Ship with liquid transport tanks provided with deformati on absorbers The
invention relates to a ship with one or nore liquid transport tanks which
are proviweaosemoassshi p's hull for transporting |iquid nmediraL2ids@oer r ent
node of transporting liquid nmedia, suth as chemicals, oil and agricul tural
products, is mainly in tankers which are equi pped with rectangul ar cargo
tanks that are integral with the ship, so-called parcel tankers. The cargo
tanks are part of the ship's structure, in which the tank walls are forned
by the ship's hull, profiled cross bul kheads and | ongi tudi nal bul kheads

pl aced therein, and the ship's deck. The di sadvantage here is that cracks
can occur in the tank wal | s through deformations of the ship in heavy seas
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hi gh stress concentcfe@glrﬁgiglérp abRecbapks, particularly on the corner points,
which can result in the formation of cracks. If this happens, an opening
can devel op between two adjacent tanks, with the result that undesirable
m xi ng of the stored products can occur. In the current regulations it has
al ready been stipulated for many products that adjacent tanks rrust not  be
filled with difPferBHePi8BucteleteRi SDePnF® pfevenPPEheY | BREQf Liquid
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be transportednaftearidtad mdaotoﬁomx@mspakedng Haveperd, hbdeid,ankscar eas
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al ways be' routine e resu amage can
occur t¢htehe1prom:ttt31e ship’s deck
15 The disadvantage here 1is that cracks can occur in the tank

" walls through deformations of the ship in heavy seas and through
temperature differences. The abovementioned deformations cause high
stress concentrations in the tanks, particularly on the corner
points, which can result in the formation of cracks. If this

20 happens, an opening can develop between two adjacent tanks, with the
result that undesirable mixing of the stored products can occur. In
the current regulations it has already been stipulated for many
products that adjacent tanks must not be filled with different
products, this being to prevent the risk of cross-contamination and

25 to avoid a dangerous situation. Owing to the fact that different
products can be transported in the tanks, the tanks have to be
carefully cleaned after delivery, 1in order to ensure that a product
to be transported after that is not contaminated. However, the tanks
are difficult to clean. This is partly because of the fact that the

30 walls are of ‘a partially profiled design in order to make them
sufficiently rigid, and the fact that they have corner points. This
means that a relatively large quantity of flushing water is needed
for cleaning the tanks, which is expensive and undesirable from an
environmental point of view because the flushing water sometimes has

35 to be discharged as chemical waste. In addition, a slight degree of



subsequently transported. Omng to the fact that the tanks are nore
difficult to insulate, greater tenperature differences can occur in the
stored prwowodelo43ss i s al so necessary to heat to a hi ghecTiNanperoatare in
order to be able to maintain a desired tenperature in the tank. The higher
tenperatures can cause deterioration of the product . In the art a search
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for exanple, to place several cylindrical storage tanks in the ship™s hull.
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connected to a cylindrical tank c1rcumferent1al wall. Spring means
are provided between the lower side of the tank circumferential wall
and the ship’s hull. The spring means serve to limit a movement of
20 the tank circumferential wall upwards and downwards. This means that
cargo in the transport tank is supported via the bottom of the tank
directly on the ship’s hull, while the tank circumferential wall can
move slightly relative to the ship’s hull within the limits formed
by the spring means.
25 : It is a disadvantage here that the tank circumferential wall
has to be of a relatively thick-walled design. Furthermore, it is a
disadvantage that a relatively heavy tank roof is necessary. As a
result of this, the total welght of the transport tank is relatively
high. The possibilities for scaling up are limited, while the spring
30 means are fragile and require maintenance. Deck passages for the
tank have to be flexible.
The object of the present invention is to provide a ship with
one or more liquid transport tanks placed in a ship’s hull, in which
the abovementibned disadvantages are at least partially overcome, or
35 to provide a usable alternative. In particular, the object of the
invention 1is to provide a great saving on material for liquid
transport tanks which are to be placed in a ship, with the transport

tanks being sturdy and being insensitive to sustained heavy ship



transport tanks which are to be placed in a ship, with the transport tanks
bei ng sturdy and being insensitive to sustai ned heavy shi pnovenents and
def or mat iwooddosmeparticularly, it is an object to makecsoakomsgoupl

possi ble and to provide a sinple cons8ruction requiring little to no

mai nt enance. This object is achieved according to the present invention by
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can be absorbed by.a suitable deformation of. the absorbers w thout. causi ng
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ends from the deformation absorbers between an upper and lower deck

20 of the ship’s hull. The deformation absorbers are designed in such a
deformable manner that deformations, for example as a result of
deformations of the ship’s hull, can be absorbed by a suitable
deformation of the absorbers without causing deformation of or
rlacing an undue load upon the tank circumferential wall in the

25 process. The lower deformation absorber extends in the
circumferential direction around the entire circumference of the
tank circumferential wall, forms part of the tank wall, and forms a
continuous sealing connection between the tank circumferential wall
and the bottom of the tank.

30 According to the invention, one of the main functions of the
deformation absorbers is to reduce axial stresses 1in the tank
circumferential wall. Reducing axial pressure stresses in the tank
circumferential wall reduces the chance of crumpling of the tank
circumferential wall. The axial rigidity of +the deformation

35 absorbers can be selected in such a way that advantageously no
rigidity need be added to the tank circumferential wall in order to
prevent axial crumpling. The necessary wall thickness of the tank

circumferential wall can therefore advantageously be kept low. The



circunferential wall. The axial rigidity of the deformati on absorbers can
be selected in such a way that advantageously no rigidity need be added to
t he t ank woroesnfoessenti al wall in order to prevent axial pcriNnmbicrngo17The
necessary wall thickness of the tank ¢ircunferential wall can therefore
advant ageously be kept |ow Thenecessary wall thickness is now

substantialLy, et erm ned, by Lhe internal pressie gl (decshoned Ldautd,
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retain its shape and will not crunple. Acceleration forces on the |iquid
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result of this play of forces now occurs substantially hal fway up the tank.
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posibi opoefitibe. connection to the deformation absorbers. The m ni num wal |
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liquid medium stored in the tank will result in relatively small
reaction forces on the upper and lower side of the transport tank. A
20 maximum moment as a result of this play of forces now occurs
substantially halfway up the tank. This maximum moment is also
relatively small. The stresses are well distributed over the tank
circumferential wall, the maximum axial stresses occurring
substantially at the position halfway down the tank circumferential
25 wall, and the maximum shearing stresses occurring at the position of
the connection to the deformation absorbers. The minimum wall
thickness of the tank circumferential wall can consequently be kept
advantageously low. The circumferential wall can even be, as it
were, in a membrane-like form, in particular if said wall 1is
30 cylindrical.

The rigidities of the deformation absorbers in the axial
direction and in the circumferential direction can be influenced by
varying the shape and wall thickness of the deformation absorbers.

Owing to the fact that horizontal forces on the transport tank

35 are transmitted to the ship both on the lower side and on the upper
side, a uniform load occurs on the ship’s hull. No additional
supporting structures are needed halfway along the ship’s hull.

Passages through the upper deck for loading and unloading need not



The rigidities of the deformation absorbers in the axial direction and in
the circunferential direction can be influenced by varying the shape and
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placing between the deformation absorbers, thus compressing or

20 extending the deformation absorbers. Preferred embodiments for this
sinkage or movement are described in claims 2 - 7.

