TANK W TH REI NFORCED CORRUGATED MEMBRANE Technical field of the invention 5
The present invention relates to a fluidtight tank. In particular, the
present invention relates to a fluidtight and thermally insul ated tank
intended for transporting liquefied natural gas (LNG by ship. 10 Prior art
Docunent FR 2 781 557 describes a tank ﬂanrporated into the structure of a
ship, for transporting LNG The walls of the tank conprise, in succession

fromthe 15 Egﬁkgﬁlgﬁ Fg?NﬁéﬂEEBuﬁﬁﬁﬁggA%EﬂrMg§?§AﬁFUidtight barrier, a

primary ther I nsu Ing barrier, secon uidtight barrier and a
secondary thermally insulating barrier. The primary fluidtight barrier is a

menbr ane progdegdidgingie0nr vgatgd meiahrshgets nmade of 20 stainless steel.
More specifically, each sheet has a series of corrugations running parall el

to the axis of the ship and another series of corrugations perpendicular to
t he axi s =of The phiepen?S iDdmg Aperelatds vechamledldtiighes semiar eIn
generated in thgine rane._.These stre%ges.have a_nunher q&ﬁgrigins: t her mal

contraction Rhen the“t ank %%?COEF? Sthe sffecr ot tﬁgﬂﬁkanlof fhe %hip,
t he hydrost afluvigrégbtr enflie therialllliynginantatigdaiankr éssendeduef¢n t he

shifting of §9aﬁ§?o§@5ﬁ ’%Egﬁékﬁé ah ¥u§§13?5§5%fqe§’f bghéhi el The

corrugations provided I netal sheets of the nenbrane are intended to
all ow the nenbrane to deformin order to limt the stresses generated by

theimal 10 Pprior art

Document FR 2 781 557 describes a tank incorporated
into the structure of a ship, for transporting LNG. The
walls of the tank comprise, in succession from the
15 inside of the tank outward, a primary fluidtight
barrier, a primary thermally insulating barrier, a
secondary fluidtight barrier and a secondary thermally
insulating barrier. The primary fluidtight barrier is a
membrane produced using corrugated metal sheets made of
20 stainless steel. More specifically, each sheet has a
series of corrugations running parallel to the axis of
the ship and another series of corrugations

perpendicular to the axis of the ship.

25 During operation, mechanical stresses are generated in
the membrane. These stresses have a number of origins:
thermal contraction when the tank is cooled, the effect
of the beam of the ship, the hydrostatic pressure due
to filling, and dynamic pressure due to the shifting of

30 the cargo, particularly as a result of the swell.

The corrugations provided in the metal sheets of the

membrane are intended to allow the membrane to deform

in order to 1limit the stresses generated by thermal
35 contraction and the effect of the beam of the ship.



35 contraction and the effect of the beamof the ship. - 2 - It has been
found that the dynam c pressure could cause plastic deformation of the
corrugations. Now, over tinme, such deformations can |lead to inpaired
flexibility of the sheets and reduce the fluidtightness 5 of the nenbrane,
particularly at the joints between shées™ In order to increase the abi lity
of the nmenbrane to withstand pressure and to limt plastic deformation, 10
docunent FR 2.8 0 r S Vi [ t he
corrugati onsgtl—fggls QQeB %Bﬁi‘a t-'thgbengf%‘l g%}ﬁ%r&%lgf |§nrre)ér§()£{/%efhé§gl]bc} Fﬁ%‘%f t he
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One problem that, thes@éﬁsen&efcﬂi/@élﬁi&@sSetéaxQUt I@a&ddr@c&S | S ke Df

provi ding a tank which does not have 20 at rfrdaSt S @C (g a}horemantl oned
di sadvant age§18¥1Phe1pYi B8F SPE. SPRSHEr GGl Bt i PRI § R ent i on

is to i myoveft hthé@biembradk t hpapeibudaelyo ai t hsieangiopnessw@twesm as to
avoi d or Ilmé1 g#asti c deformation thereof. 25 The solution proposed by the
invention is Ui dt | ght tank, of which at |east one wall conprises a
fluidtight menbrane intended to be in contact with product contained in the

tank, and a §1‘1p9ﬂr&e1adlcécqﬁcrﬁl éé"etﬁ@ M ANE, olfN W CRehBRYnkhe. grembr ane

conprises at | east one sheeét havi n%e |'east. ohe corrugation, characterized
inthat it coiphftesda REETHWIRI | efrerkinifsePlegtifdete EPENEiPgat i on

bet ween tche gepbhane apd the $¥pPOrtso0 proposes the provision of

reinforcing ribs on the corrugations.

