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LI QUEFI ED- GAS STORAGE TANK USI NG UNDULATI NG BEADS The
present invention relates to a sealed, thermally

insul ated tank and to a nmethqd-for the production
thereof. In particular, the present invention relates
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Terrestrial tanks for the storage of liquefied gas
which also have two successive leakproof barriers
alternating with two layers of thermal insulation are
also known. In the case of terrestrial tanks, the

bearing structure is generally made of concrete.

In these embodiments, the primary and secondary
insulating barriers —consist of a succession of
insulating blocks which are either closed
parallelepipedal caissons filled with a heat insulator
or consist of insulating foam blocks adhesively bonded
to a carrier panel. The material used to produce the

panels of the caissons or the carrier panels 1is



The insul ati ng bl ocks of the secondary barrier are
fastened to the bearing structure, in the first case

by assenbly with the aid of studs incorporated in the
bearing structure and, in the second case, by being

qui te sinply adhesively bonded, via their outer panel,
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- 4 - a) the application of beads of mastic to the

panel of the said insulating blocks or to the bearing
structure, along nutually parallel lines, b) the

posi tioning of the said insdl3ating .blocks against the
bearing structure of the tank, and c) the pressing
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The object of the present invention is to overcome
these disadvantages by providing a less expensive
method of adhesively bonding insulating blocks to the
bearing structure using beads of mastic, while at the
same time retaining a strong resistance of the panels
of the said insulating blocks to the compressive or
tensile forces which are exerted on them, or even

improving this resistance.

Accordingly, the subject of the invention is a method
of adhesively bonding insulating blocks to a bearing
structure of a terrestrial tank, using beads of mastic,
for the production of a sealed, thermally insulated
terrestrial tank for the storage of liquefied gases on
land, the said tank comprising a thermally insulating
barrier comprising a plurality of insulating blocks,
each insulating block comprising a plywood panel and
containing or carrying thermally insulating material,
the said method comprising



The invention wll be better understood and ot her

obj ects, details, features and advantages thereof wll
becone nore clearly apparent in the course of the
foll ow ng detail ed expl anat ergy—descri ption of an - 5
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characterized in that at least two of the said
beads are arranged along wavy parallel lines
between the panel of at least one of the said

insulating blocks and the bearing structure.

Advantageously, the distance between two consecutive

wavy lines is greater than or equal to 100 mm.
Preferably, the wavy lines are sinusoids.

Advantageously, the sinusoid has a ratio substantially

equal to 8 between its period and its amplitude.

Another subject of the invention is a sealed, thermally
insulated terrestrial tank built into a Dbearing
structure, comprising a thermally insulating barrier
comprising a plurality of insulating blocks, each
insulating block comprising a plywood panel and
containing or carrying thermally insulating material,
the said insulating blocks being fastened directly
against the bearing structure by means of beads of
mastic positioned on the panels of the said insulating
blocks along mutually parallel lines,

characterized in that at least two of the said beads on
the panel of at least one of the said insulating blocks

are arranged along wavy parallel lines.

The invention will be Dbetter understood and other
objects, details, features and advantages thereof will
become more clearly apparent 1in the course of the

following detailed explanatory description of an



Figure 5 is a view of a detail of the formof a bead

of mastic of the tank in Figure 1. Wth reference to

Figure 1, there can be seen the bearing structure 1 of

a terrestrial tank for stor+rmg-liquefied gas. The

bearing structure 1 is made of concrete. Wthin the
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- Figure 3 is a view similar to Figure 2,

representing the case of the tank in Figure 1,

- Figure 4 1is a Dbottom view of a secondary

insulating block of the tank in Figure 1;

- Figure 5 is a view of a detail of the form of a
bead of mastic of the tank in Figure 1.

With reference to Figure 1, there can be seen the
bearing structure 1 of a terrestrial tank for storing
liquefied gas. The bearing structure 1 is made of
concrete. Within the context of the present
description, “terrestrial tank” denotes a tank built on
foundations fixed to the soil, whether it be
terrestrial soil, the shore or a sub-sea soil. The tank
may be constructed above the soil level or be partially
or completely embedded.

With reference to Figure 3, the bottom wall of the tank

has successively, from the inside of the tank towards

the bearing structure 1:

- a primary leaktight barrier 7, made of corrugated
metal sheet,

- a primary insulating barrier 2, comprising a
plywood panel 8 and a foam layer 9,

- a secondary leaktight barrier 6, made of triplex,



- a secondary insulating barrier, conprising a
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according to another known technique, in which the
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caissons filled with insulating material.

