WO 03/ 031274 PCT/ US02/ 31498 SUPPORT ARRANGEMENT FOR SEM - MEMBRANE TANK
WALLS BACKGROUND OF THE I NVENTION This invention relates to arrangenents
for suppowDimgshe walls of 5 sem -nenbrane tanks which ace/usobpres to

t hermal expansi on and contracti on. Tanks for holding lIiquefied gases such
as |iquefied nat uSAPRERT ARRMNGEMINBHOR SENEMNEMBROANAS ANKSWAIIS on of
the type described in United States Patent No. 5,727,492 in which the tank
wal I's are not sufficiently rigid to be self supporting and require a
surroundi ng support structur f grid of 10 beans or
the Ii ke connected to the ne Yo PH ough i nsul ating

bl ocks. Because the tenperature of the tank malls may vary between | ow
tenperature when the tamks GO&HtRNISIaRks kd mgeaen@@a RPBPoAAB e aliesoer at ur e
whereas the supporting structure is nornal at the anbient tenperature
the tank wal | sembipepbransipksorhielvarssikisetde theemll axpagsion ard ¢dngpetidn. expansi on
and contraction with respect to 15 the supporting structure. The Stafford

Pat ent No. 4,013, 030 shq\gﬁ] e al LNG t ank
consisting of a circular ar%@ﬂg};&ﬂglh(gfehgﬁg s@?ﬁ}d agtlthB%ﬁedgmi%gﬁﬁ%a& t he
top to the tafk.N@t) may h:h,e atxehmmmma@ &@nseudtidh ofdseyps desddbéd tamtearti cal
key with radial contact faces |ocated between and in slidable contact with

a pair of opposd ‘F'ngaiglt%)r §t7@3449?§b@’§1°8ﬁh6ataﬂlém§/a@dm atlfﬁmgﬂanlgtsb@ bsessli ng
i nsul ati on bl rt'ﬁ?%

consi sting of lek% eeve an PJ%S “?aﬁﬂp%néﬁt‘ﬂm‘t@?%afﬁ gg%/ | ch
are rel at lQel peams att thbllike abrma:tted tevthetmenalbrawwsus dinthe tamikkhios gl tnsalatlflg ee to
expand hori zo W th erature an ecause of the sliding notion
of the bl ock% 9‘?5‘? hEe %&%ﬁ@%ﬁﬁ’é@ {]t:ﬁ Wé@ﬁﬁ@é{vag‘/‘heét”ﬁtfa ONeGMpFEEE el v
radial to theydpnidane c&rﬁﬁh@ Ehaﬁéﬁéd%%s @hd m&eﬁ(@hﬁ&)@fauﬂé’%}htefe‘agﬂfég of the

conponents through the sleeve and the cylindrical elenment. A spherical LNG
t ank, however supporiseg SU’IEUJQ@ oriormgllpaidhe dobenhismppraégertie tahle welloiragine of

relative moti Oan e& 18 SEess & r\é?ultmg 1£rom tﬁermal expragﬁgnn and contraction with respect to

15  the supporting structure.

The Stafford Patent No. 4,013,030 shows a support arrangement for a
spherical LNG tank consisting of a circular array of support units each being joined at
the top to the tank and at the bottom to a circular base and having a vertical key with
radial contact faces located between and in slidable contact with a pair of opposing

20  vertical faces of a keyway containing a load-bearing insulation block. Each support
unit also has a vertical coupling consisting of a sleeve and a cylindrical element
within the sleeve which are relatively rotatable about a vertical axis. The tank is thus
free to expand horizontally with temperature changes because of the sliding motion of
the block in the keyway and the sliding action is maintained precisely radial to the

25  tank's center because of the angular positioning of the components through the sleeve
and the cylindrical element. A spherical LNG tank, however, is self supporting and
does not present the problem of relative motion between a wall of a semi-membrane

tank and an adjacent supporting structure.

