﬂglg%s ﬁa%dfx%% The panels
two-directional corrugatjons can&gﬁg r eadi Iey .made 2a];;d o7
incorporate Argridfaf RrthogAnakepIrugaHORAY SOMAIBISTRYS A SUeteantiich ¢f 277 X
stainl ess steel. Technigaz panels can be nade o f 1.
(680 x 630rmm)hThie coumigatifing et ag B REHIVES allayipg fhe copFaCHSRMGHBMIFYPOLo
ASTM A240 type 304 (or X5CrNi 18- 10 under European
the panelssih awialdirdc s ENddrobasabiyeling (ilesa gosdirectionsl gaxgugatiogs can be
corrugations may be nore difficult to formif the
readily mairaat cave fenatindevell id gaugetthickness avstenitic alainless stsl eTeshaigaz
to failure if a less ductile material, such as
panels calt BSBad@XPELNinvie thikkiaisruaiticotaitlessnicek edrrespesling 1eASTNEAZMO
To formthe internal nmenbrane, the Techni gaz panels
type 304 @F K50ENiE 1 8/10Yinw&r Rlesheto gaiidaed NRIEN1008R-2{1.43 01/ 95K sThe
Cl osel y-spaced dedi cated stainless steel anchoring
required PPHAEARNEGhay B hbR didel oot iff therfarleEReremgrde eflal thicken
provi de points for anchoring the stainless steel

material, ST¥86f profORCARINAS iADIREY ducBRKSatéril GueHasi1Bs-dkpénsipasiainioum
or through the extensive welding required to formthe

v nickAlstdeEtWeRfusédre i nner tank nenbrane are addressed by
Or9A’mcgonsdieng %n gddi tional liquid barrier of ultra-thin

4 fdnq]tﬁé’ﬁheﬁﬁﬂ ﬁ%g%%,m&mg@@pa&n%@mﬁp Svaltéll dopéher

I nsul at 1 on. Ition, |eak detection equi pnent 1Is
- r g@ ' @ B R&idgHifc dEabnane
with lap {§et SR ALk Eéa&%‘% i ARG MR bl Ridali AR

underlying load-bearing insulation provide points for anchoring the stainless steel sheets.

Concerns about leaks through the thin panels or through the extensive welding
required to form the entirety of the inner tank membrane are addressed by bonding an
additional liquid barrier of qlﬁa—thin film such as Permaglass between the membrane and the '
insulation. In addition, leak detection equipment is often provided in the space between the ‘

thin membrane and the bearing wall.

BRIEF SUMMARY OF THE INVENTION

The inventors have developed an integrated low-temperature/cryogenic structure that

is simpler to build and more robust than previously-used membrane designs. The increased



The inventors have devel oped an integrated

| ow-tenperature/cryogenic structure that is sinpler to
wheioba4asgl more robust than previously-used nePdI/ES®05/037619

desi gns. The increaseddurability may reduce any need

for an additional liquid barrier or additiona

dr ai nage equi pnent |ike those used in Technigaz

systens. Wihile there are sone simlarities to previous

ili Wém 22y SE& Sy arf 2BtRnA1R{uRlbaRies boHditichalnirainage
durability | ferenceg. Lik%?conveﬁtiﬁﬁal menbr ane systens, the

. - e 'Hﬂ%@t outer bearing wall that is
eqmmmenpﬁ%%ﬁé%%%éa%gTégg%r, aﬁg@1oad-bearing i nsul ati on
t endi ng _bet ween .t h ' Lqui d
Wil R 5% R o Bitiple BUbpARERLnfnbO o
L . However, the.inner .liquid barcier- '
sgnificany FEFEICE oy {71 BRSPS i o g Hhotudes an
conventi onal free-standing,jnper tanks, or conventiona
outer bearmgAll ki BRER O ey e ARHRE DFer HE oo X ragas bt hen
conventional | owtenperature or cr %%ﬁnic Fhates tht
the outer gyrface phan Fmerliguid baggsr and the Apnepsuriagh ok e OfRT Reg et
i nner panel s used in known nmenbrane systens, but,
However;ith¢ imer liquid hawrife- pp dnesliner xds pgefgantly dif&eepts than either
free-standing i nner tanks. Specifically, the new
conventioptl fest-siandingimnérdanks geconveriionalinees piegpanes-ank - qual ity
netal plates, such as 8 -w de Flates havi ng a )
Thehevkimpeslingk cichemale of cae/entiond] loaempargairg efe crypeemcRlates
pl ates can reduce the costs conpared to a conventiona
that are sighifieastlyamdiendpribindan thathin-g@ige ineer panetsf usedin kveqyi membrane
liner contain structural nenbers that provide
systems, butekinbér thirytht plates wpditishadly/vseahfor &re¢-stamdingnase tanksrber s
can be made from common, off-the-shelf type
SpecificallPtEé hew bir@iu@iebd @hde Witlc éonentjongiasnk-guabitygyeta plates, such
structural shapes. These nenbers can provide the
as 8’-widB PreSIAVIhgld titidtist bt Benk&na1E0 anD dar e Theasenaf] thysel phaemd
di nensi onal changes in the liner, while allow ng the
reduce the E6MEEIHFar¥Plol aoohfenBibng GlR&abidib g thnt fafilout t he need for
special, off-site fabrication. The use of |arger-scale