In the remainder of the description, “insulating
block 14”7 refers to an element of the secondary
leaktight barrier which may comprise, according to the
technique used, either a foam layer and a plywood panel
(case of Figures 1 and 3) or a caisson filled with

insulating material (case not shown). In both cases,



Wth reference to Figure 4, there can be seen a bottom
view of a panel of an insulating block 14 on which
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The gain afforded by the invention over the prior art
will now be described.

In the prior embodiments, the beads of mastic are
rectilinear and spaced regularly apart by a length
which wvaries according to the location where the
corresponding second insulating block will be placed in
the tank, in other words according to the pressure to
which it will be subjected. In the case of the tank
bottom walls (floor and lower parts of the side walls),
it 1is necessary to bring the beads of mastic closer

together to prevent the wood from rupturing between two



accentuated when the beads are oriented in the sane
direction as the grain of the outer ply of the plywod
(cf. Fig. 4), this frequently being the case in

practice. This is because the yards where ships for
transporting liquefied gas are built are required to
nariadsl. afe sihe iings wifatlioty niv aick syt pped adddtdédebdtween
b s of Is [ ticu ur, .Qver,_.so ,as
{5 son T e Rl $5CkRE, e Bac g R e P TR T
opBpPaei ditwfordepeRerenFhchecnassiee Thi ammborner ¢ill be
presgeds,dpye pektablor ifnd hgiheads, Ofs mghycC deiMng)  a
in the sane plane during this rotation, in other words

i FOPREY afReplRaged § n AFeRFiad& i oAhsf SRacCsh@l | ererally
deoepseanief thha hewvemmface. This orientation is
precisely, owng to the construction of the plywood,

the direction of the grain of the outer ply; in
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beads'blocks equipped with their beads of mastic, in
particular to turn them over so as to reposition
the lower face to the bottom after the operation
of depositing the mastic. This manoeuvre proceeds
more reliably if the beads of mastic remain in the
same plane during this rotation, in other words if
they are placed in the direction of the smallest
dimension of the lower face. This orientation is
precisely, owing to the construction of the
plywood, the direction of the grain of the outer
ply;
- in tension the wood of a plywood panel may
delaminate, with part of the wood of the outer ply



Li kew se, the delam nation resistance tests showed

that, with such a sinusoidal shape (ratio L/a equal to
8), the delam nation resistance is increased by 48%

with respect to straight beads-which are thensel ves

al so placed parallel to the grain of the plywiod. This
neans tkatiaingduattaohby 3686 itthd hédaengblf oﬁaﬁa$tic the

depo?'%%% gﬂgﬁout%ﬁéaiéin téﬁg 9r$@sukﬁpln%f¥qwl g the

possi bl'e ieve er Ims
10- déhamilastiingn bheickg tipo ke apafeavdntivadilad thzom viihidr inner
rectil p,near beads. Overall, the use of sinusoida

beads having a ratio L/a equal to 8 allows a saving of
18% i n the amount of mastic necessary by conparison
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squar es, anoun “of mastic necessary will be
greater or Iesser dependi ng on the shape of these wavy
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be adapted so that sufficient flexural rapture
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cone within the scope o e 1 nvention

1sketReddet MHﬁurv@W%nmmq%m@qw%l otkshich the
period L is 372 mm and the amplitude a is 46.5 mm. The
length of such a sinusoid, which is characterized by a
ratio L/a equal to 8, 1s greater by 14% than that of
the corresponding straight line segment of length L.

The resistance of the panels to inter-bead flexural
rupture and to delamination was evaluated and compared
with that of panels equipped with rectilinear beads
spaced 100 or 140 mm apart. The same flexural rupture
pressure is found with these sinusoidal beads only with
a spacing between them that is greater by 35% than that

observed with rectilinear beads.

Likewise, the delamination resistance tests showed
that, with such a sinusoidal shape (ratio L/a equal to
8), the delamination resistance is increased by 48%
with respect to straight beads which are themselves
also placed parallel to the grain of the plywood. This
means that a reduction by 35% in the length of mastic
deposited on the panel of a second insulating block is

possible, without the effect achieved in terms of



a bearing structure of a terrestrial tank, with the

aid of beads (3) of mastic, for the production of a
sealed, thernmally insulated terrestrial tank for the
storage of liquefied gases endt+and, the said tank
conprising a thermally insulating barrier conprising a
pHatahithytddni nshikahgng hboeks (rdf)voesaihle nsuttedn ng with

bkgggifgggéksbg 8 pl ywood panel and containing or

carrying erna y insul ating material, the said
nmet hod conprising a) the application of beads (3) of

nBsbLg110 the B%@ebfoglh%%o%@bq %%%@ba%éﬁld§‘¥”%%ﬂﬂ&UL/a
or to_the bearing structure al on% nut ual |y parall el