In an advantageous embodiment the deformation absorbers are
designed in the circumferential direction of the tank
circumferential wall with a rigidity that 1is greater than or equal

25 to 1/3%* of the rigidity of a reference wall which is straight all
the way down, is made of the same material, and has the same wall
thickness curve as the tank circumferential wall with the
deformation absorbers.

In a further advantageous embodiment the deformation absorbers

30 are designed in the axial direction of the tank circumferential wall
in such a way that the ratio of the spring rigidity in the axial
direction of a reference wall which is straight all the way down, is
made of the same material, and has the same wall thickness curve as
the tank circumferential wall together with the deformation

35 absorbers, 1s greater than 2 relative to the tank circumferential
wall together with the deformation absorbers.

It is preferable for both of the abovementioned conditions for

the spring rigidity to be met. In this way the tank circumferential



deformati on absorbers. In a further advantageous enbodi ment the deformation
absorbers are designed in the axial direction of the tank circunferenti al
wal | in swohlo@/wasset hat the ratio of the spring rigiditycrmizbes/ oaxizal
direction of a reference wall which is straight all the way down, is nade
of the same material, and has the sane wall thickness curve as the tank
circunferential wall together with the defornmation absorber reater
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part of the tank wall and is accommodated at the position of the
transition between the tank circumferential wall and the tank roof.
The deformation absorber forms a continuous $ealing connection
between said circumferential wall and said tank roof.

20 Separate deformable support elements can be provided for
supporting the tank .circumferential wall in the axial direction
and/or for the partial absorption of the 1liquid pressure. The
deformation absorbers can then be designed so as to.be substaﬁtially

. freely movable in the axial direction, in other woéds without undue

25 resistance. It is, however, also possible to make "the deformation
absorbers so rigid in the axial direction of the tank that the two
deformation absorbers together can partially or even fully support
the tank circumferential wall. 1In the la?ter case. the tank
circumferential wall is ultimately, as’ it were, suspended Dbetween

30 ' the deformation absorbers without additional support elements having
to be provided.

The deformation absorbers are advantageously rigid at least in
the circumferential direction of the transport tank. This can be
achieved by a suitable ratio between the  shape, wall thickness,

35 strength and rigidity in the various directions of the deformation
absorbers. Since the deformation absorbers are rigid in the

circumferential direction, in other words under load they retain



resistance. It is, however, also possible to make 'the deformation
absorbers so rigid in the axial direction of the tank that the two
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ther®ei n; Fi gsFi®. - 14 stww vari asréesf Ffg. vertants of embodiments of
deformation absorbers which can be used;
Fig. 4 is a front view of a variant of Fig. 2;
Fig. 5 shows the variant in Fig. 4 in a deformed state;

Fig. 6 is a partial view in cross section of Fig. 4;

20 Fig. 7 is a cut-away view in perspective of a ship’s hull with
several transport tanks according to Fig. 4 placeq therein;

Figs. 8 - 14 show variants of Fig. 6;
Fig. 15 shows a variant with slanting tank bottom;
Figs. 16 — 18 show variants with an upper deformation absorber

25 provided fully or partially outside the tank wall;

Figs. 19 and 20 show variants with an additional skirt
construction; and

Fig. 21 shows diagrammatically the variant of Fig. 6 with
parameters indicated therein.

30 In Fig. 1 the transport tank is indicated in its entirety by
the reference numeral 1. The transport tank 1 consists of a tank
bottom 2, a cylindrical tank circumferential wall 3 and a tank roof
4. The tank bottom 2 is of a flat design and, with the interposition
of an insulating layer 6, is connected to a lower deck 7 of a hull

35 of a ship not shown in any greater detail. The tank roof 4 is
connected to an upper deck 9 of the ship’s hull, with the

interposition of an insulating layer 8. The tank circumferential

wall 3 is partially supported towards the bottom by deformable’



Fig. 15 shows a variant with slanting tank bottom Figs. 16 - 18 show
variants with an upper deformation absorber provided fully or partially
out si de twe 2v@nto43sal | ; Figs. 19 and 20 show variants w PoTavL2emmoei7onal
skirt construction; and Fig. 21 shows8di agrammatically the variant of Fig.
6 wth paraneters indicated therein. In Fig. 1 the transport tank is
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are deSid%@ngmét%o%ﬁs def OEgEb' L0 thens adiale;3ad axi gl diygeti g, the tank
1 in such”a way that,” under € i nfl uence of deformations of the upper deck
rel at i veéeforndiei dronerbsdebkrs t heanlef agsvas ore abbidiiseest cafhaRsumelm the
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that are to be expected. ThiS nmeans that it is advantageously possible for
def or matbenpsbers t Fellshigpserhulthet 6nbe’ S ubstarls HaTptapRdr By byre to be

expected. This means that it is advantageously possible for
deformations of the ship’s hull to be substantially absorbed by

20 suitable deformations of the deformation absorbers 15, 16, without
the tank circumferential wall 3 being placed under a significant
load and/or becoming deformed. The tank circumferential wall 3 can
consequently be of a thin-walled design, without crumpling or
cracking occurring.

25 The tank bottom 2 and the tank roof 4 are advantageously of a
thin-walled design, so that they can easily follow deformations or
movements of the lower and upper deck 7, 9.

The support means 12 provide a support in the axial direction
of the tank circumferential wall 3.

30 The deformation absorbers, like the other parts of the tank
wall, can be made of steel, in particular stainless steel, for
example Duplex 2205 or stainless steel 304. Plastic, in particular
fibre-reinforced plastic, could also be used.

During fitting, the deformation absorbers advantageously can

35 be connected under pre-tension, for example can be welded, to the
other tank wall parts. This can result in an advantageous load upon
the deformation absorbers. It is also conceivable to provide a pre-

tension and spring travel limitation in the support means.



sui tabl e deformations of the deformation absorbers 15, 16, w thout the tank
circunferential wall 3 being placed under a significant | oad and/or

becom ng wehosemeasss The tank circunferential wall 3 can eomsagoesbéy1be of a
thin-wal | ed design, w thout crunpling9or cracking occurring. The tank
bottom 2 and the tank roof 4 are advantageously of a thin-walled design, so
that they canrgasidyi f9ddu,defer rahikonsoar afayementiangf dikeuhowssntard

upper deck 7 , 9 . The support neans 12 provide _a support in the axi al
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steel, ¢ateeiamade thinner than the general thickness of 25 mm in
partjcul ar cap, be approxi matel. - i e | C f; t:he
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56 are accommodat e hl n thgotank wal 11‘ dei5| gcr%led tl{ere gisrebegilo%\@s-Tlleaggdd
ef or ragbeprbers with two lds extending 1in e axial c lds
extend on either side of an imaginary blane through the tank
circumferential wall 25. This has the advantage that the deformation
20 absorber lies symmetrically relative to the tank circumferential
wall 25, so that at the position of the deformation absorber no
resultant of the liquid pressure occurs in the downward direction.
Separate support elements are omitted here. ‘
A number of other variants of embodiments of deformation
25 absorbers are shown in Fig. 3. In the case of each of the variants
the designer can play as desired with a mutual coordination of wall
thickness and choice of material (strength and modulus of
elasticity). The five variants at the bottom are provided with means
for absorbing pressure forces from the cargo which are exerted upon
30 the deformation absorber. These means are formed here Dby
compressible support elements disposed on the outside of the
deformation absorber. Examples here are preformed rubber support
blocks, springs, insulating material with limited compressibility, a
liquid bag etc. The deformation absorber can be made thinner as a

