1 "Method and systemfor identifying the failure risk of a confinenent

bui I di ng" The present invention relates to a nethod of identifying the risk
of 5 failure of a concrete contai nment dr storage structure. It also
relates to a systeminplenmenting this nethod. This invention relates nore
particularly to a nethod and a systemof identifying the risk of failure of
the contai nnent functions of a concrete containnment structure, provided for
exanpl e for the storalfdethod andsyettiratfer idemtifyiogde faflurewsknd nedi um | evel

radi oactive waste, or liquefied,gases. A major., congern of the operators of
contai nnent structures such as f%oW@W&"r\’gﬁ% ?l%lchgel radi oacti ve waste or

liquefied gas storage structures, is controlling the risks of degradation,
on the one hand of the mechanical properties of the structureH_gey avoi di ng
the failure of tlhe Ebﬁﬁﬁ(ﬁ'ﬁe'ﬁt/gnt’ﬁnt'ﬁéat% tonar efhad | fnifandifuingaing ikt ofe

other hand ¢gj,,fhgs %OPBﬁéH%?@’Hongélﬂ rFt' &° s'ﬁ’%rag@vﬂrgbﬂ“uget e a‘i%%t ?élg&{saH qn of

t he conponents over long periods t can up to several hundred years.
Exi sting stswatﬁmnmpﬂmnehbngrtglssmbm make it possible to evaluate: - the

expected theoretjcal deformations obtain esti_nmg 0. cal cul tlon
carried out as AN RESRTOr B Mg U B T 2 Bisoad mrche SHTHEL

and - the qgéstifyRid @A8 Ak tére fERTeabNFRBL cHithHThERE f@HéﬁéN@%dertd}&reﬁéﬁe
functional contai nnent phase. These defornmations are neasured during the

fst orage ph#&estaipmesisiructyreleniavided 5 exampples fargtheprasper ardnteimediate BK
of "t he 20 r SEPRHEBYT 8RS R Shedih REY Fadlbfrnve TRREE STl bedR °0° ( PiTre

vol une of the pmodmgbrtdmnhermtdﬁrth@ oﬁélnasorphasQoﬁ&fmmmnwutt@réhswmaﬂs
functi on of t he cont nt structure, which js the storage of a product,

and 30 carOWel U Jeyel Tagioactive ayasterir iausieR 9951 SEOra0q AITACHEES b e
Lo define, wicoRtidhiRethe LAsnBr déapbdas, éﬁQ'ngg@nemﬁﬁofach@hﬁﬂ%%hgﬁlc%!:cl'ng

the structure wth e profuct to e stored an evacuati on phase
enpt yi ng omrppenties| ofethn ptmuguref by ryoidingdher iluTéef the components in the
15 short and long term, and on the other hand of the containment properties by
avoiding the deterioration of the components over long periods that can be
up to several hundred years.
Existing structure monitoring systems make it possible to evaluate:
- the expected theoretical deformations obtained by estimate
20 calculations carried out as a function of data relating to the
containment structure; and
- the deformations of the containment structure observed during
the functional containment phase. These deformations are
measured during the storage phase by measuring devices
25 comprising appropriate sensors.
By functional storage phase of the structure is meant the actual storage
phase of the structure, i.e. the phase during which the structure stores a
finite volume of the product to be stored. This phase corresponds to the main
function of the containment structure, which is the storage of a product, and
30 can be expected to last several hundred years.

It is thus possible to define, with respect to the functional storage
phase, a phase of filling the structure with the product to be stored and an
evacuation phase (of emptying or partial emptying) of the structure. The
filling phase corresponds to the phase during which the containment



filling phase corresponds to the phase during which the contai nnment 2
structure receives the product intended to be stored by this structure and
the evacuation phase corresponds to the2phase during which the structure is

at least partially enptied of the product stored. O course, the filling
phase precedes the functional storage phase and the evacuati on phase cones
after 5 the functional phase. There can be several filling phases during the

life of a startaienrezeivestthecprodect intepded ito Weastored tlyethiaseruoturehend thguef i ed
gas storage structures. A purpose of the inventjon is t ropose a, net hod
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and systens. The present invention kes it possible to achieve I S purpose
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and/ or said product, of an expected theoretical behaviour of said structure
during the SPh&EES$Sof filling said structure with said product to be stored;