TEWB§ nbW 3heMBRY chilaih ¥Rhdtarh] HBABR ARt FivStidsBexibility for
al SO

expansion/contraction. These members can be made from common, off-the-shelf type
constnaction materials such as pipes, tubing, or structural shapes. These members can
provide the necessary flexibility to accommodate thermally-induced dimensional changes in
the liner, while allowing the structure walls to be constructed without the need for .special,
6ff-site fabrication.

The use of larger-scale components than used in typical membrane systems can also
provide additional advantages. Using larger plates can mean that significantly less welding
will be required than is commonly needed with a membrane, and the liner can be built using

more robust butt-welding techniques common to the tank-building industry. In addition,
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provi de additional advantages. Using | arger plates can
mean that significantly less welding will be required
w0 ban/osasEommonl y needed with a nmenbrane, and P¢EUS1008037619

can be built using nore robust butt-welding techniques
conmon to the tank-building industry. In
addi tion, since construction of inner tanks is
generally on the critical path for typical LNG tank

since consEARHoWE {AfRPian®s i F&iéi:‘dllly%ﬁ theeritdd paiciot fypRaVENG tagk may
reduce the overall schedul e and provide nore

constructibh€X rddubiidYinithe QR4 rMJiﬁ?ﬂa? RAHARNGRE Bebralll$helitlle @K@ provide
plates and flexible structural nenbers are also | ess

more ﬂex@iﬁgﬁmtc%ngﬂm&?segﬂ&%ﬁlgn gﬂhck‘ép@%§ HEF AQbIE gﬂ'gét{ﬂgpns'

€ a greater range-of nmteri can be use

bui | h t t [ . Ebi]id: f
s B4 o LA SR oS PR il g
THE .DRAW he, i. ti b tter . tood b
range of R (3 OF B L B BT AR Tar e BRSO Hoh P B
s.a partial isonetric view of a |iquid-storage

L1
“mm”ﬂsg?ﬁﬁ@Phre in accordance with one enbodi nent of the
present invention; Fig. 2 is a simlar view of another

' t r in accordance with the
BRIEF Dﬁ%&&%% %@%ﬁ@*&ﬁégl arged fragnentary
erspective view of th ructure.sgen in fig, .J1: Fi

T SO e O o b bR o B8 AotV ine i
) .. fig. 3; Fig. 5is an enlarged el evationa
mWhJ"h'cross-section of the | ower corner of the structure
seen in fig. 1; Fi. .(g is a partial elevational .

Fig, haxa Ratihiamestc viR o tiguidiomaestino i ip jpggeorflancg yyjth one
: . Fig..7 is a plan-view cross-section of the structure
embodimerpef thepreset inyentigny Al L ED DESCRI PTI ON OF THE | NVENTI ON

Fig. 2 is a similar view of another embodiment of a structure in accordance with the
invention;

Fig 3 is an enlarged fragmentary perspective view of the structure seen in fig. 1;

Fig 4 is an enlarged view of a sliding connector seen in fig. 3;

Fig. 5 is an enlarged elevational cross-section of the lower corner of the structure seen
in fig. 1;

Fig. 6isa partial elevational cross-section of the structure seen in fig. 1; and

Fig. 7 is a plan-view cross-section of the structure seen in fig. 1.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 shows one embodiment of a low-temperature/cryogenic liquid-storage
structure 10 that can be used to store liquefied natural gas (LNG) or other liquids at

low/cryogenic temperatures (that is, temperatures of 40 degrees F or lower). The illustrated



Figure 1 shows one enbodi nent of a
| ow-t enperature/cryogenic |iquid-storage structure 10

W0 b@b/0¢a88 be used to store |iquefied natural gecT/UENG/037619
or other liquids at | ow cryogenic tenperatures (that
is, tenperatures of 40 degrees F or lower). The
illustratedstructure is a free-standing tank. Fig. 2
shows a sinmilar gravity-based structure 10" that could

structure ig;%‘a ﬂJe%?s‘#aJdﬂ{g éa%{lwcoﬁg 9 hNR PhifahosSvity Hased Birdtire 0’ tagdiuld