However, it may be beneficial to improve the ability of
the membrane to withstand pressure still further.
15

Summary of the invention

One problem that the present invention sets out to
address is that of providing a tank which does not have
20 at least some of the aforementioned disadvantages of
the prior art. In particular, one object of the
invention is to improve the ability of the membrane to
withstand pressure, so as to avoid or limit plastic
deformation thereof.
25
The solution proposed by the invention is a fluidtight
tank, of which at least one wall comprises a fluidtight
membrane intended to be 1in contact with product
contained in the tank, and a support adjacent to the
30 membrane, in which tank the membrane comprises at least
one sheet having at least one corrugation,
characterized in that it comprises a reinforcing
element inserted under the corrugation between the
membrane and the support.
35
It has been found that such a reinforcing element is

able to limit the stresses generated in the membrane.



35 - 3 - O course, the nenbrane may conpri se several sheets, the sheet
may have several corrugations and a reinforcing elenent may be positioned
under one or several corrugations of one or several sheets. The 5 support
may for exanple by a thermally |nsulat|ng | ayer and, nore specifically, a
pl ywood panel of a thernally insulating3 ayer. Accordlng to one enbodi nent,
the reinforcing el enent 10 has an internal passage which allows gas to flow

bet ween t he ggrr éon and H@ﬁ%@%ﬁﬁgﬂb pr§§l &rggggrgﬁeéﬁ%ég§r0|ng

el enent . ccording to one an e rnal passage allows 15 gas
to circul at ethet weditathe ®8¥r ugd@von aAvernd suppoTugatbyges si agdt hea

reinforcing ?é@ﬁ§8£c1ﬁQVa@1é£§§HS|mh the rgb%ﬁ%&%h%@ el,gHBPt bge MBge of a
mat er i al chosenfrom p %mood yet hy Iene carbonate, gl ass fiber

rei nf or ced pEFvﬁéﬁﬁon ?%ru%%Fy%%%eﬁlﬁnﬁH§faﬁﬁ eﬁﬁ&ﬁaéé pPNSRES T erEhe
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t he corrugat?o pF%F%P & PHe T Y72 8 eFamd %xﬁﬁﬁﬁ%ﬁe at Ieast
one re|nforcungumeblngsldeesald envel ope. Advantageously, when the tank
contai ns no product, the m ni mum di stance between the reinforcing el enent

and the corrugation is conprised between 0% and 5% of the height of the
corrugation. Accoygding to one embodiment, the reinforcing element

10 has an internal passage which allows gas to flow
between the corrugation and the support, passing

through the reinforcing element.

According to one embodiment, an external passage allows
15 gas to circulate between the corrugation and the

support, bypassing the reinforcing element.

Advantageously, the reinforcing element is made of a
material chosen from: plywood, polyethylene,
20 polycarbonate, glass fiber reinforced polycarbonate,

polyether imide and expanded polystyrene.

According to one embodiment, the reinforcing element
comprises an outer envelope the shape of which

25 corresponds substantially to the shape of the
corrugation.

For preference, the reinforcing element comprises at

least one reinforcing web inside said envelope.

30
Advantageously, when the tank contains no product, the
minimum distance between the reinforcing element and
the corrugation is comprised between 0% and 5% of the
height of the corrugation.

35

For preference, the sheet has a first series of

mutually parallel corrugations and a second series of



mutual Iy parallel corrugations which run transverse to the corrugations of
the first series, the reinforcing el enent being inserted under a
corrugation of the first series. O course, several reinforcing el enents
may be 5 inserted under several corrugations of the first series. According
to one enbodi nent, the reinforcing el emdnt has a | ength that corresponds to
t he di stance between 10 two corrugations of the second series. As an

alternative, o091 16nQL0T8%10¢ M8 s | oRgel - -afvankageausly. 4 he

reinforcing elenen insert he corrugation such that it can
slide with 1heespaenudedione nehbthae fHust oseheesuppdet .raimiasingse, the

manuf act ure gf ohbget BAkNE0EH Bt cBNLRAKE 1 55 IR RlgaRtilRL I NG Hher i if or ci ng
elenent. In an alternative form the reinforcing™elenent is 20 fixed to the

menbrane or FBTLRE- sOHpGAUTSEhat SERERL | FeBEQTHIRIt 6LERSHFE MIAt Rohe
reinforcisng ehesevédr enmides pasdtdmiled @dritigatibsns edofocatieon.first
Accordi ng to_one enbodi nent, the nenbrane has an 25 undercut, the

rei nforcing 2FEhETt being clipped to or wedged in the undercut. According
to one enbodi nent, at |east two reinforcing elenments are positioned

ool ALOOEL S ) G e 0hehn e 0Ly e IEHL e ]

said two rein?orC|ng elements formng an en _ said two
rei nfor ci ng BReméntlengHusthahe coameseosidsy & ekt disthalce RPIWeRN by t he

other ang thggokeplodfuRPSIdAPN. of- Sthe second series. As an

alternative, this length may be shorter or longer.