- determ nationpo QM ' t Wl sg d
phase of filli né Eg@%?ﬂ?bﬁ?gb%@ﬁh@%ﬁg g@@gﬁ%tél@%g{@d eFe?%yﬁg@Toﬁf by
conpari son idéntifyirdgy ttheorieks afl failde acft @alcontzéhmneind ustsyctuire t theatr arek snaoife

failure,of i.d strycture. Unlike the current t hods, and systens, the
et hodT0cc ST IR PRYTRET FRBRASH G oAtk o PXoBS DEHITHS 248 SONESIS-t he
risks of failurehef presantt ahVemn rAakes rChushbleand iadhrdkt itk aurgose
concrete containment structure, by conparing the theoretical and actual

behavi our s tbrough 8 raethast of idemtifying riske phiasdereopf af ¢antpignemesEreyceuite with
conorete. - PERIET SRR R kP RESRRLaNT G of SREREE nfefidon o1 v
vul ner abl e storinagng prioeiuct,fsdid inmethpldacoempdsingrthe falowima btdgest r st at e of
stress_progressively evolves. This state can prove to be the npst severe in
the |i ig cycle of sgdgtermination, as a f%nction ofpdata relating Eo sar;r(?s ructure
and/or said product, of an expected theoretical behaviour of said
structure during the phases of filling said structure with said
product to be stored;
- determination of an actual behaviour of said structure during
20 said phase of filling said structure with said product; and
- determination, by comparison of said theoretical and actual
behaviours, of the risks of failure of said structure.
Unlike the current methods and systems, the method according to the
invention allows for the identification of the risks of failure of a containment
25 structure, and in particular a concrete containment structure, by comparing
the theoretical and actual behaviours of this structure during the phase of
filling the structure with the product to be stored. In fact, these structures,
generally comprising a concrete “foundation raft/shell/closure head”
assembly, can be particularly vulnerable during their filling phase, during
30 which their state of stress progressively evolves.
This state can prove to be the most severe in the life cycle of said
structure.
Being based essentially on the filling phase of a containment structure,

the method according to the invention makes it possible to monitor and



structure. Being based essentially on the filling phase of a contai nnent
structure, the nethod according to the invention nmakes it possible to
nonitor and 3 provide indicators to help with the decision concerning the

filling phase of storage structures in order to preserve their contai nnent
functions in the short and long term By neasuring the behaviour of the
structure in the filling phase, the nethod according to the invention nmakes

it possi bl eprovidebindicatorsitpahappwithi thee deaisiar esnceming dhet filiingi shase bhked
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structure can Cfit 8&n@t | east one sinulation of said theoretical behaviour
produced by similation neans, such as closed-formresolution or finite 20
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structyre, dinmensions, .C onents..and materials and. data relatin t he
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corresponds to the behaviour of the structure expected durin hase of 25

ne . L ng a prl :
filling the strdéetime of the skeichieafer the renageypent ofrbe diskereh ‘%ﬂt’[’%h" of
t he actual behav[ih%%n fteFrHe structure can conprise at |east one neasurenent
of said actual behaviour carried out on the structure during the filling of
sai d structure WHus,tthe pnetdhodt atcordingttor gk inVartiont makebelapossibleofo t he

struct %e Cc%rnq:reosf@Rgdr?sigsoargcql?m%ggfas,vépiﬂwris ?lflliggh%hase in the short and long term,

by monitoring the behaviour of the components under progressive loading.

Advantageously, the determination of the theoretical behaviour of the
structure can comprise at least one simulation of said theoretical behaviour
produced by simulation means, such as closed-form resolution or finite

20 element modelling. The simulation takes into account data relating to the
structure, dimensions, components and materials and data relating to the
product to be stored as well as data relating to the method of filling the
structure with the product. The theoretical behaviour of the structure
corresponds to the behaviour of the structure expected during a phase of

25 filling the structure with the product to be stored.