SO be us I n-ground tanks and ship tanks. The
sides qf I Het PGEdBeust wiltDin-droghdhesks
voused i € Aot R A LA A O il el

connection system | oad-bearing insulation 1 6, 16',
“an inner tank liner 18, 18 . Each will be

di scussed. ip turn. The ter . beari.n I .
Tiq 4508 g0t swevey B ns A ER copPapls 2o gper
seen in fig. 1 and in nore detail in fig..3 i.S a
bearing wedrive bt i &FIDCTLION Y PRt BREPS PR { 636" 13 R neE
tall and 20 - 36" thick, wth a 100-300 foot dianeter.
liner 18, 18’3 Eachnyilt bfl discusgd ibRUBt eel |iner 20 on the inside
surface of the outer bearing wall serves as a vapor
Thaouterhearipg welbnt i ng out side |iquids or vapors from
penetrating the wall and al so providi ng secondary
Thoiilustratedeiter beatigewall Ehin the stugtikes10 ssenie fignhand wgpgre
liner 18. Other materials, such as cryogenic steel,
detail in P@l3yisecbnventiand raigfpreed canctatowall, 60 it tﬁgiﬁﬂt L agd 20 - 36
pol ymeric coating can al so be used to provide vapor
thick, with€:S 9t F0dBotahansaerc 236 mm titiherbquoteslitingn?Q en theyinside
arrangenents of the outer bearing wall 12 are al so
surface oP @R Duldr ®earm@rwallefies unalvipankatier, preventiolg dugide higjés ombe
used as the outer bearing wall. It may be preferred,
vapors frBRRY Sikatink ShePW A1V Ariea]d 160 sevondareten winmet &l the event of
surface. I'n ships, the ship hull or superstructure
leaks in tHb SiHer A8k U8 82D thdreneHaly, seB Ak tryggenid kteel, polyaryic sheeting,
cases, the outer bearing wall could be nade of steel.
ora trow\é!lﬁr{ &r {PRE-GHIATmERAEJafifly ¥l dlsoibe ue@Kle prbvidie @apor@esistance on
ot herw sé .

| mpervious to vapor, then the
concrete or other porous walls.

a
and ship tg

Other arrangements of the outer bearing wall 12 are also possible. For iﬁ-ground
tanks, the rock face might be used as the outer bearing wall. It may be preferred, however, to
provide a smooth concrete or metal surface. In ships, the ship hull or superstructure might be
used as the outer bearing wall. In many cases, the outer bearing wall could be made of steel.
Where the outer bearing wall is made of steel or is otherwise hﬁpervious to vapor, then the
use of an additional vapor barrier may be unnecessary.

The connection system

In the illustrated embodiments of the invention, connectors 30, 32 are attached to

embedments 34 in the outer bearing wall 12 to provide anchoring points for the insulation 16
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use o f an additional vapor barrier may be

unnecessary. The connection systemlIn the illustrated
wepdvemsTesit s of the invention, connectors 30, BRI/HSM05/037619

attached to enbednents 34 in the outer bearing wall 12

to provide anchoring points for the insulation 1l6and

for the tank liner 18. The illustrated connectors

i nclude fixed anchors 30 at the top of the wall and

and for th§ 'tdnﬁi' 108r 9 NIRGI R ted2oRRbRW ihdledd @Rd afchdte 30at the top of the
FI exi bl e connectors could al so be used in place of

wall and uﬁr%r ov. @Q 596‘3 thé¥ob BF fhaWaM € Fiexibld osithe B AT A8 Y

at m dhei ght of the walls, with sliding or

used in plfi(he e stflldreng cgqlﬂa%go&io rlg1| éfﬁaqgelgeﬁ{edtah&otrsorﬂlgiﬂ P BRIVERID @ tnid-