Advantageously, the reinforcing element is inserted
under the corrugation such that it can slide with
15 respect to the membrane and to the support. In this
case, the manufacture of the tank does not entail a

step of attaching the reinforcing element.

In an alternative form, the reinforcing element is
20 fixed to the membrane or to the support. That makes it
possible to ensure that the reinforcing element remains

positioned at the desired location.

According to one embodiment, the membrane has an
25 undercut, the reinforcing element being clipped to or

wedged in the undercut.

According to one embodiment, at least two reinforcing
elements are positioned respectively under two adjacent

30 corrugations of the membrane, one of said two
reinforcing elements forming an end stop for the other
of said two reinforcing elements. Thus, one reinforcing
element is held captive by the other and thus kept in
position.

35



Advant ageously, the reinforcing el enent has at |east one weak point able to
deformor break if subjected to a stress above a determ ned threshold. 5
That makes it possible, through controlled plastic deformations of the
menbrane, to determ ne the pressures experienced by the nenbrane and to
identify potential risks of danmage to'Tﬁ%'UnderIying support. 10 For
preference, away fromthe corrugation, the nenbrane is in contact wth the
support. The [ n r on.c ing a

t ank accord|%80¥ﬁg%h88u%h§é ﬁ%@%ngﬁgﬁ% f%q%ﬁl 3188Q§£ LH§%1 ato?ﬂ%%ﬁg ot her
type of floa®PPfAgveast HAiamt ablariefdgésen pri @ﬁreéwk titfe su@lﬁ@se@cﬁqhe

i nvention mﬁglSggeggtggbvgngeagkggglngadtgygghoggjects details, features
and advant ages t her eof beconme nore clearly apparent, during t he course
of the follow ng descrlptlon of one particul ar enbodi nent of the invention
whi ch has beehagi veakesl ey bigoweyodé, 25t]‘jﬁd31hc_i3]m' td:dﬂ:@tfdﬁl]@cﬂe lwlaélti@f erence
to the accongag in drawi ngs. In.these d%amﬁng gur %8 eéspectlve
view of a cort éﬁ? §18HEet %ﬁ aﬁ?ﬁ%k et F%Pﬁg td one 5 5@|R§nt t he
invention; 3prebsyuee 2perdquereshebyi whevirsmbrrns 08sdsdct | bientify
corrugation r ed s f-fi e atorci ng

el enent acco?étgﬂg%ggaE ??%tg§|P§ﬁ% gl&é ?g%nﬁﬁde§@91ﬁ%gﬁpggbgtto 9 depi ct,
in perspective, various 35alternative forns of the reinforcing el enent;

figures 110 a?@rliar@QEk%hce' N 5695 F1SRE AN, c b Refa d &€) Nghé VigehBF aBe Of the

rei nforcing eI enent ;
is in contact with the support.

The invention also provides a floating construction
comprising a tank according to the above invention.
15 This may be a ship or some other type of £floating

installation.

Brief description of the figures

20 The invention will be better understood, and other
objects, details, features and advantages thereof will
become more clearly apparent, during the course of the
following description of one particular embodiment of
the invention which has been given solely by way of

25 nonlimiting example with reference to the accompanying
drawings. In these drawings:

- figure 1 1is a perspective view of a corrugated
sheet of a tank according to one embodiment of the
invention;

30 - figure 2 is a perspective view in cross section of
a corrugation of the corrugated sheet of figure 1,
and of a reinforcing element according to a first
alternative form;

- figures 3 to 9 depict, 1in perspective, various

35 alternative forms of the reinforcing element;

- figures 10 and 11 depict, in cross section, other
alternative forms of the reinforcing element;



- figure 12 is a view of the sheet of figure 1 from above, at the |ocation
of a corrugation intersection, and a view in perspective and partial cross
section of a reinforcing elenent 5fixed by clipping under a corrugation;
figure 13 depicts a reinforcing elenent intended to be positioned under
several corrugations at the sane time;” énd figure 14 is an expl oded
perspective view of two 10reinforcing elenents collaborating with one
another. Detail ededgscel ALl an, of png, egpoghuelhaat Uie JMNAI I el A tank
according to one enbodinment of the rnvention nay have a tilayer
structure sinilarabPevehe takks dhedocdRBAEEORR 20781 857 eeurvdeRigsl 060,