35 result of this, so that it can absorb even greater deformations.
Fig. 3 also shows a variant in which the deformation absorbers
are formed by wall parts of the tank circumferential wall or the

tank bottom or the tank roof which connect substantially at right



absorbers with two folds extending in the axial direction. The folds extend
on either side of an inmaginary plane through the tank circunferential wall
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In Fgs iﬁeatigsnaa&%?_ £hd cad rentind! abln Ad-drt 1 auspendedo di e tddkby
means of two defornmation absorbers 41, 42 from an upper deck 43 and a | ower
deck 44cettipushisp'ssapiiny 2HnepidopaRRtESER o ANtP e AR P 5Dt e Fdr m an

integrahopahl Qhet RenhowRSridacCk A @ tank roof respectively. The tank

circumferential wall 40 is of a cylindrical design here. Fig. 5

20 shows clearly that if there is a deformation of the ship’s hull 45,

in this case a combination of a twisting and a bending of the lower

deck, the walls and the upper deck of said ship, this deformation is

fully absorbed by the deformation absorbers 41, 42. Said deformation

absorbers are compressed or extended locally in the axial direction,

25 in other words parallel to the centre 1line 47 of the tank

circumferential wall 40. The tank circumferential wall 40 1is

subjected to little or no extra load by this and can consequently
retain substantially its original shape.

Fig. 7 shows several transport tanks 70 according to the

30 invention provided in a ship’s hull 71. The tanks 70 have different

dimensions and can consequently utilize the free space in the ship’s

hull 71 to the full. In addition, the tanks 70 are disposed with

their circumferential walls clear of each other and of the ship’'s

hull. It can be seen clearly that the deformation absorbers 72

35 extend around the entire tank and form an integral part of the tank

wall.
In the following figures identical and similar parts are

indicated by the same reference numerals as far as possible.



upper deck 43 respectively. The deformati on absorbers 41, 42 are both of a
bel | ows-shaped design, extend in the circunferential direction along the
entire tawb00qowsterential wall 40, and form a conti nuegs/Ngeedeiongl71
connection between the tank circunfergntial wall 40 .and the tank bottom
and the tank roof respectively. The tank circunferential wall 40 is of a
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exanple a cor ayer or a sandw ch layer, on the | ower deck 44. The | ower

def or matliegAr ab%briseithg2upret sifskctéd both to the tank bottom 80 and
Fig. 11 shows a variant in which both the tank bottom 80 and

also the tank roof 81 are supported on a compreésible layer 110. The
20 deformation absorbers 111 are formed here by double semi-circular
deformation sections.

Fig. 12 shows a variant in which a tank circumferential wall
120 is suspended between upper and lower semi-circular deformation
sections 121. In addition, yet further deformation absorbers 122 are

25 integral with the tank circumferential wall 120. Said deformation
absorbers are of the same shape here as the deformation sections
121.

Fig. 13 shows a variant in which the lower and upper

deformation absorbers 130 comprise semi-circular section parts 131,
30 which merge into straight section parts 132 in the direction of the
lower and upper deck respectively.

Fig. 14 shows a variant in which the entire tank
circumferential wall 140 is made up of interconnecting bellows-
shaped section parts. Upper and lower section parts here form the

35 deformation absorbers 141, 142 between which the tank
circumferential wall 140 is suspended.

Fig. 15 shows a variant of Fig. 10 in which a tank bottom 150

which slants down towards the centre is supported by way of



to the | ower deck 44. The tank roof 81 is supported on the upper deck 43 by
means of sections 91. The upper deformation absorber 41 is connected here
both to twe 2va@nio43s60f 81 and to the upper deck 43. Fig. peO/Nghawmoa7yari ant
of Fig. 9 in which the tank bottom 8012i s now supported on the | ower deck 44
by means of sections 100 while the tank roof is connected by neans of a

slightly, SP%H L5504 X,erlo%g} 5Ot Ny upRer t%%‘kkb%toxﬁ' 950 Il SNOWS @

vari ant h bot etan bottom 80 and also the tank roof 81 are
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variant 1n which a tank circunferential wall 120 is suspended between upper
and | owempteranccicheahar def ormati on sections 121. In addition, yet further

def oy mati on absor beg s;plag ar %alr@sﬁer@f wgt h ¢ he, tankncir ant@rem adooal |
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section parts . Upper and | ower section parts here formthe deformation
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this is that the tank is ea}:tai;%r to efél)OtGy and clean. Fig. 16 shows a vari ant
k *PBof

of Fig. PESFAGhiTRE5Fi bid 0 is supported on the tank
circunferenti aigwal? <bwsThe vaanknti stunfer erd iial wikldh 4@eahdnk heodfanis r oof
160 aref%%%ggnged bome sgaped roof 170 which is supported directly on the
tank circumferential wall 40. The lower deformation absorber 171 is
formed by a quadrantal-shaped section. The support elements 162 are
omitted here. However, the lower end of ‘the tank circumferential
20 wall is connected to support elements 172. The support elements 172
preferably comprise tension and compression springs in order to
prevent compression of the deformation absorber 171 as a result of
liquid pressure upon it, and in order to minimize movements of the
tank circumferential wall 40 upwards as a result of liquid pressure
25 on the tank roof 170.

Fig. 18 shows a variant in which the tank roof 81 is suspended
from the upper deck 43 by means of sections 180. The tank
circumferential wall 40 is suspended between the lower deformation
absorber 171 and an upper deformation absorber 181l. The upper

30 deformation absorber 181 is partially integral with the tank wall

and extends partially beyond it between the tank and the upper deck

43. The integral part comprises a quadrantal-shaped deformation

section 183 and a horizontal part 184. The part lying outside the

tank wall comprises a semi-clrcular deformation section 185. The

35 support element 172 is designed here with rubber Dblocks or a
continuous rubber connection 186.

Fig. 19 shows a variant in which the deformation absorbers

190, 191 each comprise a double semi-circular deformation section



of a deformation absorber 161 fromthe upper deck 43. The defornmation
absorber 161 thus does not formpart of the tank wall which has to bound
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wal | 40 upwards can be limted. This novenent upwards can occur, for

exanple, as a result of liquid pressu again ank .roaqf 1 J 17
shows aPari &At of 2% &< 1% ?Wa\/ﬁ‘?rrr%hw?%g ?%ﬁ f%%(f h1[9§, ror%ld% §mggg base
done- shaged heoafank?Fawhi chni adsuppet,t eskiditr ectllly avet hé Sfarke provided,

C|rcunferent|al wal | 40. The | ower  de ormatigon absobr 171 i y a
quadr antatdsIFped ForP™ THE sﬁb%%r%eé?%men ¢ %ez‘{a?e Ogl‘l ttdt'sae o%ﬁg@g'mp

However ,abtsb@bé@:‘dvew@ndl@]f did eort atrﬂe o e fseirdentdedhgwelikefsteobhectedet o
support el enents 17 he su elenent 172 Iy, gonpld s ion
eonpresstRe s pr eﬁ&s TR %)Cgé %%1 i gxPaneSl%g ol S faheae

and 3 pr Sen conpressi on ot"the deformation
absor berditétcasn aoresnét tofik | wqul dapr essaselupoh iceppearatine clidderepces
mnimze no

tank ci lL.a 4 ul t
of |IQUIC&%¥88§EF8r%%dthe an roo%y% %%tr kfgg{% &&%]ﬁj%ﬁ?%?% %h@?c
t he tankheoabn81rbsf sasspengedrtedmin h’ehmmaaaldeiekem%l@y reayrstdrngeépP ons
180. The Juanke ol curf eLPdd ab, vabl 40 8,aL2PeRded. DRIVERD Jhe.d T ene

def or mat’i sorber 1% and an ‘upper ormat i on rber 181. The upper
def apmatlicorralbsokbend 18e | spypran tdealkl-y Liikeugpad Wia hlawes tadsk UREBPE ghdes