hectors 32, seen in nore

height of t 2l 1 U}zng lﬁg%%l’ %efilq éaon%{eclto § S BNIEI P afdf bottom of the

I Ng arrangenment provides a
freedon1of movenent in the vertical direction. This

freedom of novenent acconmodates vertical expansion or

contraction of the tank Ilne[¥ﬁ@ %%ect t%mﬂlon
TheeshidingrLopasqtors 32, segt ingaare Al e éﬂu‘fss 8BS
connectors 30, 32 is to control _the direction, of 1
structuralaxgrabrss-o i diineseppesmedt Prpdes afiredompty mo‘é‘?i‘ae"tt & e yftica
that novenent is transferred snmpothly an
direction.aBhis disedam ef povandms pccammadaientsTical ﬁmné&ﬁ‘f‘?fﬁef“é‘t‘iﬁélﬂ of the
of the connectors nmay be used to address these issues.
tank linerTiSewith regpect tot thel besomgavalld2s Ubinatsly, e gurRase ob fhesoppictors
Since steel can provide a thermal conductive path
30,32 is tohromtrghtht Hiredtion 0f expansipn/cantiagtiqurafites tamk dinetp ang #) 3ppyre that
lieat transfer through these connectors. This can be
movemerit@neansfert)l smedthty agl appepostelyaQtherarrpegerognis antheonfigumgtions
and 2) reducing the heat transfer through each
of the conrtdiord Bupbe aRanesddiess thdeadssies.ansf er t hrough an
i ndi vi dual connector can be reduced by providing a
ThéareBteDEQRKCtOR 3032 &6 Aade bluteel 0 Binby steebleani prgvidhie thermal
cross-sectional area of thermally-conducting steel in
conductl\%afﬁﬁh ARARBGhOMsuldtih, itlid preferadletd mininied hestdransiel thoieugh these
only one connector for every 100 square feet or so of

connectoi‘@l'ﬂ'hl@éa%a)e done by 1) reducing the overall number of connectors, and 2)

walls.

reducing the heat transfer through each individual connector. Heat transfer through an
individual connector can be reduced by providing a thermal break in the connector, or by
reducing the cross;sectional area of thermally-conducting steel in each connector. The
illustrated structures include only one connector for every 100 square feet or so of wall area,
much fewer than in previously-known membrane designs.

The load-bearing insulation

As seenin figs. 1, 3, 6, and 7, the illustrated structure 10 haE$ load-bearing insulation
16 between the outer bearing wall 12 and the tank liner 18. The illustrated insulation is in the
form of conventional 6-18” thick cellular glass blocks 40 (such as Foamglas™ blocks
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much fewer than in previously-known nenbrane designs.
The | oad-bearing insulation As seen in figs. 1, 3, 6,
wa@nae/P4718he il lustrated structure 10 has | oad- PERDUS29G5/037619

i nsul ation 16 between the outer bearing wall 12 and

the tank liner 18. The illustrated insulation is in

the form of conventional 6-18" thick cellular glass

bl ocks 40 (such as Poangl as tm bl ocksavail abl e from
available Rofnt BRsbugh Cepiiing TorpoRitip bR tBBugh, PinhbyituniRovered by

Pennsyl vani a) covered by plywood 42 or sone other

plywood #2 6f RfeionRr PRALHVAY & laylf. 1T d {IhbSdtEPbI8Eksh ?Kﬁvo@ﬂ dan be
pl ywood can be held in'place by conventional adhesive

held in plé{éﬁ?@‘&ogﬂen{i&ﬁl brﬂ?%ﬁ% f(ﬂovrnq{l Y ifHRsRR re,h ggkneempém&toxé

a non-flammbl e tape or "ot materi al nmay be

A strip ofazgrg)lrni—fﬁ%npa%m tg& &%ﬁwk Hﬁ%ﬁgﬁg%%h gP%lgéd\/\rb/tgF h%&ﬁ%ﬁ?@tewél@ €

| ayer from being Ing o
i o S S SSRGS AL 1 5
b te to.. . h | .t fer .
Of BB RS SR 1 5B Sl g AR Torm of

. ", environnent. The tg;ck ess_o._f insylation can,be .
insulation,capibg gdeguatf, inrgdypert rﬁaﬂwafértbﬁsw&sﬁw-éﬁmreéwek&fogemc
o overall heat |eak. The insulation can al so . take other
liquid ang g5} gpbient gpvitopmeph dhethicknsss @ bapgulption ¢ag/be variedgmegdediig/c
. foampanels. The intent is that the |oad-bearing
provide therdesireglpyeh of eyprall hisat leak: fThe irapilpgon eagjalyodple qther forms; for
conpression to effectively transfer the static and
example, dhoan inke therfermseff AEF enRVE foem persle dThe giantiisithat thedogslbearing
bearing wall 12. The inner tank liner The illustrated
insulatiori layesbe suffirientlymesista® in apmpression kq effsetivelpntmonsier thel etaticand
Wi th conventional off-the-shelf type construction
dynamic pmbseres dilos) theistored liquid\te thciogteal beaeing weblrigt r uct i on
nmet hods. The fact that the tank |liner can be
Tleinsdritanktlmer i n this way may provide inportant
advant ages over nore-specialized nenbrane systens. The
Thd fllusiatedtiftdr tadk knér I8akan b8bwidt by c@nmon madésmenpiith
commonl y- avai | abl e | owt enper at ur e/

conventional off-the-shelf type construction materials, using conventional tank construction
methods. The fact that the tank liner can be constructed in this way may provide important
advantages over more-specialized membrane systems.

The illustrated tank liner 18 is made primarily of commonly-available low-
iemperature/cryogenic metal liner plates 50 that are welded or mechanically attached to the
connectors 30, 32 on the bearing wall 12. The liner plates shown here are common tank-
quality 8’ x 30’ or 8’ x 40°, 5/16” thick stainless steel plates.