whi ch documents wepeegkbedibh,t heyddit rodugieny Rart .pdibsRaidiwl agngt he
tank has a primary fluidtight nenbrane 20 made with corruygated. netal sheets
which rest on a pé?%ﬁéalpa EPSBf SePriRr WY hér mRPEREPRSPLt | T eYer. As
the generml aspectsxeli bl slipbtinbayedest auebut-egateoknaown, the description
her ei nbel ow rel at s hgethﬁasgeckgg featugeg of the tqgg aqgorg'ng 19 one 25
embodi ment of the irAVEMtioh. “TRe“sReét 1 ﬁeﬁ?g?éagi F&ﬁ?e IR
corrugat ed sheet teadbeofpostidiiviness wides! seferactermguigat oves skt shape. The
primary fluidtightperpsane g&dthe tank is produced 30 by wel ding several
sheets of this type edge t6 edge. As figure 1 shows, the sheet 1 conprises

three | arge corrugasisfs 12 rimniig SimfacheeERpERt bYSt Naeghadt awo

10 reinforcing elements collaborating with one
another.

Detailed description of one embodiment of the invention

15 A tank according to one embodiment of the invention may
have a multilayer structure similar to the tanks of
documents FR 2 781 557 and FR 2 861 060, which
documents were cited in the introductory part. In
particular, the tank has a primary fluidtight membrane

20 made with corrugated metal sheets which rest on a
plywood panel of a primary thermally insulating layer.
As the general aspects of this multilayer structure are
known, the description hereinbelow relates to the
special features of the tank according to one

25 embodiment of the invention.

The sheet 1 depicted in figure 1 is a corrugated sheet

made of stainless steel, of rectangular overall shape.

The primary fluidtight membrane of the tank is produced
30 by welding several sheets of this type edge to edge.

As figure 1 shows, the sheet 1 comprises three large
corrugations 2 running along the length of the sheet 1,
and nine small corrugations 3 running across the width
35 of the sheet 1. The corrugations are said to be large 2
and small 3 because the height of the large



and nine small corrugations 3 running across the width 35 of the sheet 1.
The corrugations are said to be large 2 and small 3 because the hei ght of
the large - 7 - corrugations 2 is greater than that of the snall
corrugations 3. As an alternative, the sheet 1 could have a different 5
nunber of |arge corrugations 2 and/or of’ small corrugations 3. Likew se as
an alternative, the corrugations of the sheet 1 could have reinforcing ribs

as descri bed ] : 060. , The at | o e e C al so
have ot her c8ﬁ?F§§?§%§§%s,Qfo%glogggéégge %ggﬁn %%gneﬁ?se%E§2 %%%9%47 or
KR-1 0- 200500801709aFiguee32 shows that the sheet 1 rests on the plywood 4
of the underlying thermally insulating layer. As an 15 alternative, the

sheet 1 could rest on sone other type_of support, It may al sp_pe seen from
this figure 5ﬁaﬁ“b.?%ﬁ?ﬁ%ﬁ%¥%%'eFEﬁeﬁPe§tiéPpSQV%?ohéﬁeuﬁHe l?ﬁ%r?%Fge

corrugat imn Aumbetrweest t heasheet cbradattieny yvwwodadd/bp t lef comhakxl of
this description, "under" ans_that .20 the reinforgin l.enent 5_j
covered by tﬁ8r589?gégpﬁon, butLaggglESt ﬁ%%es%%rH%}qéiﬁ%aﬁg%’itt#$es

| oner down. Spertiufatabhg, odn thiee shereti dalcawald shafe t heingoksindgeribs

rei nforcing e S35 14, hegi 2o I hgn t W 8 T rd@at i, on
covering it. g%Sr%ngctrﬁgezixa%pl gﬁo? F%%urtzééz', ?ﬁg Ic\grﬁ?lﬁ%ro%f O’g he rei nforcing
el ement 5 cofhesponds €euife ailsPanBavBet ABBATt WBCBAHFVT2BEPUFati BRE 3. 30

Several yginkorpbig element aScumynds pesiti oned, seackundrria-basge
corrugation 2 between two small corrugations 3. The nunber and distribution

of the reinf8PePAdCl ements 5 may be deternined according to the way in
whi ch the anticipated stresses are

Figure 2 shows that the sheet 1 rests on the plywood 4
of the wunderlying thermally insulating layer. As an

15 alternative, the sheet 1 could rest on some other type
of support. It may also be seen from this figure that a
reinforcing element 5 1is positioned under the large
corrugation 2, between the sheet 1 and the plywood 4.
In the context of this description, “under” means that

20 the reinforcing element 5 is covered by the
corrugation, but does not necessarily mean that it lies
lower down. Specifically, on the vertical walls of the
tank, the reinforcing element 5 1is in horizontal
alignment with the corrugation covering it.

25
In the example of figure 2, the Ilength of the
reinforcing element 5 corresponds to the distance

between two small corrugations 3.