SUMMARY OF THE INVENTION

30 Accordingly, it is an object of the present invention to provide a



tank and an adjacent supporting structure. SUMVARY OF THE | NVENTI ON 30
Accordingly, it is an object of the present invention to provide a -1 WO
03/ 031274WB@30&130L/ 31498 support arrangenent for sem - merorarse2swsk wal | s
whi ch overcones di sadvantages of the prior art. Another object of the
present i nvensuppnrtiasrahgenpend Yordema nengpand tankawaldstgkick nivefcomes disadvantdgesaine
tank wall s Wmfc@ serm’ts relative notion of the tank 5 walls with respect
to the suppor I @EPUBE#fe while providing thermal insulation between those
conponents. These and ot her objects of the invention are attained by

providing a support stauethdF §bjB@\f Rk Fedthtin@bition i91o SrepRIeatsuppdrber s
di sposed adj acent to the walls” of a sem -nenbrane tank and a plurality of
support assendiringsmedhioe seringemheane sk walswalitlsparoits helatiegapetien aiiip dank

o141 e 800 BAL UL AR SR LKGoR AR RIL P BBILSER S °

conponent af f bat@ded those Satpspichtsmenber, a second support conponent affixed
to a tank wall, and a support structure permtting relative sliding notion

between the first and second _cqnponents .in two orthogonal directjons while
provi di ng vertical | oadlhesesadofhegolispssf therpyentipg a’(ﬁaﬁ%qa!neﬁrbé(fpé?‘égﬁnﬂat he

support struc i H%e& - ' ' i I ng
a T-shaped ve%%bﬁjggls%{:)tn |gl}’;ﬂ1 %f@ﬂr V\n%?ﬁf%%poeﬂrtlgégg}r%%d} OI %tﬁ&ﬁééegﬂogggwﬁé’
supported in dohesdmirmembrapp tmk andapdurelity cdsgbpmnt dssinebliealcopnastiug thesthnldabl y
recei ving parf of the second support conpponent, the gropve being oriented
or t hogonal {y WL 9 1b8 FEEIDSF PR SFIGHTR GOd PPEBHIngAaRvS HEUREDPE PETeER
with respect h@n?GntaiRefohtd bmPYMARNE cf8 FRSIHR sserhBly dndli s Al Airgkudps@ngement
each of the supported tank walls is provided with stiffeners to which the

second suppor tompmsohafifixed tr suppbit xenber, BRICEFMADESPRI PIENeDE affiied BRAW NGS

tank wall, and a support structure permitting relative sliding motion between the first
and second components in two orthogonal directions while pfoviding vertical load- .

15  bearing support for the wall. Preferably the support structure includes a load-bearing
insulating support block having a T-shaped vertical configuration with an end part
which is slidably supported in the first support component and an internal groove
slidably receiving a part of the second support component, the groove being oriented
orthogonally with respect to the sliding direction of the support block with respect to

20  the first support component. In a preferred arrangement each of the supported tank

walls is provided with stiffeners to which the second support components are affixed.

BRIEF DESCRIPTION OF THE DRAWINGS

Further objects and advantages of the invention will be apparent from a
reading of the following description in conjunction with the accompanying drawings

25  in which:

Fig. 1 is a perspective view schematically illustrating a representative
embodiment of a tank having semi-membrane walls supported by a support

arrangement in accordance with the invention;

Fig. 2 is a perspective cutaway view showing a representative

30 embodiment of a support assembly used in the support arrangement shown in Fig. 1;
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Furt her objects and advantages of the invention wll be apparent froma
reading of the follow ng description in conjunction with the acconpanying
drawi ngs wR33josizéhi ch: Fig. 1 is a perspective view scheneCrasod/y1498
illustrating a represe nbodi rent