EXtendslp%%%%% %%%$Q%pqgelhe?81mﬁﬁ%nt s598$r§nﬁwih@9@p9§é seckAdecthe

i ntegral i ses a quadrant al aped .deformati on section 183 and a
hor i zontJaJI gpafixeti§4 buThénpar tsligahde cveriale thethaantowmdl |arCopPrEesiegks

sem - C! &y % g?éﬁ maiﬂ %é%f:&%ni‘:gﬁ afhe-suRPpaite alanenty khdsi Sra@@ﬁhgned
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196 197 are pHovi dédshedt ¢ SRR het | §1§Hr8né9sﬂdé“6‘élg tl&%n‘ﬂﬁc‘t aﬁté ®the
def or matjn abgor bgrs 190i4%4 and ogudhe Ot Rery Sltﬁatbetngyflo@eﬁ ta>sblB
| ower deformations in the radial and axial direction and can support the
tank wall in the axial direction. With proper dimensioning of the

20 rigidity in the axial direction, no additional support means are
then needed. In the circumferential direction the skirt walls 201,
202 are again relatively rigid, so that they can hold the tank in
place. The deformation absorbers are further formed here by
quadrantal-shaped sections 203, 204 incorporated in the tank wall.

25 Just as in Fig. 19, the tank bottom and the tank roof here too are
supported so as to be slidable in the horizontal direction on the
lower and upper decks respectively.

In the following numeric example with reference to Fig. 21 we

assume a cylindrical stainless steel tank, with the following data:

30 Tank height h = 7000 mm
Tank radius r = 5000 mm
Wall thickness of tank
circumferential wall Ty = 5 TR
Density of stainless steel Dstainless steel = 7950 kg/mm>

35 Modulus of elasticity of
stainless steel E
Gravitational acceleration g

200000 N/mm?
9.81 m/s?

Permissible tension of
stainless steel Crpe = 240 N/mm2



and upper deck respectively, so that expansion in the radial direction of
the tank wall as a result of tenperature differences can be absorbed. This
i S necesswoyotwernesbecause the tank bottom and the tank rooiNiaow/sepport ed
in the axial direction on sections 198, 199 which can slide in the
horizontal direction relative to the | ower deck and the upper deck.

Li kewi se, the | ower and upper sides respectively of the deformation
absorbers 190, 191 are not connected in a fixed, but in a slidable manner
to the Tmawekvandefppetivaciebspebpeet pyel 9f [thet KaMRorsh2pat aRddiNeg@et ite® t he
tank ing #h§v¥%raaﬂéné§n§ypported only by the skirt walls 196, 197. The
skirt wa 1 197 preferably extend around the entire circunference of
the tankei@®itgof2deEpmnationyabFamkef Figure 1980 n whi ch 1088 &Rirt walls
201,5 208, Ay & rdes g@@&m&l%&&cabaomthat t hey %n ahsor b 1@ef oraL i ons i n:
the radial and axial direction and can support e tank wall in the axial
di rect i ball itiskpeepe?t FafonsrbhehGSPLPRE I gltdrty Gn tWe ax™ direction,
no addi fzd FURRRLt cIRARS AELL1dERaneeded. | m he =ci r cwuber ent i al
direction the skirt walls 201, 202 are again relatively rigid, so that they
can hold the tank in place. The deformation absorbers are further forned
here bymaaﬂmma&lgs@aaeglcﬁacltatgas 3832 204gieicespofatedni Aptbepdmtawal | .

Just as in H%i? , the tank bottom and ﬁhe tank roof here too are
pifor t BeER SIS TMONBR RY MEAHFeCt P tiE KB FRbHtH™di recti on on the | ower and

upper d§§§§r&ﬁ§EECE5§§%£%yl .n the foll pw ng1nyppsric exanple with reference
We assume a cylindrical stafmless steel tank, with the follow ng

data Tank hei ght h 7000 nm Tank radius r §0991nn1vall t hi ckness' of tank

ci r cunf Bxent imlgidaky:t w5 nn1DenS|tprF=%2%nTﬁrss steel Pstainless steel =

7950 kg/ mMmB Mbdul us of elasticity of st ai nl es%"steel E 200000 N nmm®

G avi t athonateactekal asiotegg ©f. tB4 vdisk vaPér mksshblmodigrisnohadfway up,

disregarding the rigidity of the tank wall itself, is:,

W

15 sinkage =
2-C,
With:
Giy = Weight of tank circumferential wall in N per mm
circumference
Cp = Rigidity of one deformation absorber in N/mm/mm
0 il =195 N
20 Giy = 1, N, Pyuiness st * & = 0.005-5-7950-9.81=195 ’—n— =1. _n;n;
G 1.95
Sinkage = B = = 0.80mm
2-C 2:1.22

P

The minimum sinkage of the tank wall according to the formula from

claim 2 should be:
25  C-h-~fr =1-¢7 -7000-+/5000 = 0.05mm

The tank wall therefore sinks more than 15 times further than the
minimum value according to claim 2.

Since the rigidity in the axial direction of the deformation

30 absorbers 1is the same, these deformation absorbers absorb equal

deformation when there is movement of the upper deck relative to the

lower deck. The deformation capacity of the total wall, disregarding

the deformation capacity of the tank circumferential wall, is then:



stainless steel s toe = 240 NNm2The two deformati on absorbers are of the
sane shape and have the follow ng di nensions: Height of deformation

absor ber Wopoes/10@30 nm Breadt h of deformati on absorber PcopNIR0G@0ITM WA |
t hi ckness o f deformation absorber to$s = 4 nm Height o f tank
circunferenti aI wal | htw = 5000 mm The follow ng characteristics of a
singl e defor sor been determned b nmeans of a FEM

cal cul ati on oi]nlzm réjiéﬂag?/zf 7 D Pnmax =\ 2. \rrmyr ., , N Axial

rigidity ;a%k”cir%ﬂ}a eI@gaihe&?%ﬁt' cal deseﬂek_»ag%uceh t heet ankyehl. aln the
p05|t|on ﬁal up, di sregar erigidity o e tank wall i1tselft,
is:, absQrkWnsh ac@qndznv\éltghtclef-mt énRh@ul@uhlﬁ@r e i ablowatbe Vhtinfeed A

ci rcunf g 0 f t i Gw =
o e SE058, O Rpchidy Spiong del) pB LoD AR bty b MO =

"5 B QYSDANED Cp 2*100%/IPRE nini humsi nkage ok tﬁér?WWItPagcc‘fﬁJcﬂi ng
Eﬁahhi;t?? é'%;rfCvﬁ?l{gl?édt@lam@eﬁﬁ%'éltgm}?eabIB?béf@k vl lcidherstor arsiorks Jore

urther than the m nimum val ue according to claim2 . Since
the rigildpsy 34 ttH@eaxhare diekaamashonf thaie Wef SERARISBNY AP0 AEPEIFRY tT
sane, thesg,deformation absorbers absorb equal deformation when there is
novenent of the upper deck relative to the | ower deck. The deformation
capacity o fThheakdeal thaititi oF eblf dF a1 Aot AT G TR DR ¥abaclPyeblet he

t ankp Ci kg HRT ehentdalorwatlon | SbEbeRAR Nis| chnParedt 1Below #4cRMinIbe offank

circunferential wall together with the deformation
reference wall. Said reference wall:

- is straight all the way down;
- is made of the same material as the circumferential wall of
the tank and the deformation absorbers;
15 - has the same wall thickness curve as the circumferential wall

of the tank and the deformation absorbers.