Other common metal plates used in tank conustruction could also be used to build the
tank liner 18. In addition to stainless steel, aluminuam or 9% nickel steel could be used. The
relatively-large size of these liner plates 50 (with a surface area greater than 100 square feet)
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cryogenic netal liner plates 50 that are wel ded or
mechanically attached to the connectors 30, 32 on the
wheansismyssval | 12. The liner plates shown here BCBEUS2005/037619

common tankquality 8 x 30" or 8 x 40", 5/16" thick
stainless steel plates. O her conmon netal plates used
in tank construction could al so be used to build the
tank |iner In addition to stainless stee

reduces thélintai f_b’dflfF@ bf \98@&1@ Gk&led 34 L1d tEOHesk. bkhe\iekhesd bfthese plates,
rel atively-large size of these liner plates 50 (with a

which can ?éﬁrgg @bl 11130 W’Qﬁ‘&rﬁﬁe ARt Ofe B6 A Aulf BRIhERBuGEFeldiRe
|'i near footage of wel'ding needed to build the |iner.

instead of IE] ?ﬁéﬁ;:!"dv&ﬁ@@ Sp%\q{h#g BERE feg(jg?%r?:t% g?ﬂéfigé)?ﬁge ngglgﬁgﬁgﬁecftlﬁﬁ m
behavior 0\%\6 legil'ngx%n%lf Q(?n%asgggﬁt s%%% dtﬁgﬂ%&ﬁégéﬁiut? ?% éa'nl He&hb n)ected

g, provi er endurance exi ng a
to more th{’;%ﬁg@gﬁﬁ@ﬁ? tlsslggst Qc Pr kl{oltﬁ ! hia %trV/V%lhin I se of g%cr%(e
subj ect ed re thorou NDE and iS | ess
plates than 1@5%1%:5'(1?% an ial a}q?oeqro‘ag?scﬁr%er igxé%s CeR, ek%\#aﬁé' aanfies

in conventjonal nenbranes al so provides greater
durability e%ﬁhf PRERtte algakdstectomsvster isAef D&ﬁ?%?&pf) ity of the
product: a I eak-detection systemis not necessary. On
Onthgoberiand, thsprpse e digerlates a0 gip FaPPYtedibydhe guist feating wall
support ed the outer bearing wall 12, they can be
12, they cmheﬁhlener((m%thvﬂ@@ axpensive) fhen dievamd of plates sermanly wed at the
pl ates commonly used at the base of free-standing
base of freesstanding Tapksiccommodat e di nensi onal changes in the tank
liner 18 during filling or after enptying of the
Tostccannherdate difiensi®ial clsngesdn tiresthnkiimerck&sdwmng 11king grafter n
the walls to provide lateral flexibility. The
emptying bf theistrucatre 40, 101, skiidiinal members 52 aee usedih dreswalisstoprawidtar d
18" di aneter, schedule 10S hal f-pipe sections with a
lateral flexfbillity. tThic dllusested 6flex3bid” GiuctuFdlencitders aof starderd 18’ Udémetend
hal f - pi pe sections are groove wel ded to vertical edges
schedule T4 Haff-pigtscailind ®ata walndickidsabe3/160. The bigles obthetliustrated
structural nmenbers 52 can al so be used to provide:the
half-pipe $c@fidtis afCbrbbv@idddd tb Yeitidalledged 34N tht &djabant lidxepipiee 50.
sections of pipe or tubing, or structural shapes such
Other common structural members 52 can also be used to provide the required

flexibility in the liner 18. For example, sections of pipe or tubing, or structural shapes such
as angles might also be used. A wall{thjckness of more than a 1/16” may be desirable for its
ease of welding and robustness: such members hold up better than members made of thinner
material.

Relatively large sizing of the structural members may permit each individual member
to accommodate more lateral movement, reducing the number of these members that are
needed in the structure and increasing the spacing between them. The illustrated members 52
can accommodate significantly more range of motion than the kinds of crimps used in
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as angles mght also be used. A wall thickness of nore

than a 1/16" may b e desirable for its ease of welding
w@anwenghisst ness: such menbers hold up better tP@mUS2005/037619

menbers made of thinner material. Relatively |arge

sizing of the structural nenbers may permt each

i ndi vi dual nenber to accommopdate nore |atera

novenent, reducing the nunber of these nmenbers that

conventlon%f I%eﬂl%feaq ﬂ aﬁ@thhﬂ@m%}:&dﬁﬁd&ﬁe afechuil R4 85 thefindl h@eﬁp aci ng