The determination of the actual behaviour of the structure can
comprise at least one measurement of said actual behaviour carried out on
the structure during the filling of said structure with the product to be stored.
The actual behaviour of the structure corresponds to the behaviour of the

30 structure while it is being filled with the product to be stored.

Advantageously, the determination of the theoretical and/or actual
behaviour of the structure can comprise a determination of at least one
deformation of at least one component of said structure during the filling

phase. For the determination of the theoretical behaviour, the deformation is



30 structure while it is being filled wth the product to be stored.

Advant ageously, the determ nation of the theoretical and/or actual

behavi our of the structure can conprise @ determ nation of at |east one
deformation of at |east one conponent of said structure during the filling
phase. For the determ nation of the theoretical behaviour, the deformation
is 4 determned theoretically, for exanple by sinulation on the basis of

dat aI rel atcﬂétgrmméd;ehebn‘etwauy]g flor d@h@%leebats’;inwlauoa @Ireftmerrbbisiegoﬂ @amﬁ on a
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the actual behaviour, the deformation is determ ned by “measirenents carried
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measurenent of this elastic deformation by sensors appropriately placed on
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case 15 the stage o termnation of the actu avi our of t structure
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degr adatj on., These neasur enent re well known to erson skilled in the
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either in the part internal to the material, or in the external visible

part. AdvarieigesudpPpronraievepiasad ffceridishigitera-he i nvention can al so

conprise a stag L S ian r f J j yctyre as
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comprise at least one acoustic measurement of a deformation by micro-
degradation. These measurements are well known to a person skilled in the
art.
Micro-degradation is given to mean a micro-fissure or a micro-fracture
20 which can occur at the level of a component of the containment structure,
either in the part internal to the material, or in the external visible part.
Advantageously, the method according to the invention can also
comprise a stage of proposing a solution for safeguarding said structure as a
function of the risks of failure determined. Among the safeguarding solutions
25 mention can be made of:
- reinforcing the structure at particular locations;
- stopping the filling of the structure at a level determined as a
function of the risks of failure;
- increasing the monitoring of the structure at particular
30 locations; or
- partly or completely stopping operation.
The data relating to the containment structure can comprise:
- experimental data relating to the filling phase of a similar
structure;



function of the risks of failure; - increasing the nonitoring of the
structure at particular 30 locations; or - partly or conpletely stopping
operation. The data relating to the cont& nnent structure can conprise: -
experinmental data relating to the filling phase of a simlar structure; 5
test or sinulation data; data relating to the conposition of the structure;
data relating to each of the conponents of the structure; Mbreover, the

met hod accordi ng te tteet bngentlationcdataconpri se 5 storage, in a database, of

information relating t he actual, behavi our of the structure during the
filling phase. This Aata el Tt the ca s tipar of & STUGHEr mi ne t he

theoretical behaviourdfh raldtiny tREa&PBF Bhd EBMpoTiehys bitife dttlicfigre; the filling
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The determ nation such a zone can one by a risk analysis consisting
in the detern natiaopadficudar Ireethiodbrod Gitilizagios, ndue roéthdde astondingirte biye
anal ysi,s, of. a design and cpnstruction, dossier of the structure,. finite
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The determination of such a zone can be done by a risk analysis consisting in

the determination of at least one failure mode of the structure by analysis of

a design and construction dossier of the structure, finite element modelling

of the structure as a function of the data relating to the containment

20 structure, and/or by taking into account the data relating to an experiment
on a similar or identical structure, i.e. data obtained on a similar or identical
containment structure used during a past experiment. The determination of
the critical zones makes it possible to concentrate and limit the study of the
containment structure to the critical zones. The determination of the

25 theoretical and actual behaviour of the structure during the filling phase can
thus be carried out for one or more previously determined critical zones of
the structure, which reduces the measurements to be carried out to
determine the actual behaviour and the calculations to be carried out to
determine the theoretical behaviour.