In general, it can be said that the axial rigidity of the reference

wall can be determined as follows:

N
20 w=—§:
With:
C, = Rigidity of the reference wall in the axial direction

expressed in Newton per millimetre of compression per

millimetre of circumference. [N/mm?]

25 N = Edge load expressed in Newton per mm of circumference
[N/mm]
0,= Compression of the reference wall at

particular edge load in millimetres [mm].

30 If the tank circumferential wall and the deformation sections are
made of a uniform material and all have an equal and uniform wall

thickness, the rigidity of the reference wall is equal to:

E.
C = Ly

T

With:

35 ¢, = Rigidity of the reference wall in the axial direction



absorbers according to claim5 should then b e able to withstand a novenent
of the upper deck relative to the | ower deck of at least: Y*h/1000 =
1*7000/ 1000 2006710m38s The tank circunferential wall toget per/Nu20ds/0061S1

def ormati on absorbers can therefore atssorb at |least 3.4 tines nore
deformation than the m ni num val ue according to claim5 . The axi al
rigidity of t[gg tank circunferential wall together with the deformation
absorbers is red below with that of a reference wall. Said reference
wall: - B & stMoailughs @cﬁleuaheimyycﬁomnm/mhs made of the sane material as the
ci rcunf rent| t t t.ion_a rbers; - has the
same wall" t hi% ﬁgggsst‘:urfvé:%gs %foms 8?%1{11 l\/lvaﬁf1 E@rﬁthe tank and the
def or mathi,on &@theos tHen rgéneemds watllcan bam]saJISd epghal thehaxial rigidity
of the refer%nggl)(@ can b e determned as follows: Wth: Cw = Rigidity of
the feference wal % the axi al direction expressed in Newton per

millimetre of corrpressmn per mllimetre of circunference. [Nmm2] N =
Edge | 0ad extfr a2gd AOMEMAAGE TN J6h! endl %SQ&&‘a Mo Wofss nave
Corrpressmn of e reference particular e |n mllinmetres

[m] . [|dififksentnkaki riduekacenes aiin@vaﬂﬂie aredlet 19 dbfféﬁﬁﬁ% dgreteadpilensthee
made of ﬂ,ﬁtehmgma{aai%g absandgalls haye %nggqungHgt*'nb%f)rtrlﬁbv‘%lelfellzeW?h

t hi ckness, e figidity of the'reference wall is equa
Cw O0Ri giadiltty of the reference wall in the axial directionf[Nmm2 ] E =
Modul us of elasticity in [[Nmm2] tw = thickness o f the (uniform

reference walC, r:n—L—m@]—%g—-—He—gh};(—ef the reference wall in [nm] is equal
to the 1 + n

+....+
El .tl EZ 't2 En 'Z‘n

The reference wall in that case is divided into N cylindrical wall
parts, each with its own wall thickness, its own height and its own
modulus of elasticity. This means that we can determine the rigidity

15 of the reference wall according to the numeric example as follows:

1
Cv =000 L5000 Too0 - 133 N/mm/mm

+
200000-4 200000-5 200000-4

The rigidity of the tank circumferential wall with the deformation

20 absorbers is Cu. This rigidity is defined as follows:

C =

wp

N
5

The rigidity can be calculated as follows:
25

1 1
Co=TT T =7 5000, 1 = 0.61 N/mm/mm

+ +
c, ¢, C 1.22  200000-5 1.22

This makes the ratio between the axial spring rigidity of the
reference wall and that of the tank circumferential wall with

30 deformation absorbers:



tank height. If the tank circunferential wall and the deformation sections
have different wall thicknesses and are made of different naterials, the

f ol | owi ngveppddwsssas regards the axial rigidity o f theprcednesmeomal |: C 1
M-+ h -+ ....+ K-h E2-t2 En -tn Thetireference wall in that case is
divided into cylindrical wall parts, each with its own wall thickness, its
own hei ght a its own nodulus of elasticity. This nmeans that w e can

det er m pex- i=21di ty of the reference wall according t o the nuneric

exanpl eGgg f@PLlows: ¢ = i 0oo -5000 i ooo 133 N mmi nm 200000- 4 200000- 5
200000-4 The rigidity o f the tank circunferential wall with the
deformation absorbers is Cp . This rigidity i s defined as follows: C --
wp The rhgilidiearabue ealukarediasad@ldions: td L sa mekggetter ridtano

between the axjal s r|n of th reference and that. o f the
tank ci PEufifeent? af’ IIJ\11ﬁ‘gct Ob'b%f nrﬁgé‘&r b%rgﬁ S 6T T it Mifitval ue
of ghi $O(Datt:1n@sa@'®eaﬂemg t o clai m8 |s greater than o r equal to 2, so

t hat therigkdlt rat|0| thls xanpl e_|i ver thOt greate

Accor di ng t o cr i s, T4 hce Figidity 6 r%l?lﬁll ast® on%to Fa?ﬁeoaef grfrra %n
absor bedsféomndtdwer ddxrbers eqﬁalldwa:rz thal nowf meyudhetoi ¢iodiNAmng/'min . bdthe
def or na%!lofr)n bSO fb%ro%h ée%ognlzat’}.vogﬂagmo%erfs ﬂqdl .i22S Nt/%r/l%];o}ggré,esa%of Q%n 20.
therefore less than 20.
10 According to claim 19, the wall thickness of the tank
circumferential wall should be less than X. For X the following

applies:

X =max O—'lf—-\/h-d and(10)
o 7

toe

15

015/ -+/7000-10000 = 23.6 mm
2007%

X = max{23.6 and 10] = 23.6 mm

20 The wall thickness of the tank circumferential wall is 5 mm and is

therefore less than 23.6 mm.

Depending on the material selected for the deformation

absorbers, depending on whether or not they form an integral part of

25 the tank wall, and depending on the cargo to be transported, said

absorbers can further be clad with a chemical-resistant ceating or
lining, such as a layer of stainless steel.

Many variants are possible apart from the embodiments shown.

For example, the various aspects from the figures can be combined

30 further with each other. The tank bottom or the tank roof can be of

a shape other than flat, for example dome-~shaped oxr conical. Other

embodiments are also conceivable for the deformation absorbers, so

long as they continue to meet the requirements set for deformability

in the axial and circumferential directions respectively, and in



According to claim 19, the wall thickness o f the tank circunferential wall
should b e less than X . For X the following applies : X = max [23.6 and
10] = 23.wommgfinesséal | thi ckness o f the tank circunfer eorinloosmbér7is 5 nm
and i s therefore less than 23.6 mm m®Bepending on the material selected for
t he deformati on absorbers, depending on whether or not they form an

i ntegral.,par f gg)lg |1 nd, de i o] h rgo_t .
transporthgg, qugi édgglg%‘% erés\ﬁ@ar?alkgr gﬂerﬁggg § fadgr\}\nétﬁargjgc%érn%%g%;%elgfaslf ant
coati ngvwedlli Bhagsuspett elemntayepnoaisstid nless somepdollvbhy Yarnaats, are
possi bl e ap myhg ephodi Nt s sh o) qg%ﬁ:@ .t vari ects
fromtheo?i g%%nééfeg'ar#bgg conbllE ned O?urt ‘g@b\e{mft fe C I&E %r?ﬁsﬁwogl tcggzn%{%?tom
o0 r the stvahkms ooflighnitedy fargushapéhet heirchaferdrme. f dn examslieular,