.a ve . a tank havyi.ng se
wal |'s supported by a sﬂ% 1 a S Véﬁ‘ﬁélﬁ%‘?ﬁlt’g%?te%?@&?ﬁ&%tﬁ Sﬂlﬁp‘t @ssF‘g‘g{é'ntlon
Fig. 2 is a Qﬁﬁﬁﬁ&@tlh%&iﬁﬁwe\wsﬁmm ng a representative 30 enmbodi nent
of a support assenbly used in the support arrangerrent shown in Fig. 1; -2
WO 03/ 031274 PCT/ US02/31498 Fig. 3 is si de view showi ng, t he conponents
of the support assenbl tFlgI‘tﬁ%ﬁ&@&f“t?fthﬁ@%ﬁﬁwwyewv%mﬁgr% Fig. 2
Fig. 4 is an end view of the support assenbly shown in Fig. 2; Fig. 5 is a
perspective cutaway VI ort
assenbly for use in the uppoﬁﬁsz’%tg%gcg{r?e%a % own Ihﬁ%‘&ot@r%&bﬁd@%@ S
an end vi éw aff atshppastpsenblydeseseiih yhestupport mmaﬂ'gegxenﬁshomﬁﬁﬁm AThN OF
PREFERRED EMBODI MENTS | n the represent ative enbodi ment of the i nventi on

schematically illustr t ank. as a top
wal | 12 and four side $s lfzim engﬁlegva%tﬁh%‘mpo Hﬁﬁ%ﬁh lgf ‘stiffeners
16 affixed to its outer surface. A pipe tower ext ends above the top

wal | 12 at the center OﬁDES(eRM@Nt@FPR@PBMEEMB@DmM enptying of the

tank. Each of the slide walls 14 and the top wall 12 are supported froma
schematically illustrated support carriage 20 consists of a grid._of
i ntersecting beans 15 IpShegepierenigfive lm%otfgﬁlﬁt‘ﬁilt@ﬂd%%lqt@a]& t he

tank. The su %ﬁke] |

application ger | a éaﬂ]{&%%g/ %%%ngg%agt&lgt u()hﬁéa@%t&'ﬁ%%f@%gﬁ f&ﬁg%%gl%?g of

whi ch i s 10nceagowall aviby an efrey efistetdnersdioraffiidueto his amter 2@cfaree A pipe tower 18
extends above the top wall 12 at the center of the tank to facilitate filling and

emptying of the tank.

Each of the slide walls 14 and the top wall 12 are supported from a

schematically illustrated support carriage 20 consists of a grid of intersecting beams

15 22 which surrounds the top and sidewalls of the tank. The support carriage 20 may be
of the type described in copending application Serial No. 09/873,508, filed June 4,
2001, the disclosure of which is incorporated by reference herein. The beams 22 are
connected to the tank wall stiffeners 16 by a plurality of support assemblies 24 and 26
which provide load support in the vertical direction and permit relative sliding motion

20  in the horizontal direction between the carriage 20 and the adjacent wall 12 or 14.
Each support assembly 24 is arranged in the manner described hereinafter to permit
relative sliding motion in two orthogonal directions, represented by the arrows 30 and
32 in Fig. 1, to accommodate thermal expansion and contraction of the tank walls

with respect to the adjacent beam 22 in carriage 20.

25 The support assemblies 26 connect the side walls 14 to the beams 22 of
the carriage 20 along a horizontal plane in the vertically central region of the
sidewalls. Those support assemblies permit relative motion between the walls and the
carriage beams only in the horizontal direction, as indicated by the arrows 34 in Fig.

1, thereby accommodating relative horizontal motion due to thermal expansion and

30  contraction while providing load support for the sidewalls in the vertical direction.
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connected to the tank wall stiffeners 16 by a plurality of support
assenblies 24 and 26 which provide |oad support in the vertical direction
and per mworoglatzive sliding nmotion 20 in the horizontal diPceatSopsu4bet ween
the carriage 20 and the adjacent wall 12 or 14. Each support assenbly 24
is arranged i n t he manndremtesotatibe dnhedizienadfiasupport pssemibly 24 wslillustiaéedsini di ng