30 The term “critical zones” denotes the zones of the containment
structure that exhibit a greater probability of failure than the other zones of
the structure, and/or the failure of which would lead to more serious
consequences from the point of view of safety, the environment or operating

losses,



thus be carried out for one or nore previously determned critical zones of
the structure, which reduces the neasurenents to be carried out to
determ ne the actual behaviour and the cagl culations to be carried out to
determ ne the theoretical behaviour. 30 The term"critical zones" denotes
the zones of the containnment structure that exhibit a greater probability
of failure than the other zones of the structure, and/or the failure of
whi ch woul d | eadDft eourgeg tisemetind ascnsedinaectse fmantidmnecgoibet ingllemeeneaf

safety, the envjronnent agr operating_ |Josses. 6 O course, the nethod
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of failure 9f, rAitg YrsAliMBREsSS bHShr freitileg a plurality of filling phases
of said structure. The hethod according to the invention can al so conprise a
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during the evacuation phase. In the case of a non-limtative exanple o
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rs.
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filling phagggaPpehd\iur will be measured during the evacuation phase.

In the case of a non-limitative example of application, the method
according to the invention can be applied to containment structures, used in
the medium term, such as liquefied natural gas (LNG) storage tanks. The

20 LNG tanks are used as buffer tanks making it possible to regulate the storage
of the LNG between its supply by tankers and its gradual distribution to
consumers. They are therefore filled or emptied often without there
necessarily being an alternation between the filling phases and the
evacuation phases. The method according to the invention makes it possible

25 to determine the risks of failure of such a containment structure by carrying

out monitoring of this structure relating to filling and evacuation phases.

According to another aspect of the invention a system is proposed of

identifying risks of failure of a containment structure, in particular of a

30 containment structure essentially made of concrete, intended for storing a
product, said system comprising:

- means for determining, as a function of data relating to said

structure and/or said product, an expected theoretical behaviour of



evacuati on phases. The nethod according to the invention nmakes it possible
25 to determne the risks of failure of such a contai nment structure by
carrying out nmonitoring of this structue relating to filling and

evacuati on phases. According to another aspect of the invention a systemis
proposed of identifying risks of failure of a containnment structure, in
particular of a 30 containnment structure essentially nmade of concrete,

i ntended for storisgidastmpctshectdurisgi d phasemmfchittipgi saidy struchwansvitiorsaid
determning, as a function of data relating to said structure and/or said
product, an expect Bt %?W«Qq ﬁtaﬂreaehavi our of 7 said structure during a

phase of filling sai dnéérﬁsl%ur@etwrmhwiﬁgi gn &tadudenaQidie of R, strudtapns for
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t
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deformation of at | east one 10 conponent of said structure. These sensors
can either be cast S{HCYUE concrete of the components of a concrete structure
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meter or clinonmeter type. The means for determ ning the actual behaviour of

the struct Jhe reipforegragnisolipiainfercahsenaeseh\ided F6LSHRNS MAUCEdTbEMAt i on
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matter in the sensors. In a particular embodiment these sensors can
comprise sensors of an optical fibre, creep meter or clinometer type.
The means for determining the actual behaviour of the structure can
also comprise sensors provided for measuring deformation by micro-

20 degradation of at least one component of said structure. In a particular
embodiment these means can comprise for example acoustic sensors
appropriately placed in order to determine deformation by micro-degradation
of a component of the structure. In fact, micro-degradation can, above a
certain level, produce an acoustic signal that can be measured by acoustic

25 sensors. By using several acoustic sensors it is possible to determine the

location of the micro-degradation by triangulation, for example.

Other advantages and characteristics of the invention will become
apparent on examination of the detailed description of an embodiment which
30 isin no way limitative, and the attached diagrams, in which:
- Figure 1 is a diagrammatic representation of a containment structure;
- Figure 2 is a flowchart showing the principle of determination of the
risks of failure of a containment structure according to the method

according to the invention;