domssh%ﬁégu%n&ogieﬁ%rs Qher Lemodi,ABOL S nakg, alis0 Hopcei vabLe,{0h thg.
def ormat1 on absorbers, so long a’s they continue to neet the requirenents
set for sgeperiedidneanEsi deperding an el Giurehif Beesiied vd@ilrecti ons

respectively, ¢aad tir:ahgggrrmya@@aﬁ@&%%al Yot akR theen®adnobtet RELbaRky

circunferential wal he support elenents can also be in a controllable

f or m andOrf bFARSRATIIEY BEIRHITh@ Kok BRT Bl Hithierl L6RiRy drsiahi dave to be

pi st on- ayhhBESF L&Y SaRBr disfichut sk akouad the Ci reMHIBRCeadil is in
particul ar, measuring sensors can be provided here, in order to control the

suppbrt ParEigntar disseaarAgioh Tireagar PEntRaERSIHEdmedl we thrreipr HRdpHr2

tanks agekfifdt Gudieahpventy anpakectddngedskore taaRepeiting 1dwui.ds, and
in particular |iquids which have to be transported under anhient pressure.

The transport TPEnReFRIMAT108r EPRUFRAETSEEPgRe M EW Ut BFagBv ey HEYEFGui
medi um tdaer ekfsaindgr  anp@xi MM ehrsidastant gkl ymull High cEXCLBS PI agsUr godbove

liquid |evel. Tﬁ?ﬁ def ormation absorbers can be nmade up of. several |ayers,
in the ER8BSGFSIhIRh %aﬁﬁgfr CCulFE 1 nEPETHIE S Y81 BT TdE ctochn’ég?léd to
eachsot heheandrican dikesetne eddivnat batdi rbereagheat Mekxibhi Stgi ves the
def ormati on agsorﬁegs %;e t f)l %xin?i.l ity. Iin et hi_s vva)j/ thg i hvent isoaegr ovi des
a very advant aje5ts® d88Y gi'S orVEFF ARSHTEIENR AREYi fVRURISFES ReatShi p' s
hul | , wficehamakessport tank and its support in a ship’s hull, which makes
very great savings on material possible because of the fact that a
tank circumferential wall is suspended between an upper and a lower
20 deck, in combination with the use of deformation absorbers on the
underside and upper side of the tank circumferential wall. The
manufacturing and transport costs will be correspondingly low as a
result, while a high level of safety and reliability of the
transport is ensured, even in the event of a collision. The
25 transport tanks can advantageously be constructed in factory
conditions, and can then be connected in an insulated state or
otherwise to the ship’s hull. Insulation, means, if present, can be
provided on the outside of the tanks. The tanks are easy to clean,

and the cleaning can even be automated.



very great savings on material possible because of the fact that a tank
circunferential wall is suspended between an upper and a | ower deck, in
conbi nat iwo 2t t438he use of defornmati on absorbers on t hecumNieowiodel7and
upper side of the tank circunferentiat9 wall. The manufacturing and
transport costs will be correspondingly low as a result, while a high |evel
of safety and reliability of the trﬁ@%@@%% is ensured, even in the event of
a collision. The transport tanks ca t ageously be constructed in
factory conditions, and can then be connected in an insulated state or

ot her wi ge tosﬁg? @mkpl Sndubl . mbgéml@&{l?@’ tggﬁé}%rt‘- frdn@seMrangdd R an

provi ded on t outside of the tanks. The tanks are easy to clean, and the
cl eani ngptighteveasiFé cautionet e i@ Al 811, . sghflp LRARAPYHe BAkforvinGuidd
traQ§p05£i£Pn§§xﬁﬁﬂeﬂg§Hd'Q g Mpfd R ROST b ALedibre ShidP'eSchutbansaid
transport tanks having an axial direction and a circunferential direction,
and eachabk ?@PEEEiRaNk conprising: - a tank bottom - a tank
circunfergntial paakby; - a tank roof; the tank bottom being supported on or
formng part of a |ower deck of the ship's hull, characterized in that the
tank ci rcanf@terirsrmiRrsrtiglisidpehded by its | ower and upper ends by means
of defornabi g, defermati on absorbers between the | ower deck and an upper
deck of the ship's hull, which deforpation %psonbers are gesi ned s s to
absWt b HBFOFRRE | RS BebiesA FHEPSHIG & AN |-o4M4n0hBE ke of r UM er ST al
wal | at okeast dviprBenabopyvenenti oned axial direction, at |east the | ower
def ormati on absarber ,extending in the circunferential direction around
subst an = i rcunference of the tank circunferential wall
and at | east thbethaweridefmfamintanlabaanbers forspengepably oftst heoweankansil |

and Dol 19;2SCEIDIS o L, LieuEslion of 0 LI a0LiLan st e, tleytan
connect ilenebetiveenaridiean upper deck of the ship’s hull, which deformation
absorbers are designed so as to absorb deformations betweeh the
ship’s hull and the tank circumferential wall at least in the
abovementioned axial direction, at least the lower deformation
absorber extending in  the circumferential direction  around
20 Substantially the entire circumference of the tank circumferential
wall, and at least the lower deformation absorber forming part of
the tank wall and being accommodated at the position of the
transition between the tank circumferential wall and the tank bottom
so as to form a continuous sealing connection between them.
25
2. Ship according to claim 1, in which, after suspension between
the deformation absorbers, the tank wall sinks down in the
abovementioned axial direction under the influence of gravity, at
the same time deforming the deformation absorbers, and in which the
30 deformation absorbers are of such rigidity that the following
equation applies to the sinkage in the abovementioned axial
direction of the tank circumferential wall, which sinkage is

measured at the position of half way up the tank circumferential

wall:

35 sinkage in millimetres > Chnlr
with: € >= le”’, h = height of the tank in millimetres, and r =

average radius of the tank circumferential wall in millimetres.



2 . Ship according to claim1 , in which, after suspension between the
def ormati on absorbers, the tank wall sinks down in the abovenenti oned axi al
di recti orwondaviotise i nfl uence of gravity, at the sanme tipoce/Niebm@roovIng t he
def ormati on absorbers, and in which tde defornmation absorbers are of such
rigidity that the foIIovvi ng equation applies to the sinkage in the
abovenenti oned ,axi al rection. of the.tan CII’ nferential wall, which
si nkage s negé’éﬁréac%ﬁf ttﬁogll?}%n;] Y (i @% EFhé tank circunferential
wal | : si nkage |n mlllrretres > Ch~Jr with: C >= Ie 7 , h = height of the
tank in milli resb (51 —aeragge rales of theltogn,k circunferenti al
wal | inrilli rég%rlnghl T dind™ 8REFRi T2 Fn which C>= 2¢ 7 . 4
Ship according to claim3 , in WhICh C>=10e 7 . 5. Ship according to

6ne gf t§1e pr ef_tl%ceil n cI al 5, |n Whl thhg ';] ar}};?dgh %%gﬁgnt !Lgl w}q@t&% the

t oget’her Wit |on aBsorobers a novehent o e upper
deck rel’cairlkvecjtnmmnlferémw\ml dexkl i hoddisheaxi el tidi tleet deofonfatdon| edstorbers