notion in t .orthogonal directions, represented he arrows 30 and 32
T E g, 1, 1 oA StRR . Jek SOOI 24 e P orire T 4Rk
wal I's W th resResloftOspbbE3@HhAR SNAFREAR i&Dak&13S & brledtahe &iffebersTiorSppOr t
assenblies 26 connect the side walls 14 to the beans 22 of the carriage 20

al ong a hori Zamk will ? bhreuppartehe syederhleck 4Qbayvitg ¢ glooved? shidfreedigcssindewal | s.
Those support e i 1.t | at | ion.:he I d the
carriage gearreél ?%%?d;m%a%%ti h@%@ﬂ%(ﬁt@hﬁ%@g{q rgﬁt,l&aﬁs%?jg |1¥(1:1§tGé Béc{}ﬁl%}att e arrows
34 in Fig. Iguiddocbin the tagitodiaili digctiel ff thy grdoet | reprbaltedipy therardue3d o

t hermal expansion and 30 contraction while providing |oad support for the

si dewal | s i n @& sgemd mambey; 1p &g fogn of a.buaolsgd Hawhigh s fiedria mpasacerigesam
representativg o%*ﬁ?é)gelrgfi%@ Z(g, Tlge éﬁ@@ﬂ%&k @@ﬁ%{% %ﬂ ged ﬁaIHJel 5 éﬂ% Sudply Fi oS

2-4. As best 'seen in pport ass I nc I'rst
conponent i n retdieedfiarhe bfacket 4paoperdht whitivh nigioafbkiweed tht guitisbloakd038dt 0 one
of the stiffepers 16 on the _tapk wal] to_be supported, ui de bl qck 40
havi ng a }gr odbecupaghmen PER i dawt@n@ﬁﬁhagf@}@ﬁ tharemie 39 4 1IN t o
permt rel atiyg gokizon between the spool and the guide block in the

| ongi tudinal direction of the groove, represented by the arrow 30 and a
second nenber in the formof a bracket 48 which is affixed to an adjacent
beam 22 of the carri agirefoablythe spadld® ibmadk oo amaluminuy pleyadtabledaye 52

that is slidabl recej.ved in the brac 48.t0 permt relativ i on
bet ween the gcay%@g:nm aé’@b(}%t?néﬁ'&hfd@?]oé' %@? ﬁug]égg%wg%e %&i ﬁglphagﬂg? 1trn(%ct i on
orthogonal t astdifiRssAtEDWIBoh &8s 4 bfhet HeR@lalBondbdivigthavalddinddi effekablaylokie
spool 36 is nmade froman alum num al | oy suitable for

through the support assembly is to be minimized, the spool 36 may be made by

welding discs to opposite ends of bar stock but, to reduce stress concentrations and

improve fatigue life while insuring perpendicularity between the spindle and the

enlarged ends, it is preferable to make the spool 36 by machining a single piece of bar

stock on a lathe.

20 In order to provide thermal insulation between the walls 12 and 14 of
the tank 10 and the beams 22 of the support carriage 20, the guide block 40 is
preferably constructed from a wood laminate capable of providing a high load-bearing
capacity as well as thermal insulation between the tank wall and the support carriage.
One suitable material for the block is a resin-impregnated compressed beechwood

25  laminate marketed under the name "Lignostone" by Réchling Composites.

The support assemblies 26 which permit relative motion in only one
horizontal direction and provide vertical load support in the orthogonal direction, are
similar to the support assemblies 24 except that one of the first and second
components thereof, preferably the spool 36 together with the corresponding groove

30 42, is omitted so that the guide block 40 is affixed directly to the stiffener 16 with the

bracket 48 oriented to permit relative motion in the horizontal direction.