t ween [ustrated nmenbers 52 can

movement i a5 gqg;ﬂp gﬁxteﬁ ?l§t|e9 N, leh &R I(ljlﬁsﬂgtreﬁ e8] BEmbRt taNpbiRadup

nps use nconventi onal nenbranes, and

to apprOX1WF,f?€,‘E'ré’aci} lzgﬂamdl&e ¢ h ﬂug?t eﬁ’ rélisiﬁlg%lr 1a1t \bﬁ[ﬁﬁqgﬂl& ateral
embodimegigh é{n?f%ﬁ%p;%%r”ﬁbér%eﬁ Eﬁu”%tﬁ@xmnﬁﬁﬁgv eg&ﬂigéﬁsgﬁt v,

inthe circular-walled ta od
between eyesy, i 1T Blate0; 3§ apprgximgte nlf/ REHS%C%tIﬁ& a“Ya 1.%@&5%% s
need only be used between _every thiyd lin | at e 50,
embodimeat ofppinyRutipatsesnyin fig: 2,dhese halfpipepempers %°éﬁsp°€§s
enbodi nent of the invention seen_in fig. 2, thes

between evdnafirddinseplatsrfifs rgain epprexigeately 2o soat- LD Fi@A1REH
third liner plate 50', again approxi mately 24' apart.

flexible st@ttueal nepaersTyay affcoutsebd wsed ibloghes SIERSODS- al - nember s may
of course be used in other situations. Al though the

Altheggli the tequired thirdksess of the hiper plates 59| mayeaffestivelppreciude the

effectively preclude the kind of specialized,

kind of spéailize,teotdiettidnatrinnpigupedsie donventioval eremibsang papelpithane
panels, the formation of integral one-directional

formation 9 fntspiral loab-diredtivasi structutahm dnitrees inphaties phrgs tay be possible.
possi bl e. For exanple, the illustrated structura

For examﬂT@ nRelssttted dRtnal hembeisHil @r sttwp sisnphs shapel prgvilliat éaterbl

l'exibility) can sonetines be bent or rolled into one

ﬂexlblhtypéantstiﬁleﬁﬁéi bCHdnt SAORE] igfo Bnd bMN@BE vpitiddledges ofiarliner plate, or
| e section of the plate. Form ng the structural

into a mld\aﬁrg@&fo% deieprhibe FohRRk tHe SthRSuriPdeRBerRit6 tHedafkt plaes may
fewer structural nenbers are required; that is,

be more f%% Ekgx f%%v@f’é’ﬁtueﬁl?gl nERBBRY Sre 3 fuieAAhads [lidniRE st

relatively closely-spaced crinps in a
members &3 ggﬁ:@& 'fa(}ﬁél' apart than the relatively closely-spaced crimps in a conventional

membrane.

While the illustrated arrangement of common tank-quality liner plates 50 and
‘.‘ﬂexinble” structural members 52 can accommodate circumferential expansion/coﬁtraction of
the inner tank liner 18, conventional construction details can be used to accommodate vertical
expansion or contraction of the liner. For example, variations of a flexible “thermal corner”
detail, such as the one seen in fig. 5, can be used at the lower corner of a free-standing tank or
GBS. The illustrated thermal corner detail inclades a curved knuckle 60 that transitions from

the liner walls to the floor, and is strong enough to support the liquid load in the structure
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menbrane. While the illustrated arrangenent of common
tank-quality liner plates 50 and "fl exible" structura
wOoreibosH8S2 can accommodate circunferenti al PCT/US2005/037619
expansi on/ contraction of the inner tank |iner 18,
conventional construction details can be used to
accommodat e vertical expansion or contraction of the’
liner. For exanple, variations of a flexible "thernal
; ERAE o | shpftd 14®a41, be
while flexifS5eh R Bpinodit Bl ASRAAR, TEAMITpt ok L0 o
S._The illustrate Wh a0 ;
such thermgl C5aey ot i e ep g Y Aty BECcRoh o1 e i
) walls to the floor, and is strong enough to support
theliner. {he |jquid load in the structure |Oaile flexible

enough to accqommodat et hey nal v t. For tanks u
Usq o Biele Smare oS aHed Hal gt Rabs Al e Oree
all the flexibility i n the vertical direction fhat i S
10, 10°. Fordarksdalion thonabyst 4, 2 UREvGPeBBRIBILISHHIA SRRl member
menbers 52 need not be limted to the walls of the
can be used betweenpanrsed of vepsel pleiss ta ppk aderadditiopaliflexipilify i the yarsical 5
transversel y-mounted flexible structural nenber can be
direction. Gamidhriembesra olse bewsedfin pefs or fipgrat Eig. 2 dluskeios the use of
additional flexibility in the vertical direction.
flexible stritnial aremersiieths floarofal GBS.ben thse dlvstmatiosoths seyctiabmembers
Fig. 2 illustrates the use of flexible structura
62 in the floBrire afranged tdiee dontimrous fvith tEBStrudtumal inambers SYsinthe walks,
the structural nenbers 62 in the floor are arranged to
Where necB§afQ BidcUMuRi-ditdctiortah flexisle rutitsidahayrtenisefud where simeterab
wal I's. Where necessary, special multi-directiona
members ihfef$ttbl € units 64 may be useful where structura
nmenbers intersect. This description of various
ThRWRQFHHABA bSvaRbus fbJdRMEN éfOthelatenkios Ragteen ipebaitiet dor
iIIusFrative pur poses. Revisions or nodifications may