30 Several reinforcing elements 5 may be positioned, each
under a large corrugation 2 between two small
corrugations 3. The number and distribution of the
reinforcing elements 5 may be determined according to
the way in which the anticipated stresses are

35 distributed in the membrane of the tank during

operation.



35 distributed in the nenbrane of the tank during operation. - 8 - As an
alternative, the length of the reinforcing elenment 5 nmay be shorter than
t he di stance between two small corrugations 3 or, if the geonmetry of the
i ntersection between corrugations so permts, longer 5 than this distance.
As another alternative, reinforcing el"fefents 5 may be provided under the
smal | corrugations 3. The reinforcing elenent 5 is put into position as 10

depicted in fLgu 2 i . hei ng.fi x i.ther 40 %Hgﬁg o the
pl ywood 4. I%éca%ﬁthg%g%%ggggygde ? ene?%%@%fg Jﬁ%eﬁh?ﬁe arggé%égﬁigation
2. The manuf @éeUeBtop MRy tkeksheomter okbardosbensti sémigicl ketstagn dfvWe i xi ng

the reinforckhgiel epBREgatiABsan31s @l t erjrat ingRy Iﬁ?bdéﬂﬂy(ﬂdﬁrmhﬁgenEnt 5
may be fixed,to the nenbrane or to the pl ywood 4. ere are nany suitable

shapes for thRCFEPRFOFERNPEIETRMt BIRIRAT NS 6 18SHBHFEL ¥tls shapes
whi ch 20 graytRant thibe diiseadicien Hsguesldd X armatperspecdinvort g of a

slice of reinforci | enent. 5, the t h, of i ch exceed the |l ength
depi ot od. | THE SMEHES & FrguPes PTG ans L ilReonat br At e I
these various.figures, the sane reference synbols are used to 25 denote
el enments that are simlar. The reinforcing elenent 5 of figure 3 has a
solid section. Its two lateral faces 6 are curved and of a shape that

corresponds TBet MERIRFO¥GENGOrIRPRRToN 2. 130 FfeveRtot NROPRELPRI Faces 6
do not extendepsctan as tFhguirep 20f Wik RQr Medald onidedngh dHher red nfigs ci ng
el ement 5 hasha flit t op faﬁf 7. Gﬂs@gan C|rculaterpet en t ewiop.gf t he
corrugati on 3N§RH th&TugfertiaRIYWoQg 4. It can thererore slide 1

necessary under the large corrugation 2. The
manufacture of the tank therefore does not entail a
step of fixing the reinforcing elements 5. As an
15 alternative, the reinforcing element 5 may be fixed to

the membrane or to the plywood 4.

There are many suitable shapes for the reinforcing
element 5. Figures 3 to 11 depict various shapes which
20 may suit. The views in figures 3 to 9 are perspective
views of a slice of reinforcing element 5, the length
of which may exceed the length depicted. The views in
figures 10 and 11 are views in cross section. In these
various figures, the same reference symbols are used to

25 denote elements that are similar.

The reinforcing element 5 of figure 3 has a solid
section. Its two lateral faces 6 are curved and of a
shape that corresponds to that of the corrugation 2.
30 However, the lateral faces 6 do not extend as far as
the top of the corrugation 2 and the reinforcing
element 5 has a flat top face 7. Gas can circulate
between the top of the corrugation 2 and the upper face
7.
35
The reinforcing element 5 of figure 4 has an envelope 7
the exterior shape of which corresponds to the shape of



- 9 - the corrugation 2. A circular passage 9 allows gas to pass through
the reinforcing elenment 5. In the alternative formof figure 5, the passage
9 has a shape corresponding to the exterior shape of the envelope 7, 5 in
order to offer a larger passage area. The reinforcing elenent 5 of figure 6
al so has an envel ope 7 the exterior shafe~of which corresponds to the shape
of the corrugation 2, and a passage 9. To 10 inprove t he mechani cal
strength of e n e I S e ssage
Strength of e LBLOLBLELR, o et Bk BHoCATLAMRDS, 10, 8ERES Ll sRsade
rei nforcing EaﬁﬁenthrpnghIQUﬂEs SIEQHQOEGNHQE glemendd for e%anpﬂéﬁin one
of the foll Oé(‘ﬂrt'f@r &fvéakérmpekyﬂgﬁksng Ie%y@%rs% el e HHASS s

rei nforced pol ycarbonat e, g yet hef imide and éxpan olystyrene They
my be manuf@@¥EewRORding hRy LhG efﬁﬁredﬁﬁ%t%hi‘fé%hﬁﬁqi‘r@e( ISR VEAOPSN ol di ng,

nol di ng, sextinsbpier MBEhbPEEY, aelarger ThEsEQGOf Q@r6ang el enents 5 of figures
10 and 11 have a solid cross section. Their |lateral faces 6 each have 25