certain level, produce an acoustic signal that can be neasured by acoustic
25 sensors. By using several acoustic sensors it is possible to determ ne
the Ilocation of the micro-degradation bg triangulation, for exanple. O her
advant ages and characteristics of the invention will becone apparent on
exam nation of the detailed description of an enbodi nent which 30 is in no
way limtative, and the attached diagrans, in which: - Figure 1 is a
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flowchart show ng the principle _of determ pation of the risks of failure of
a containment st Wﬁﬁ%d%%%?ﬁ@"ﬂ%p%ﬂﬁe F?E?]"I‘u'ﬁtftr%%q'di ng to the invention;
8 Figure 3 is &iq@ﬁwﬁer& aldgPanPhatidieesteisehtaidroBs 208y e AP B Aeer@iihing
structure during the fllllo&g phase of this structure; Figure 4 is a
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structure 10 is ih the form of a paral epi pedi ¢ tank nade of reintforced
concrete conpri SLN§)stofagentiatki.on raft 11, and shells 12. 15 This

radi oaﬁhi ve waste storage structure 10 is equipped with sensors 13 which
are either cast in the concrete of the conponents and in particular of the

shells 12 by a mmglirel Nds I popreseftaaior BE ar ednfirdraeneRtfict@fe TOURRFdew &N the
external surfaces of the shells 12 with a viewto renoval once filling is
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t he d_ef or maundatsorofaft He , smel $lseldut2.ng the filling of the tank 10 as well as
acoust '1& This radioactive waste storage structure 10 is equipped with sensors
13 which are either cast in the concrete of the components and in particular
of the shells 12 by a mounting supported on the reinforcements, or mounted
on the external surfaces of the shells 12 with a view to removal once filling is
completed. This choice depends on the presence or absence of organic
20 matter in the sensors. In the present example, the sensors 13 are composed
of sensors of an optical fibre or inclinometer type provided for measuring the
deformations of the shells during the filling of the tank 10 as well as acoustic
sensors provided for measuring the deformations by micro-degradation:
micro-fissures or micro-fractures. The tank 10 is filled in the direction of the
25 arrows 14 shown in Figure 1.

Figure 2 shows a flowchart showing the principle of determination of
the risks of failure of the containment structure 10 according to the method
according to the invention. As a function of the input data relating to the
tank 10, to the product to be stored as well as to the method of filling the

30 tank 10 and the design basis, a predictive tool 21 makes it possible to
analytically model the theoretical behaviour of the tank 10 and to provide
indicators relating to this behaviour during the filling phase. Among these

indicators are indicators relating to the expected theoretical deformations D,



sensors provided for neasuring the deformati ons by m cro-degradation:
mcro-fissures or mcro-fractures. The tank 10 is filled in the direction of
the 25 arrows 14 shown in Figure 1. Figgre 2 shows a flowhart show ng the
principle of determ nation of the risks of failure of the contai nment
structure 10 according to the method according to the invention. As a
function of the input data relating to the tank 10, to the product to be
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We are interested in our example in the deformation undergone by a
shell 12 of the tank 10, on its central axis represented by the arrow 31 in
Figure 3, throughout the filling phase. Figure 3 is a representation of the

20 modelling of the deformation of the shells 12 of this tank 10 according to the
regulatory design basis. This modelling, carried out by the predictive tool 21,
makes it possible to obtain the theoretical deformations Dy, that can be
predicted for each of the shells 12 for a set filling height. The theoretical
deformations of the shells 12 are determined with respect to an axis 32

25 represented in this Figure 3. At time t;, the filling height h; has been set: a
very specific state of deformation of the shells 12, predetermined by the
results of the modelling, corresponds to this height h;. Several models are
produced, for a relevant number of h;, as a function of the total height of the
shells 12. Thus, at time t;, all of the theoretical displacements Dy, o) Of the

30 shell 12 along the axis z are obtained. The table below gives the theoretical
deformations D, ) €Xpected for the shells 12 of the tank 10 as a function
of the filling height:



makes it possible to obtain the theoretical deformations Dth that can be

predi cted for each of the shells 12 for a set filling height. The
theoretical deformations of the shellsip2 are determned with respect to an
axis 32 25 represented in this Figure 3. At tine t;, the filling height h;

has been set: a very specific state of deformation of the shells 12,
predeterm ned by the results of the nodelling, corresponds to this height