illus‘crativek}ﬁlr;%ﬁ@éf%1 redisidiR of RO&€ic&iond btthyBé ¥ppalent to thosetdT@rdifidry skill in
W t'hout departing fromthe invention. The full scope

the art witRdut BBGridpVEqh iR IndAtise T d1NsdoPe bi'e invention is set forth in the

following claims.
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follow ng clainms. CLAIMS What is clainmed is: 1. A

| ow-t enperature/cryogeni c |iquid-storage structure
W@9p04EB8g: an outer bearing wall that is i npRCwUS2E5/037619

to vapor; an inner tank liner with walls conprised of

conventional |owtenperature/cryogenic tank-quality

plates with flexible structural nenbers; and

| oad- bearing insulation between the outer surface of

the inner tank liner and the inner surface of the

CLAIMS outer bearing wall. 2. A | owtenperature/cryogenic

i quid-storage structure as recited in claiml, in
Whihiscdlaitted if:| exi bl e structural nenbers are arranged

vertically. 3. A |lowtenperature/cryogenic

i qw Ew&%ﬂ?@xﬁﬁr§ér%§éhﬂdﬂ@q1ﬁ@-sfoﬁfgbts@dcmﬁ claim1, in
which the flexible structural nenbers are spaced at
| eaSP™MBBVLE: 8' apart. 4. A |l owtenperature/cryogenic

i qui d- SLEb@GEHeafikgAv &SinfRAlGRDo Wibor] @i M 1, i n
whi ch at | east oneéj‘g 111{1%(; fl E‘I,)%I tl)l e %tfbuctural menber s

i s di sposethnpeiayielner withawalit copipaisedsof ognvegtional

e S e e e A S S

f | exirpiterabinembergirad menbers is formed into one of the
pl ates. load-Bearing insulation between the outer surface of the

inner tank liner and the inner surface of the outer bearing wall.

2. A low-temperature/cryogenic liquid-storage structure as -
recited in claim 1, in which the flexible structural members are

arranged vertically.

3. A low-temperature/cryogenic liquid-storage structure as recited
in claim 1, in which the flexible structural members are spaced

at least about 8’ apart.

4. A low-temperature/cryogenic liquid-storage structure as recited
in claim 1, in which at least one of the flexible structural

members is disposed between adjacent plates.

5. A low-temperature/cryogenic liquid-storage structure as recited
in claim 1, in which at least onae of the flexible structural

members is formed into one of the plates.

6. A low-temperature/cryogenic liquid-storage structure as recited
in claim 1, and further comprising connectors that connect the
tank liner to the outer bearing wall and accommodate

movement of the liner with respect to the bearing wall.
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6. A |l owtenperature/cryogenic |iquid-storage
structure as recited in claim1, and further

W@ 0vp/i a8y connectors that connect the tank |PEEUS1005/037619
the outer bearing wall and accommbdat e novenent of the
liner wth respect to the bearing wall.7. A
| ow-t enperature/ cryogeni c |iquid-storage structure as
recited in claim?7, in which the connectors are spaced

at  eRsticABordturdrySRAId 1i1Ad-Sloflge ¥trudhure As recited

| ow-t enperature/cryogenic |iquid-storage structure
conit Flaih§:in aich dhesonpeetersige wared atpest abeut§per vi ous
to \égﬁf’fa'teraﬁ{}.i nner tank liner with walls conprised of
conventi onal” | owtenperature/cryogenic tank-quality

pl ates that have a thickness of between 1/16" and 1/2"
&nd Aplostempetetusy/ erzogshialiquidatoragecueiiigar e feet, with
fl e&g Ssiﬁé-r uctural menbers that have a wall thickness
of nore at”least 1/16" and are in the formof at | east
one of t heottet beaningrgald ahgaanentesviowsde tvams of pi pe,

sections of tubi.n and structural ,shapes:. and
oot boart et At fher P BalsRRre SERRESGH o o
t he lowHianhperain/chiopatic tatk-giadity plaes tatkidvaae of the
out er. beari ature/cryogenic

| i qifbgknepL? B”\Aeg’lﬁ hﬂé?ﬁf‘@ll@g’%}i%§ e Ydt er bearing
wal ledshafo shySark FARE Fth TUSxibIe sitadt@fal members that have
a wall thickness of more at 1east 1/16” and are in the form of at
least one of the following components:
sections of pipe, sections of tubing, and structural
shapes; and
load-bearing insulation between the outer surface of the

inner tank liner and the inner surface of the outer bearing wall.