two flat bands. As was the case of the reinforcing elenent in figure 3, gas
can pass betmeen rtehieniqmmirng acd emeartd EheofopE'xguztehe &oaﬂagath@a dihe

vood | by Ehedrabe 9 Uhd | HEER:2D AOLT dRYwnigh RI-EDOmS I O

pl ywood, by nmac ereln orC|n el enent 11 has a lug
22 fixed to the IS@me fatethe JquerwgRtPoncan rNdséd I?f%)gsfiigﬁtﬁe To

reinforgigng ghepsnt 5t1t18 thecRANNORY 4scfohgenanpt e ahe t hes i ditched ween
two sheets of plymoo 35
elemént 5, internal webs 10 cross the passage 9.

Figures 7 to 9 depict alternative configurations of the
webs 10.

15 The reinforcing elements in figures 3 to 9 can be
produced for example in one of the following materials:

polyethylene, polycarbonate, glass fiber reinforced

polycarbonate, polyether imide and expanded
polystyrene. They may be manufactured using any
20 appropriate technique (injection molding, molding,

extrusion, machining, etc.).

The reinforcing elements 5 of figures 10 and 11 have a
solid cross section. Their lateral faces 6 each have
25 two flat bands. As was the case of the reinforcing
element in figure 3, gas can pass between the upper
face 7 and the top of the corrugation. The reinforcing
elements 5 in figures 10 and 11 may, for example, be

made of plywood, by machining.

30
The reinforcing element 5 of figure 11 has a lug 22
fixed to its lower face 23. The lug 22 can be used to
fix the reinforcing element 5 to the plywood 4, for
example at the joint between two sheets of plywood.

35

Figure 12 schows, on the left, the geometry of the

corrugations at an intersection between a large



- 10 - corr

ugation 2 and a small corrugation 3. It may be seen that

inthis

region the nenbrane has an undercut 20. The right-hand part of figure 12
shows that the reinforcing elenent 5 positioned under a large 5 corrugation

2 has, at i

ts end, tabs 21 which allow the reinforcing elenment 5 to

fixed to the membrane, by clipping imd&Hhe undercut 20. As an alter

the tabs 21 could be wedged into position.

under severa

corrugati ons

be
nati ve,

10 Figure 13 is a perspective

depi cti on OfcB-LELIN obe! 2acheeaba by whlehbe L Bheaded.! ae sogidd-oned

corrugatlons

at the sane

time. Its sﬁdyﬁicgnré@wdhdgegbonhéﬂmbfm¢mh¢%@¢rbgﬁtﬁﬁhsunﬁﬁ€FH§|ﬁﬁ’at t he

i ntersectiongye Inffﬁﬁ@dhgédpa§§§gesog afggQEgVqud Roblisl N thhe paiHes

situated un
Figure 14 d
positi ongd
corrugation
poi nt, the

der the Small corrugations 3 and under the | arge corrugat
S5 EREOY GG ei GG ePendRSL BLORGRE 20TFFTendRd t1¢
Ltft@hefu@a&@cszgez Cﬁéél,lgaltl ang? aidl, tt@b@t iaer whiidar sd 1smalthe

ions 2.

t t th
AT cPARBALE § cathoRare g odoutioa "STESRIRY them Lo be

posi ti oned reafppymgtmnbnetﬂnnt@nder@utcan 25¥beaseeﬁtemnahn§et|gUﬁe, t he
reinforcing elements, waé§ &ngﬂégr §9§§o§ect|on The various shapes
pr oposed her &1 habove" e re| orC|ng enent 5 allow the corrugations

to deform 3
corr ugatlloon
pressures.

di st ance be
which it is

15

20

25

30

35

0 in the event of thermal contraction and offer support for the
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T h this
Tositers, s ob eelig Brosision oy Be.fpdc or gm0t mum

socat£l tlarbe cogrugetions 2 and small corrugations 3
at the same time. Its shape corresponds to that of the
corrugations, including at the intersections. Internal
passages 9 are provided both in the parts situated
under the small corrugations 3 and under the large

corrugations 2.

Figure 14 depicts two reinforcing elements 5, one
intended to be positioned under a large corrugation 2
and the other under a small corrugation 3, intersecting
where the corrugations intersect. At this point, the
reinforcing elements 5 each have a cutout 24 allowing
them to be positioned relative to one another. As can
be seen in this figure, the reinforcing elements 5 are

of rectangular cross section.