h;. Several nodels are produced, for a relevant nunber of h,, as a function
of the total-heiaght of the shells-12  Thus all—of the
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supplied to the nodule 22 for analysis and 5 determ nation of the risks of
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brron(hl Moreover, at each time t; corresponding to the setting of a filling
height h;, entry of the data from the sensors 13 is entered into and saved by
the monitoring module 23. The actual displacements Dmonhi, 2y along the
central axis 31 of the shells 12 are thus obtained. These deformations Dmonhi,
10 ,are supplied to the module 22 for analysis and determination of the risks of
failure.
The moduie 22 for analysis and determination of the risks of failure
thus receives:
- the theoretical deformations D, ), Obtained by the predictive
15 tool 21 by analytical simulation; and
- the actual deformations Dnoni, z), Obtained by the monitoring
module 23 by means of the sensors 13.
At each time t; the theoretical Dinni, ;) and actual Dyonchi, ) deformations are
compared. The theoretical state of deformation of the shell is thus compared
20 with its actual state of deformation: in concrete terms, for each ordinate z,

Denehi, z @Nd Dmongni, z) @re compared.

The risks of failure of the shells 12, calculated by the module 22, are
directly linked to the differences between D, ) @nd Dmoneni, 2)- By way of
25 example, it is possible to define 3 levels of risk, linked to three levels of
difference, and the safeguarding solutions recommended for each level of
risk:



10 )are supplied to the nodule 22 for analysis and determ nation of the
risks of failure. The nodule 22 for analysis and determ nation of the risks
of failure thus receives: - the theoretiijcal deformations Dth(hi, 2z),
obtained by the predictive 15 tool 21 by analytical simulation; and - the
actual deformations Dnon(hi, z), obtained by the nonitoring nodule 23 by
means of the sensors 13. At each tinme ti the theoretical Dth(hi, z) and
actual Dnon(hl, z) deformations are conpared. The theoretical state of
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by si mul at nogartshé2threciddd taldebetmineoby stfulation the theoretical behaviour of
the structure during a filling phase, monitoring means provided to determine
the actual behaviour of the structure 10 during the filling phase and
10 calculation means 43 provided to determine the risks of failure as well as
means of proposing a safeguard solution for each level of risk detected.
Figure 5 is a representation of the flowchart of Figure 2, in which the
determination of the failure risks of the containment structure is
concentrated on previously determined critical zones. As indicated, the
15 expected deformations are calculated by the predictive tool 21 only for the
critical zones and the actual deformations are measured at the level of the
critical zones by the monitoring module 23 by means of the sensors 13.
The determination of the critical zones of the structure is carried out
via a risk analysis of the different components of the structure. This risk
20 analysis determines and pinpoints the most critical failure modes of the
structure: it may be based on a study of the design dossier of the structure,
for example a study of the safety margins provided in the design, and/or on
a study of the construction dossier of the structure which may reveal initial
defects, defective work, deviations in construction with respect to the design
25 of the structure, and/or by the taking into account of data relating to an
experiment on a similar or identical structure, i.e. data obtained on a similar
or identical containment structure used during a past experiment, and/or by

finite element modelling of the structure.



the structure during a filling phase, nonitoring nmeans provided to determ ne
t he actual behaviour of the structure 10 during the filling phase and 10
cal cul ati on neans 43 provided to deterniipe the risks of failure as well as
means of proposing a safeguard solution for each | evel of risk detected.
Figure 5 is a representation of the flowhart of Figure 2, in which the
determ nation of the failure risks of the containnent structure is
concentrat ed onThe eddtendinatitet ef theegtitidal tzonak camee. cAsidddutan grhralidle 15
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critical ZB@ﬁﬁeﬁ¥nﬂhe noni toring nodul e 23 by neans of the sensors 13. The
determ nation of the critical zones of the structure is carried out via a
risk analysis of the different conmponents of the structure. This risk 20

anal ysis deternipes and pinpoints . the most critjcal failu es he
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t heoretical behaviour of The structure, or beforehand. 5 The nethod

accordi ng to tReptiune efthenntesnabeordpinereando any concrete contai nnent
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Figure 6 is a diagramratic repr | integrity LNG storage