9. A low-temperature/cryogenic liquid-storage structure

comprising:

an outer bearing wall that is impervious to vapor;

an inner tank liner that has walls comprised
conventional low-temperature/cryogenic tank-quality plates
that have a thickness of at Ieast 1/16”, with flexible structural
members; and

load-bearing insulation between the outer surface of the

inner tank liner and the inner surface of the outer bearing wall.

10. A low-temperature/cryogenic liquid-storage structure as recited
in claim 9, in which at least one of the plates has a thickness of

between 1/16” and 1/2”.
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an inner tank |liner that has walls conprised

conventional | owtenperature/cryogenic tank-quality
w@bk@bes7ishat have a thickness of at | east 1/ 16PCT/Wb1005/037619

flexible structural menbers; and | oad-bearing

i nsul ati on between the outer surface of the inner tank

l'iner and the inner surface of the outer bearing wall.

10. A lowtenperature/cryogenic |iquid-storage

181 I HGEW i EnRRartir8oho@nicNiqelddtbRads studni¢dli ch at | east one
of the pl altﬁéas hax;yb%@thi ccﬁlness %:‘ between 1/16" and

1/ 2comprising: | ow- tenperature/cryogenic |iquid-storage
structurg o%?éI‘BEArﬁlgp%n At RYhpErvIvGatd BgoMal | that is

i mper vi ous to vap an 1nnet tank liner that has
wal | s comyinnes ¢xohk dinelr that baspeallstcamprisedrof deyeni ¢

tank-qual it | at es t hat,.ha [ a of at
Rk e Sk AT S T e
mendyes 6f atadusk 1003guhededtnwith flstiblatsirastuabt ween t he out er

surface o]‘ the inner tank liner and the i nner surface
of PRBELESI®E bearing wall. 12. A

| ow- t enpRrabakRb SRR et defl WhelbutératuagR oSttieuct ure as
recited in claim1l1l, in which at | east  one lof t he

pl ainasr thalslingr aug the denersegacsiol fhe qutdeatiigotall 200 square
feet. 13. A-lowtenperature/cryogenic |iquid-storage
181 I WObWLtempQMfe/cPyFEbnic liquid-storage structure as recited

in claim 11, in which at least one of the plates has a surface

area of at least about 200 square feet.

13. A low-temperature/cryogenic liquid-storage structure
comprising:
an outer bearing wall that is impervious to vapor;
an inner tank liner that has walls comprised of low-
temperature/cryogenic tank-quality plates with flexible
structural members that have a wall thickness of more than

1/16; and
load-bearing insulation between the outer surface of the

inner tank liner and the inner surface of the outer bearing wall.

14. A low-temperature/cryogenic liquid-storage structure as recited
in claim 13, in which the wall thickness of at least one of the

flexible structural members is between 1/16™ and 1/2”.

15. A low-temperature/cryogenic liquid-storage structure
comprising:
an outer bearing wall that is impervious to vapor;
an inner tank liner that has walls comprised of low-

temperature/cryogenic tank-quality plates with flexible
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an outer bearing wall that is inpervious to vapor; an
inner tank liner that has walls conprised of

wO oabonTIes at ure/ cryogeni c tank-quality pl at esP@i/UB2005/037619
flexible structural nenbers that have a wall thickness
of nore than 1/16"; and | oad-bearing insul ation
bet ween the outer surface of the inner tank |iner and
the inner surface of the outer bearing wall. 14. A
| oWsthRFREmdnteas iy agemine foingof diabinagethst ruct ure as
recited . in claim113, in which the wall thickness of at
| eaftlloying HMPOMENS) exi bl e structural nembers is
bet ween Jdchbhs AHfipd sectionslsr tubling, and structural
| owt enper at ure/cryogenic |iquid-storage structure
conpipes;apd an outer bearing wall that is inpervious

to Vaporfoa@—%e%xﬂx?%f}msﬁl% et tﬁé‘ﬁ{te ﬁffaéé’%'f conpri sed

of | owt enpera cryogeni ¢ tank-quality plates with
f | ekinbt sk tines tandathe imperzerface dfdbe @rter bearingwall.or m of at
| east one of the follow ng conponents: sections o f

pi pe, sections of tubing, and structural shapes; and
| oad- bearing insul ati on between the outer surface of
the inner tank |liner and the inner surface of the
outer bearing wall.
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