Ve /1000, WLR S dove £ N8 Al 0f bhe Lapkeiqn md ldeligs, webhout

t he def ormmation absor ers an nk circu erentl al wall becom ng
pl ast i cald ytidefarimdd diwetbiben Qﬂ‘leaq)elfernssﬁsrﬁ‘lhélépéstwﬂh yYi h‘the ded obnat i on

absor bers q/ 8 lcﬂet@a%ﬁ %kmﬁh;ﬁwqﬁ £ntiahoval éhéoede&grﬁé%@fg%so%@égr

wi t hout I}ﬁ‘l tan clrcunferenti a crurrp I ng. . paccordlng to
cI aiti 5 and/wrwitheh t¥nk gircymferghicpahceadtHi b@cqr@ngl @ulmsslcalw viifermed=z 4

Shi R«f%%%d'ﬁgetge%?? Qifblteheepé?@ﬁﬂ'tggt chaidiR, 48 WG ohhedRlriawsng |

appl ies tor the rati the spring rigi i n the abovenenti oned
axi al diambidroninf thise taik € rewpferayiipal %M beyRY héxoRpepdt hend/or

def or mat j.qn, ahserber s,y ehatiyeetdhdihe qRI1 NGrurdiidity Cw in the
abovenentioned axial direction of a reference wall which is straight all

the way up, is made of the sane material, and has the sane wall thickness

curve: Qv OMsp 2ccoPdingdHdd cAEERT 8l Nith t@iehaim &.in which OW Owp >= 25.
10. Ship according to claim9 , in which Cw Cwp >= 50.

7. Ship according to claim 5, in which Y>= 4.

8. Ship according to one of the preceding claims, in which the
20 following applies for the ratio of the spring rigidity Cwp in the

abovementioned axial direction of the tank circumferential wall

together with the deformation absorbers relative to the spring

rigidity Cw in the abovementioned axial direction of a reference

wall which is straight all the way up, is made of the same material,
25 and has the same wall thickness curve:

Cw/Cwp >= 2.
9, Ship according to claim 8, in which Cw/Cwp >= 25.
30 10. Sship according to claim 9, in which Cw/Cwp >= 50.

11. Ship according to one of the preceding claims, in which at
least one of the deformation absorbers has a rigidity in the
abovementioned circumferential direction which is greater than or
35 equal to 1/3* of the rigidity in the abovementioned circumferential
direction of a reference wall which is straight all the way up, is
made of the same material, and has the same wall thickness curve as

~the tank circumferential wall with the deformation absorbers.



11. Ship according to one of the preceding clains, in which at |east one of
the deformation absorbers has a rigidity in the abovenentioned

ci r cunf erwotzo@l1oassecti on which is greater than or equalbcraoviké@rodoioi t he
rigidity in the abovenenti oned circunfierential direction of a reference
wal | which is straight all the way up, is nade of the sane rraterial and
has the same wall thickness curve as the tank circunferential %lh t he
def or mati%n aBEer RGe9TAIDI SRi HREcOdr ditfy RIEEREREF SHREPr ef:léd 13I &

i n whi chydhgndet on Mbh s Rhsor bees areadgs@ngss s@s astd 0 be eéBaSEtﬂlmﬁlllly
deformabl e, so that at |east in the aboverrerlbcr oned axial dir vé Lchr ough
substant‘?ﬁqrﬁaéll%str”’% Berbr Aht o3t HEy HIFs ot WV FEFGFHBET O™ &1y

ship's huldomd stuh%tbﬁﬂkaply Céllﬁﬁﬁentdeﬁormtion 1Bhe§habs@m0dielf<ngnattdonee of
t he precedi ng cl ai which the upggr def or maftl on ab]Z r extends in

the & r RRHERENERS SI?JFrplr Ectoh FDINE SABYt G TE Py Phtenti e circunference

of the tank circunferential wall. 14. Ship accordi ng to claim13, in which
the tank roof_jis su rted Qn or for art of eck o iLp's
hull, and®in SHiFcH dr% dﬂrBﬁe o4&t Gr ifat i o abSoT d% gf of rarémgartln %hgﬁg t%gnk

wal | andupﬁexac‘cre&raﬂmdai@d akbsdﬂterpexitten@m DIfl t]in@ ¢xmmfte$entbe1t weiareatient ank
circunferenti al and k roo | n ord a nt ou
seal i ng ‘?:%‘Wﬁ]éictl %@f%g%ﬁ he%pl Hﬁger e tonet ltﬂg .

|p accor %0 one of the precedlng
cl aints, tiromiifeleatidrastilone of the def ormati on absorbers ext ends
partially in the axial direction and partially in the radial direction. 16.
Ship according to one of the preceding clains, in which the spring rigidity
of at | east aﬁarohcbbedﬂe@omnnﬂhem abs oitheths chnthdetaiovieréni $ opigePaties

directiof, is r?m oL %%Qtﬁ%ge%ahpﬁé)%zé’éﬂf"é@forth%e nAbh L HEII e Hq COMMmAAassl on

per ml 17 hett e circu rence accor |ngtoc aim16, in which
t he abov@mnﬂpmddmglpngabﬁwqu Jiormlsamrérr@rft itdeedadikr eetilon s lsess

t han qual & wton. p { r enaf ORePREeM khemBldng of
Ci rcumc er ence .d%féé %ﬁl %cgé%ﬁ%&ﬂ rrgfl glh% 1%%%?%%3i?c © hee abovenenti oned

spring ré¢ipdinierentihk Véﬁﬂdv@@én?h%n‘é@kdlrro@ét iBnoFdes dss ftoFiﬁna of CRiGEICUSo 10

sealing connection between them.

15. Ship according to one of the preceding claims, in which at
20 least one of the deformation absorbers extends partially in the

axial direction and partially in the radial direction.

16. Ship according to one of the preceding claims, in which the
spring rigidity of at least one of the deformation absorbers in the
25  abovementioned axial direction is less than or equal to 20 Newton

per millimetre of compression per millimetre of circumference.

17. Ship according to claim 16, in which the abovementioned spring
rigidity in the abovementioned direction is less than or egual to 15
30 Newton per millimetre of compression per millimetre of

circumference.

18. Ship according to claim 17, in which the abovementioned spring
rigidity in the abovementioned direction is less than or equal to 10
35 Newton per millimetre of compression pexr millimetre of

circumference.



Newton per mllinmetre of conpression per mllinmetre of circunference .19.
Ship according to one of the preceding clains, in which the follow ng

appl i es fwo 2odweiovmk| t hi ckness of the tank circunferent ipalt/Naabde/ovovial |
thickness in mllinetres <= X, and in mhich the follow ng applies for X :
X = maximumof: wth: K >= 0.15, Z >= <? toe = the permssible tensile
stress

tank cir rentlal nk in
nilline%res ifd T he dlanquroﬁyﬂd1 é&é%? nﬁérehtlaIQ%lEP o

rﬁl IinefwkmDW1ﬁ@ apbl jeackor dhrgwebl ctraiakng®s oﬁ vwﬁ(ﬂamk E=r©umﬁﬁﬁﬂnixal>— 9
: Qtaccording to claim19, in which K>= 0.11 and Z >= 8 . 22. Ship
accordlng o one of the preceding clains, in which the tank bottomis
support ed orwalie thowknesleck: avidlhastzesrexi kum angl e of inclination of 5

rel af i vgd 0. 08 LOWeLe datkou2d, SIiRaC6OE0iNG Lo one of the preceding

the tank roo supported on the tank circunferenti al
mall and in which the upper deformation absorber extends between the upper
end of the t@ank gl ﬁuﬁfgfentlal wal | and the ship's hull. 24. Ship
according to one o% preceding clains, in which at [east one of the
def ormati on aberbg;s—ls rigid in the circunferential direction of the
transport tank. 25 Sﬂip aéggrdlng o0 one of the preceding clainms, in which
at | east one@ﬁ&)%he deformati on absorbers in the axial direction of the

transport tank is designed for at |east partial support of the tank
ci r cunf B+t iFaP=uwdt 1226 “Shil- alooT di iy HGGEBES t t%é‘s&rlgcéafﬁijs ctaithg, in