tank 60. Such asStuahk éshtathmadestiucafreds Icng 'buffecostracturent.e. Ktrmekésiite 61
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several decades (approximately 40 to 60 years).
The internal container 62 of the tank 60 is subjected to irregular filling
and partial emptying or evacuation phases as a function of the rhythm of
20 supply and demand for distribution. As a function of the filling of the internal
container, the load on the different components of the external enclosure
varies: indirectly via the foundation raft in the case of self-supporting
structures, directly on the shells and the foundation raft in the case of
membrane-lined structures.
25 The method according to the invention makes it possible to determine
the risks of failure of such an LNG tank by monitoring the structure during

each tank filling phase and, optionally, during each tank evacuation phase.

Of course, the invention is not limited to the examples which have just
30 been described and numerous adjustments can be made to these examples

without exceeding the scope of the invention.



- | eakages of LNG vapour into the atnosphere. Such a containnment structure
61 is a "buffer"” structure, i.e. it makes it 15 possible to regulate the
storage of the LNG between its supply by3tankers and its gradual
distribution to consuners, Its operating life is generally several decades
(approximately 40 to 60 years). The internal container 62 of the tank 60 is
subjected to irregular filling and partial enptying or evacuation phases as
a function of the rhythmof 20 supply and denmand for distribution. As a
function of the filling of the internEI iﬁngainer, the | oad on the different
conmponents of the external enclosure indirectly via the foundation
raft in the case of self-supporting structures, directly on the shells and
the foundation raft in the case of nenbrane-lined structures. 25 The net hod
accordi ng tlo Mashpdwfrideotifyimg ke irtskpaf Sabilie obadmnéaiminment stimactuire K3 0hf
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descri bed and nunmerous adjustments can made to these exanples wthout
exceedi ng the fellypedottagae i nvention. 13 CLAIMS 1. Method of identifying
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said product to be stored; - determ nation of an actual behaviour of said
structure (10) determynatira ofAtnaetusl behpyiony of Siadd striugtyrer el Q1dyring sAidsai d
product; and < t -nat IS i h etical and actual
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accordi ng to <l deterininatianactbgr i zedhpanisbhatofi t sgidnpthexeetical and actual

15 behaviours, of the risks of failure of said structure (10).

2. Method according to claim 1, characterized in that it comprises
determination of at least one critical zone of the structure by study of a
design and/or construction dossier of the structure, and/or of data relating to

20 an experiment on a similar or identical structure.

3. Method according to claim 2, characterized in that the determination of
the theoretical and actual behaviour of the structure (10) during the filling
phase is carried out for one or more previously determined critical zones of

25 the structure.

4. Method according to any one of the previous claims, characterized in that
the determination of the theoretical behaviour of the structure (10)
comprises at least one simulation of said theoretical behaviour carried out in

30 simulation means (21).

5. Method according to any one of the previous claims, characterized in that

the determination of the actual behaviour of the structure (10) comprises at



determnation of at |east one critical zone of the structure by study of a
desi gn and/ or construction dossier of the structure, and/or of data relating
to 20 an experinent on a simlar or identical structure. 3. Method
according to claim2, characterized in that the determ nation of the

t heoretical and actual behaviour of the structure (10) during the filling
phase is carried out for one or nore previously determned critical zones of

25 the strugidtighe fheddBré®@ntofaafll Aetuab banyvione catriedh@uproeys8idstalaures,
characterized in that the determ nation of the theoretical behavi our of the
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behavi our carried out in 30 sinulation neans (21). 5. Method according to
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structure lgag)oneapmipeasntiél 2} af pridiS@Hral10kdytingtbediling Phesen (Dt h,
Don) of at | east one conponent (12) of said structure (10) during the
filling phase. 7. Method according to claim6, characterized in that the

def ormati ory. Methoapriceading toeatdinong ehasddterided oinmahabrthef daforinestidn one
conponent (12) of the structyre (10). 8. Method according to claim.7,
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the struct ype &ARrurOPGy.ses a 15 neasurenent of an el astic deformation by
sensors (13) appropriately placed on said structure (10). 9. Method
according to any one of clains 6 to 8, characterized in that the
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the structure (10) conprises at | east one acoustic asur enent of
def or méPi oriN8FSHERN R astisndeformation by sensors (13) appropriately placed

on said structure (10).