cryogeni c applications such as Alloy 5083 but it also may be made from
austenitic stainless steel, which has a | ower thermal conductivity than
al um numwoOfo3bersral | oss 15 t hrough the support assenbl yPCI/US02/bE98

m nim zed, the spool 36 may be nade by welding discs to opposite ends of
bar stock but, to redude asthessicenbedimatj onppardsseinipy 60,61l fsnaiaghie phitf e

whi | i i di cul ity bet i ndl t he. | d ds,
't 1S pref er BB AL RANIES SIBPON B Sharhk B DO ol BichiTa & £ By
stock on a | aghe . 2Qele G thd $ddl 9 hitPad 853BA ehd'S8HREVODiLEEIRA 6bhe

c
wal |'s 12 and 14 of the tank 10 and the beans 22 of the support carriage
20, the gui deviithoekentB dosn the siflex anidl ajongahe bettarm efl thergyidesbloghott, | ami nat e

bl i di i gh | 0ad- i i . el |
Choul ati of bttt nelafiRe RO LGB T R o B AT
material for ,thebeak rdifiv heRnbIithP§RENSE Rtkhe aBéRaSEdhd Q6N dinhis

| am nate marketed under the nanme " Lignostone" by Rochling Conposites. The
support assewrbhfigeatien fhitensilpeanacity pEtha svrpeTiasssRly innedmyitedhy theor i zont al

direction an .ovide vertical.]load p t r LLection,
are simlar %tegélflﬁéga%whlheggédgﬁ%k?sﬂ agﬁ{ X 8€%€tﬂgﬁ%to bg(ggg}gﬁél}lﬁg&%&? and
second conpepesitdisct MerReTer, P efeevaddvrstthe esdadlthdgrobogss, peeventihdttiche
correspondi ng groove 30 42, is omtted so that the guide block 40 is

af fi xed d0r ecpPyl frasn pawingqut pEREEIA%EWi t h the bracket 48 oriented to
permt relative notion in the horizontal direction. -4 WO 03/031274

PCT/ US02/ 31498 I n an al i i L Tole] ; :
illustrated in part inAlgl{og%ﬁlﬂgqunﬂ@%Q hlgﬁﬁealdcgjg a Sg%%ﬁ‘?%%ggﬁg%ctgg and a
gui de bl ock Sfecifibembodiasnts ryanyouedifi6Bione anéraiations teranwibteadiy ospotd 52

and an enlarged e 8 recejved i bracket 60. which ends down the

si des and al ]H‘Qsetsﬁ’glegé‘? f}ErﬂrBfA‘icﬁg{}@ﬁVﬁ?éla%llcﬁcY RUIPDS %‘n‘g{}]@?{)&%ﬁ&mﬁ Y encl osi ng
the guide bl qglull wiBRA\hOBdsh Mopb 3£ itk ikf@tBRI tom wal | to acconmodat e
relative notion of the spool 52 inthe direction of the groove 56. In this



configuration the tensile capacity of the support assenbly is not limted
by the - bending strength of-the guide block 54 at the .root of the groove
56 whi ch wemeioyes4t he spool disc. Mreover, the sleeve cocerisoybends of
t he groove 56, preventing the 10 spool from passing out of the groove.

Al t hough the invention has been descriéfgmlzgrei n with respect to specific
enbodi nents many nodi fications and vartatrons therein will readily occur to
those skilled in the art. Accordingly, all such variations and

modi fi cations are i ncludeeuppotthirangdirernit forenged-rsanipenefank lwealli cowgmisingn. - 5
WO 03/031274 PCT/ US02/ 31498 CLAIMS 1. A support arrangenent for a

sem - menbrane tank wal | My Of BEPPoTtiRcIabes 155?“3&@&6‘%%” &ML di sposed

adj acent to }nr%ﬁﬂﬁ 5 rane tank wall; 5 a plurality of support
assenbl i es connecti ng {om?’he support nenbers to the sem - nenbrane tank

ml : and Jrovi di ng suppordplfmtityt dfesupporkassemhbliésrconténding do tHecwippati r ect i on
ile permtting relative sliding notion- therehetween | t .| east...one
horizontal df® ’I'S&H?heesfc‘?ﬁ‘n%%dtﬁa‘g‘? ta ?@H‘@P PIOYAHE PR oL trf]’f ﬁ%ettalﬁ%?fﬁ%ﬁb nt