I?ﬁ%@lkﬂotﬁeﬁ%%QW%oﬂlﬁﬁyﬁHQhé sé§%|h§m§ﬁ%n@mount of
binggk;sc((j hé):e@%alr@rstbg h@orb}_@ﬁfi@@n sisiugt life%tﬁflltnfé_%dﬂ dads,
nd c) .the pres ng t here agai nst t sai
L8y tntd G RiE T BhEY Tt dgeA s e PBRuRE (renath
sand easnlobtahamagthetZed daléhatabioheastistonoé.t he
sai d beads (3) are arranged al ong wavy parallel |ines

between the panel of at |east one of the said
i ASulist | RRVBPBEkstal) oahert heibeapidg SMavichbar eselected,

2y PAdhesive cRondingo prL hodhagc ey, di hg Englﬁdyi%lﬁéknatlng
mh ch the distance between two consecutive wav i nes

Eeﬁf‘@g%ér &P Sor (eQERrord, 1660UFHes3. Ahes) ve%}B‘SncﬁI?‘Fgunt
anhﬁdsaicohébBSSbethhQrUﬁ dddter or lesser depending

on the shape of these wavy lines. However, the spacing
between the lines should be adapted so that sufficient
flexural rupture resistance can be maintained with the

wavy shape adopted.

Although the invention has been‘described in relation
to a number of specific embodiments, it is obvious that
it 1is not at all restricted thereto and that it
comprises all the technical equivalents of the means
described along with their combinations if these come

within the scope of the invention.



preceding clains, in which the wavy lines are

si nusoi ds. 4. Adhesi ve bondi ng net hod according to
Caim3, in which the sinusoid has a ratio

substantially equal to 8 betiween its period and its
anplitude. 5.Sealed, thermally insulated terrestria

tank built into a bearing GLAIMSuUre (1), conprising a
thermally -12- insulating barrier conprising a
plurality of insulating blocks (14), each insulating
bleck Mehpeiisiofg adhssimmldy pasrediingdiseniatningg bdiocks to

car b%b%nlgh%ftgﬁlclt}ﬁrb”%lﬁ Al g eLIAl tdhe SAh the aid
i nsul ati ng bl ocks (14) being fastened directly agai nst

tRé Béafiﬁnd3ét Plicfgeé 1Cr) ftsyf e P TSI (GJ% pfsealed,
Wﬁﬁélrﬁamm§l thenedten therpamelisiokahire 23l dHNYHMARY of
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EQ{E?? 3%10”9 Yaxy spar gh '42'60 gasch 6.; 26 E%ng  block

erna nsu atlng t ank ing to
comprlslng a plywood panel and containing or carrying

thermally insulating material, the said method
comprising
a) the application of beads (3) of mastic to the

pranel of the said insulating blocks (14) or to the
bearing structure along mutually parallel lines,
b) the positioning of the said insulating blocks (14)
against the bearing structure of the tank (1), and
c) the pressing thereof against the said bearing
structure until polymerization of the said mastic,
characterized in that at least two of the said beads
(3) are arranged along wavy parallel lines between the
panel of at least one of the said insulating blocks

(14) and the bearing structure.

2. Adhesive bonding method according to Claim 1, in
which the distance between two consecutive wavy lines

is greater than or equal to 100 mm.

3. Adhesive bonding method according to either of the
preceding claims, in which the wavy 1lines are

sinusoids.

4. Adhesive bonding method according to Claim 3, in
which the sinusoid has a ratio substantially equal to 8

between its period and its amplitude.

5. Sealed, thermally insulated terrestrial tank built

into a bearing structure (1), comprising a thermally



Caimb5, in which the distance between two consecutive
wavy parallel lines is greater than or equal to 100
mm 7. Sealed, thermally insulating tank according to
either of Cains 5 and 6, inl#kich the wavy lines are
sinusoids. 8. Sealed, thermally insulating tank
atoendehdgntyobElrai pr7 compwhisdingt haegshumslmuy hes msmaKing
Z%?F?ggg%'ﬂ equal 51Q 8 R9WEeN ddid AR d 181 ywooa
panel and containing or carrying thermally insulating
material, the said insulating blocks (14) being
fastened directly against the bearing structure (1) by
means of beads (3) of mastic positioned on the panels
of the said insulating blocks along mutually parallel
lines,

characterized in that at least two of the said beads
(3) on the panel of at least one of the said insulating

blocks (14) are arranged along wavy parallel lines.

6. Sealed, thermally insulating tank according to
Claim 5, in which the distance between two consecutive

wavy parallel lines is greater than or equal to 100 mm.

7. Sealed, thermally insulating tank according to

either of Claims 5 and 6, in which the wavy lines are

sinusoids.
8. Sealed, thermally insulating tank according to
Claim 7, in which the sinusoid has a ratio

substantially equal to 8 between its period and its
amplitude.