The various shapes proposed hereinabove for the
reinforcing element 5 allow the corrugations to deform
in the event of thermal contraction and offer support
for the corrugations in the event of deformation due to
hydrostatic and dynamic pressures. To achieve this
objective provision may be made for the minimum
distance between the reinforcing element 5 and the
corrugation under which it is located to be comprised
between 0% and 5% of the height of the corrugation when



bet ween 0% and 5% of the height of the corrugation when the tank is enpty
(and therefore when there is no thermal |oading or hydrostatic or dynamc
pressure). The various shapes of reinforcing element 5 each have 5 their
own specific properties: cost and ease of manufacture, nechanical strength,
quantity of material, etc. The npbst apptbptiate shape can be chosen to suit
the application. 10 Nunerical sinulations have been carried out to check

the effect o h | nf.qr ci | e tr es rated in the
menbr ane, asé%%rrgtaa(r@%d vﬁ%{ hégg%gnb?%ﬁ% %1%%%1%?%0 “&%ﬁlnf gggi@%g ie%er#e&nt.
These si mul athensathboedingaer hgdreatahic casedvhanher RAESFBHE! ng
(contraction of the nmenbrane as a result of the cold), the presence of a

reinforcing element 5 does not introduce undesirable stresses_into the
menbrane, i AREh¥EHONE oTRABRST nBf FEAHRGART FhiFHiHr 28pFESiurYDadi ng

(correspendi pgeip t Banhydiestidtic pFesSSerEied: t heosdr gahd t kaser esehice of a
rei nforcing elen?nt 5 allows. the séregses kglthe ran%tx%égxia se, and
in the event™3FUfREFHEF | BEGPAGIGRG S5y TRECH ¢ DB ridds e Tdadt Hy /
(correspondi agct o Thiee mhstanapppopssate shapke azar gog, chbeepr ésengeibf a

rei nforcing . - the stresses in the nenbrane to reduce. 30

Al t hough thegﬁﬁcgﬁéﬁgﬁgkggﬂﬁeen described in conjunction with one
particul ar enbodinent, it is quite obvious that it is not in any way

restrictef thghet9cand dial1ddi SAPhasES wddnt eahniical egui al emtscief the
means described and conbi nations .t hereaof mh%re the§§ %? {ﬁ%'sgiéggégthe
scope of t hethgyvehtesy ©f the reinforcing element o
generated in the membrane, as compared with a membrane
that has no reinforcing element. These simulations
showed that:
15 - in the case of thermal loading (contraction of the
membrane as a result of the cold), the presence of
a reinforcing element 5 does not introduce
undesirable stresses into the membrane,
- in the event of thermal loading and uniform
20 pressure loading (corresponding to the hydrostatic
pressure of the cargo), the ©presence of a
reinforcing element 5 allows the stresses in the
membrane to decrease, and
- in the event of thermal loading and asymmetric
25 pressure loading (corresponding to the dynamic
pressure of the cargo), the presence of a
reinforcing element 5 allows the stresses in the

membrane to reduce.

30 Although the invention has been described in
conjunction with one particular embodiment, it is quite
obvious that it is not in any way restricted thereto
and that it comprises all technical equivalents of the
means described and combinations thereof where these

35 fall within the scope of the invention.



- 12 - CLAIMS 1. Afluidtight tank, of which at |east one wall conprises a
fluidtight nenbrane intended to be in 5 contact with product contained in
the tank, and a support adjacent to the nenbrane, in which tank the
menbrane conprises at | east one sheet (1) having at | east one corrugation
(2, 3), characterized in that it conprises a reinforcing el enent (5)

I nserted under the 10 corrugati on between the nenbrane and the support. 2.
The tank as f& dinclaiml, in which the reinforcing el enment has an

i nternal passage (9) which allows gas to fl ow between the corrugation and

t he 15 support, passing through the reinforcing elenent. 3. The tank as

claimed in ope ofpthe Praceding tahfi Mori Nydtich 2an exheenabnPassage all ows

gas to circulate between tfie corrugation and the support, 20 assing the

reinforcing ePBpERees & Thidn@s AHMHERPE n JJH:eép €4 heDr Sedity

cl ?l ns, | ISE Mkbl?;tlsa@@elmeum; qm:idig:tﬂ :%mfﬁ;hiir@dﬁadﬁ othe tank, and a

mat eri al chosenfrom pl ywood, pol yet ene, 25 pal ycarbonate, glass f.iber

rei nforced pofiRafbo 3@?%@1 yg?he 5 nf“&glgﬁﬁg‘eéxpjarﬁdé%uﬁg’l yg?rﬁlr%enter%e
membrane comprises at least one sheet (1) having at
least one corrugation (2, 3), characterized in that it
comprises a reinforcing element (5) inserted under the

10 corrugation between the membrane and the support.

2. The tank as claimed in claim 1, in which the
reinforcing element has an internal passage (9) which
allows gas to flow between the corrugation and the

15 support, passing through the reinforcing element.