affixed to agyfankical Birddoh wile$RARMELLRMAIE Sdin SRIVAGH tidréleorRebntif a5 1eARON t

menber, and a support structure connecting the first and second conponents
and permitti oge heizanial dirgdtiodj ng not.ion between the first and second

conponents in a horizontal direction il e providi i pport
for the adjacent, tank vvaeiafzgs?.poﬁ a§WSﬁ¥fn05®#%%§%%?m (g%ey? %ﬁ“h‘&b?"gﬁc aim1
wherei n ihe adilaseRbnd dSmp@fekt Member 4k etRSupForafeabenlans hishfprestaictuze whi ch
the first conponents of the support assenblies are affjxed.. 3. A support .

arrangenent ecwseidngifetisstendseaond ghmpensnis 3nd perpiing relative sliding motion

between the first and second components in a horizontal direction while providing

vertical load support for the adjacent tank wall.

2. A support arrangement according to claim 1 wherein the adjacent
15  tank wall includes an array of stiffeners to which the first components of the support

assemblies are affixed.

3. A support arrangement according to claim 1 wherein the support

structure comprises a load-bearing component made of thermally insulating material.

4. A support arrangement according to claim 1 wherein the second
20  component of each support assembly comprises a bracket arranged to receive a

portion of the support structure in horizontal sliding relation.

5. A support arrangement according to claim 4 wherein the second
component substantially encloses the portion of the support structure which is
received in sliding relation thereto while permitting relative sliding motion between

25  the first component and the support structure in an orthogonal direction.

6. A support arrangement according to claim 1 wherein the support
structure includes a groove permitting sliding motion of the first component in a
direction orthogonal to the sliding motion permitted between the structure and the
second component and the first component includes an enlarged portion received in

30 the groove of the support structure.



structure conprises a | oad-bearing conponent nade of thermally insul ating
material. 4. A support arrangenent according to claim1 wherein the second
20 conporwpoto3osizeach support assenbly conprises a bracket parrasnyadg o
receive a portion of the support structure in horizontal sliding relation.
5. A support arrangenent. dbmmmdﬁmgnngmumamnwﬂﬁm@BIQMMlﬂNéwsé@dmdmﬂUadbonent
substantially. encl oses rtion of .the support truct
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noti on bet weeofén bdteebd S usiNRBRBErs aNd tHetenISWRAR & twbrthtplotAlehorRoal
orthogonal direction. 6. A support arrangenment according to.claim1l wherein
the support d&tactietsure i ncl udes a groove permitting sliding notion of the
first conponent in a direction orthogonal to the sliding notion permtted
between the structure and 4o, g%&%@%‘?@h ?d‘éial%‘?uf fe? tHeQAHOR

i ncl udes an enlarged portlo ecelve % roove o e suppor
structure. 1 is@ri¥¥deddd H38HcA pPOE/ SN BHAS 8 ﬁiﬁheﬁphmﬂny foff sw;roamgﬁmiies
according to claim 1l wherein . the, tank wal rie ed |n hori zont al

pl ane and t heA&HBRbIY %%%PY%@I%&WW sty dhogp iSBPPPEt ween
Lhe suppor t neEReES iR0Gh Az AR Actida it ebioRd. hogonal hori zontal .
directions. 5 8. A support arrangenment according to claim1l wherein the
tank wall is oriented in a vertical plane and including a further
plurality of support as$erbippsrt azanganyend acaording ki ¢laine B an whechghé slippgrtnot i on

b k d i bat h
et Tem I s s Ml HRREY dre o TRR( Yo eaPt Hall 2Ll R, i ci

the support &l RESEEBbiestalcchldelihestihetanp! ural ity are connected to the
tank wall at | ocati ons above and below a horizontal center line of the

tank. -7