9. Method according to any one of claims 6 to 8, characterized in that the
deformation comprises deformation by micro-degradation of at least one

20 component (12) of said structure (10).

10. Method according to claim 9, characterized in that the stage of
determination of the actual behaviour of the structure (10) comprises at
least one acoustic measurement of deformation by micro-degradation.

25
11. Method according to any one of the previous claims, characterized in that
it also comprises a stage of proposing a solution for safeguarding said

structure (10) as a function of the determined risks of failure.

30 12. Method according to any one of the previous claims, characterized in that
the data relating to said structure (10) includes experimental data relating to

the filling phase of a similar structure.



25 11. Method according to any one of the previous clains, characterized in
that it also conprises a stage of proposing a solution for safeguarding
said structure (10) as a function of thg determ ned risks of failure. 30
12. Method according to any one of the previous clains, characterized in
that the data relating to said structure (10) includes experinental data
relating to the filling phase of a simlar structure. 15 13. Mthod
accordi ng 43.amethoe aﬁcotdinagptw\ainqucnelﬁim peddvas tetainzss dcharactenizedi in
conprises storage, in a database, |nfornat n relatlnguto th% act ua
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cont ai nmenty stk & ¥ehihEment Stﬁﬁu,lec?j@r a contai nment structure (10)
essentially nade of concrete nded for storing a product, said system

conprising: 25 - neans (21) of determ n| ng, as a function of data relating
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17. Method according to any one of the previous claims, characterized in
that it also comprises determination of the risks of failure during an
evacuation phase of the containment structure, the different operations and

20 stages of said method being reiterated during said evacuation phase.

18. System of identifying the risks of failure of a containment structure, in
particular a containment structure (10) essentially made of concrete,
intended for storing a product, said system comprising:

25 - means (21) of determining, as a function of data relating to said
structure (10) and/or said product, a theoretical behaviour of said
structure (10) during a phase of filling said structure (10) with said
product to be stored;

- means (23) of determining an actual behaviour of said structure

30 (10) during said phase of filling said structure (10) with said
product; and
- calculation means (22) of determining, by comparison of said
theoretical and actual behaviours, the risks of failure of said
structure (10).



product; and - cal cul ation neans (22) of determ ning, by conmparison of said
t heoretical and actual behaviours, the risks of failure of said structure
(10). 16 19. Systemaccording to clai m}¥8, characterized in that the neans
(23) of determ ning the actual behaviour of the structure (10) include
sensors (13) provided for neasuring an el astic deformation of at |east one
conponent 5 (12) of said structure (10). 20. System according to claim 19,
characterized in that the sensors (13) provided for measuring elastic

deformation include optical fibre or clinoneter type sensors. 10 21. System

accor di ng t18-a®ystere afcocdiagnk eRimol@ochanagteriaest Iny Eopt the RRanst (3)nefans
(23) of de 10, t Ly I adr, of 7 J J e
sensors (1%5%5}”3'\9%3#?05%&%%%%%%%&%@? 5?%:&#‘@%“%%@%‘ﬁuééépreé‘égﬁ n ‘of at
| east one @oopidednfor(diXasafingaad elastictdeferrhatipn df5SaRdea8yshent@oponentng to
claim2]1, chg aﬁtper' zed in ths the sensors (13) provided for neasuring
def or mafi ofl §/° gidostiueua84dPdn i ncl ude acoustic sensors. 20

20. System according to claim 19, characterized in that the sensors (13)
provided for measuring elastic deformation include optical fibre or clinometer

type sensors.

10
21. System according to any one of claims 18 to 20, characterized in that
the means (23) of determining the actual behaviour of the structure (10)
include sensors (13) provided for measuring deformation by micro-
degradation of at least one component (12) of said structure (10).

15

22. System according to claim 21, characterized in that the sensors (13)
provided for measuring deformation by micro-degradation include acoustic

Sensors.

20