\m':fd"at gﬂgr Elgﬁﬁni resRrovidad for N%ﬂporhl ng fbey ﬁ@nlsfcn&fém‘tsﬁﬁnt inal

n the axial direction. ip accordlng toclaim26 , in
whi ch thellsimspoes, rréaﬁsDcﬁrrﬁhﬁsélé@?)%ﬁratcef d'éfeorfrﬁim eizeppderetiedentad lnhi ch
extend bgtywean the.ship's hull and the tank circunferential wall. 28. Ship
according to one of the preceding clains, in which at

20. Ship according to claim 19, in which K >= 0.13 and Z >= 9.
15
21. Ship according to claim 19, in which K >= 0.11 and 2 >= 8.

22. Ship according to one of the preceding claims, in which the
tank bottom is supported on the lower deck and has a maximum angle

20 of inclination of 5° relative to the lower deck.

23. Ship according to one of the.preceding claims, in which the
tank roof 1is supported on the tank circumferential wall, and in
which the upper deformation absorber extends between the upper end

25 of the tank circumferential wall and the ship’s hull.

24. Ship according to one of the preceding claims, in which at
least one of +the deformation absorbers 1is rigid in the
circumferential direction of the transport tank.

30
25. Ship according to one of the preceding claims, in which at
least one of the deformation absorbers in the axial direction of the
transport tank is designed for at least partial support of the tank

circumferential wall.



| east one of the deformation absorbers is designed as a section which is
substanti ally quadrantal -shaped in cross section. 29. Ship according to one
of the prwoedieg4zsbai ns, in which at | east one of the deCemmbismnorbsorbers
is designed as a bell owsshaped deformsti on section. 30. Ship according to
one of the preceding clains, in which at | east one of the deformation

absorbers conprises stainless steel. 31. Ship. accqording to gne.of the
precedi #§cl gﬁﬁg,a"r%’iﬁﬁiﬂghggt orlleea%“Jt t&ﬁepﬁ?c‘?cﬁ@gdgﬁgﬁﬁﬁt i th "Wy BEPROTt
conpri sesahkbeeer prof Ddepdfqd asipport32g She ptacicoc i feaeonabf witle at
pr ecedi 3% c{:ai g, in V\hjrc@itheb.i nner side of the deformation absorbers is
provi ded APt hth et cat | V5% 8 ant 1ining. 33. Ship according to one of
the preceding clains, in which the tank bottom and/or the tank roof is
(are) suypported on the .l ower and. u r .deck. r.espect. a :

i ns u% at :éﬁg I 5;?}&?. Y .rdéﬁlg\gggc%g?ﬂ? g%e’t sRone Gt %I%r?e s%}éé!ééé%%egar% g?ﬂ#@h%
whi ch t bepdeé ts mticamaabs oslygrordordienest pariticl leyxtehd absitwesingrhewahip’ s

ext endi @1%1ilnaxt1§echaelxiﬁ%\'%?%{]&ﬁ%&f%@eng?al Shi;p according to one of the

precedi ng cl ai s, e tank circunferential wall is connected to
the ship by neans of a skirt construction on the upper and/or the | ower

si de. 36.,,Shi carding. e t cegi 1Glgal T8, 5l N highy theg ¢
transporzts't a%ﬁ?s%gg!sj?g#é ?gr Ogl%orgggeﬁgef }?ﬂéeaﬁlglg?d 'néglisumlt herei n y\?t h an
excé8s pressuresabdyethé qdeBotenidlonofalisesderharn ssubstigneraldsy 4 BaFtigy.

Shi p accandings toQReL0t o1 eeediRg- lAidmB ini Bry4Y GRcatoheast one of the
def or na??%%hagséo%%rsn?iadggicg%eg wth rrual%tei pIMe1 M/]él ls . 038? Shi p according
to one of the preceding clains, in which the tank circunferential wall is

subst antjgal | yreyl indei-gahg 89 ol R ACEY 0h R-dA e 16finkshe i epeimat
clainms, in which the tank circunferential wall conprises one or nore
def or matliegi talos6r 196t sthset dRfearmaftd o o REECEPRI Lpper deptEnedi02s Shi Peade®? di ng

to ghai Mr3eql fe M ibREsONE Y. NMOr e

30. Ship according to one of the preceding claims, in which at

least one of the deformation absorbers comprises stainless steel.

20 31. Ship according to one of the preceding claims, in which at
least one of the deformation absorbers comprises fibre-reinforced

plastic.

32. ship according to one of the preceding claims, in which the
25 inner side of the deformation absorbers is provided with a

chemically resistant lining.

33. ship according to one of the preceding claims, in which the
tank bottom and/or the tank roof is (are) supported on the lower and

30 upper deck respectively by means of an insulating layer.

34. Ship according to one of the preceding claims, in which the
deformation absorber consists partially of a straight wall extending
in the axial direction.

35
35. Ship according to one of the preceding claims, in which the
tank circumferential wall is connected to the ship by means of a

skirt construction on the upper and/or the lower side.



def ormati on absorbers in the tank circunferential wall are designed to be
of substantially the sane shape as the deformation absorbers by neans of
whi ch t hewDands/ouzseuntf erential wall is suspended by itsprcomromndéior upper
end fromthe | ower deck and the upper24deck of the ship's hull. 41. Liquid
Réaﬂsgort tank for a ship according to one of the preceding clainms. 42.

t ho r i Lgui d transpost i : 0. Cl aj hn shi p.
45, NetHDd BP0 dUSomES ) SPmeA. T i ot T Bast ana bf “the dcrornsti on
absor bermanspoconhatk ets utridionge fpenstorpac Atthabeakdeid coefisreiticgeipal | |
the tanihottom «%Q‘f‘es_tsambrre%%fur@nd/a%%véheJﬁahpc'_is hubl: 44¢ Usesef anship
with one or nore liquid transport tanks according to one of clains 1 - 40
pl aced substhetsally sl akl for the transportation therein of |iquid nedia.

5
37. Ship according to one of the preceding claims, in which at
least one of the deformation absorbers is designed with multiple
walls.
10 38. Ship according to one of the preceding claims, in which the

tank circumferential wall is substantially cylindrical.

39. Ship according to one of the preceding claims, in which the
‘tank circumferential wall comprises one or more deformation

15 absorbers between its lower and upper ends.

40. Ship according to <claim 38, in which the one or more
deformation absorbers in the tank circumferential wall are designed
to be of substantially the same shape as the deformation absorbers

20 Dby means of which the tank circumferential wall is suspended by its
lower and/or upper end from the lower deck and the upper deck of the
ship’s hull.

41. TLiquid transport tank for a ship according to one of the

25  preceding claims.

42. Method for placing a liquid transport tank according to claim

41 in a ship.

30 43. Method according to claim 42, in which at least one of the
deformation absorbers is connected under pre-tension to the tank
circumferential wall, the tank bottom, the tank roof and/or the
ship’s hull.

35 44. Use of a ship with one or more liquid transport tanks according
to one of claims 1 - 40 placed in the ship’s hull for the

transportation therein of liquid media.