3. The tank as claimed in one of the preceding
claims, in which an external passage allows gas to
circulate between the corrugation and the support,

20 Dbypassing the reinforcing element.

4. The tank as claimed in one of the preceding
claims, in which the reinforcing element is made of a
material chosen from: plywood, polyethylene,
25 polycarbonate, glass fiber reinforced polycarbonate,

polyether imide and expanded polystyrene.

5. The tank as claimed in one of the preceding

claims, in which the reinforcing element comprises an
30 outer envelope (7) the shape of which corresponds

substantially to the shape of the corrugation.

6. The tank as claimed in c¢laim 5, in which the
reinforcing element comprises at least one reinforcing

35 web (10) inside said envelope.



5. The tank as clained in one of the preceding clains, in which the
reinforcing el enent conprises an 30 outer envelope (7) the shape of which

corresponds substantially to the shape of the corrugation. 6. The tank
as claimed in claimb5, in which the reinforcing element conprises at | east
one reinforcing 35 web (10) inside said®rvelope. - 13 - 7. The tank as

claimed in one of the preceding clainms, in which, when the tank contains no

product, the,m ni nce. be gh g{gr g :Qﬁg e
corrugati one?s corqurwpérnl Stl'ea?irtugf;;et%/Seené]\6%l and ?0; tchde{I ethlg Sht Fof 1 rHI
corrugatlonCl%ﬂmﬂhelmam@iﬁhclwhmaiﬁhﬁoﬁénbfQQﬂi%WQ%eGPn@ﬁQQHQEy in

whi ch the sheel ha%idufd raissghtes Wicwadnakhy p@éﬁﬁf@fc.@ﬁ I adieats (2)
and a second series 10 of nmutually parallel corru atlons (

whi ch
transverse tPEhENEoGUFNITAST O 1% hEOPPF §FeLe S eﬁWﬁPTe?%@oﬁdlﬁH{elenent
(5) being i nskstiedigndess ackor cogatgapidr) of the first series. 15 9. The
tank as claimed in claim8, in which the reinforcing elenent has a I ength
that corresponds to the distance between two corrugations of the second
series. 20 19. Theh¢ankamk chai nethimedneimf e precddieng pededing n which

the reinforciigs ghemey ihidiperdid udel tResCOLrugRELON sdiefed Najr It can

slide with respect' to the rane and to the support. 25 11. The tank as
claimed in ometealiyabasalled SONTMIAHIiCAS he2 )k eFRE 0RCISFF B rifiies fi xed

to the Agnbrape qfth@itke SyRPRIiel cbéru Q;lb@l@k a§3 )C| awAe@hi N W@ m 11,
in which the 30 menbrané has an undercy tH% %peé' orC|n elqgent
bei ng cli ppebr#BSVRrARdGRAEPR FRETUFAEE t 17t Seriek,“che

reinforcing element (5) being inserted under a

corrugation (2) of the first series.

15 9. The tank as claimed in claim 8, in which the
reinforcing element has a length that corresponds to
the distance between two corrugations of the second

series.

20 10. The tank as claimed in one of the preceding
claims, in which the reinforcing element is inserted
under the corrugation such that it can slide with

respect to the membrane and to the support.

25 11. The tank as claimed in one of claims 1 to 9, in
which the reinforcing element is fixed to the membrane

or to the support.

12. The tank as claimed in claim 11, in which the
30 membrane has an undercut (20), the reinforcing element

being clipped to or wedged in the undercut.

13. The tank as claimed in one of the preceding
claims, in which at least two reinforcing elements are
35 positioned respectively under two adjacent corrugations

of the membrane, one of said two reinforcing elements



13. The tank as clained in one of the preceding clains, in which at |east
two reinforcing elenments are 35 positioned respectively under two adj acent
corrugations of the menbrane, one of said two reinforcing elenments - 14 -
formng an end stop for the other of said two reinforcing el enents. 14.
The tank as clainmed in one of the prétédiﬁg 5 clainms, in which the
reinforcing elenent has at | east one weak point able to deformor break if

subj ect ed tofé‘rﬁﬁqessaﬁboééﬁg?‘ de gr mped thtesholde, o35 SIhg tanks as
clainmed in one o he precedi ng clalms, 1n rch away fromthe
corrugat i on,reirfopeinanel¢menms contact with the support. 16. A floating

construction conprising a tank as clained in one of the preceding clai ns.
14. The tank as claimed 1in one of the preceding
5 claims, in which the reinforcing element has at least
one weak point able to deform or break if subjected to

a stress above a determined threshold.

15. The tank as claimed in one of the preceding
10 claims, in which away from the corrugation, the

membrane is in contact with the support.

16. A floating construction comprising a tank as

claimed in one of the preceding claims.



