ADHESIVE ASSEMBLY AND METHODS OF ASSEMBLING AND OF REINFORCING COMPRISING
THE USE THEREOF The present invention relates to techniques for producing adhesive
assemblies. 5t has applications in a wide variety of fields, including connecting an element to a

substrate, in partic%ﬁ‘%ga@g@mgc@ R&ﬁ%@@%%%%ﬁ“ﬁﬁﬁﬂe@ﬁr further

reinforcing structur rance of

structural defects. roMetal e BREINTORGCIBK: € EHIBRISINGNTHR MSETHEREDK welding. This
technigue requires a large temperature increase, which is propagated due to the thermal conductivity

of the metal substratehd ipre@etimesnptnbiicrrse to dedreiiuestafoncpropatinkiiesdhesmample if
there is a flammable atmosphere near the assembly zone. Its implementation can also be 15
problematic if tﬁ@sﬁm% {§e comprising the substrate has paint or other coatings that deteriorate at high
temperatures, as the welding of the element then leads to the need to reapply the paint or coating,

which can be time-cén8amhiAgRIIG#dR8yIN-8r Wdee YREEBh OWiififisy iBEHHHi SRBREL L @

problems on offgBriem0tplaifos ks RER)INA OpafaliaesLasnpRe-AIresaiRes drothgalamenble
substances. They are commonly used but have the drawback of requiring a suspension of operation

that can vary irBERRAL e Hital-RaMiderh <Y Retherve inloscing stoehugi hat Repmtda Rel of

safety. Welding{{gglanigiigsgie aisengiy difiapibip prpiaeeatunder yaiearinedhefidahzanal
25Another solution is to bond the element to the substrate by means of a thermosetting or

thermoplastic Rfestse. A difficulty in this case is to guarantee that the desired properties of the
adhesive are obtained. Generally, suppliers characterise the properties of the adhesives when they

are implertfented un&é@%?’@@mﬁeaf@oﬁﬁ@iﬁﬁmwa@rmn&e'ﬂﬁ&ad)f%@ﬁéfﬂtjér@lu\fé@*d@ee of
humidity, etc. TRERECONIGOTAEIRY B95FS M tature increase, which is propagated due

to the thermal conductivity of the metal substrate. It is sometimes prohibited
due to environmental incompatibiiities, for exampie if there is a flammable
aimosphere near the assembly zone. Hs implementation can also be

15 probiematic if the structure comprising the substrate has paint or other coatings
that deteriorate at high temperatures, as the welding of the element then leads
to the need to reapply the paint or coating, which can be time-consuming and
costly.

For these reasons, welding techniques pose serious problems on offshore

20 platforms or ships or pipelines carrying hydrocarbons or other flammable
substances. They are commonly used but have the drawback of requiring a
suspension of operation that can vary in length, together with sometimes
restrictive measures o ensure the required leve! of safety. Welding techniques

are also very difficuit to implement under water or in the tidal zone.

25 Another solution is to bond the element to the substrate by means of a
thermosetting or thermoplastic adhesive. A difficulty in this case is to
guarantee that the desired properties of the adhesive are obtained. Generally,
suppliers characterise the properties of the adhesives when they are
implemented under well-controlled conditions, particularly in terms of

30 temperature, degree of humidity, etc. These conditions are not necessarily all
present in practice, particularly during operations in a marine environment.

Furthermore, it is extremely difficult to guarantee the durability of the adhesive



present in practice, particularly during operations in a marine environment. Furthermore, it is extremely
difficult to guarantee the durability of the adhesive - 2 - if the environment is relatively aggressive,
which is also unfavourable to operations in a marine ehvironment.  Structures are sometimes
strengthened by applying a metal or composite reinforcement to the structure. However, similar
problems to those set out 5 above arise if an element is bonded to a substrate. In the case of a metal
type reinforcerifetieit eneonautat e thelativeliuradgrensives ovhichdisesiisn sutaveuablsintahe
composite material ysually comprises a resin that,acts as an adhesive in particular, and it is difficult to
guarantee its s%%gfgtt'%}ys/ {?e?fgr]ﬁ]ré%%ee fiidt gf)%l‘itéd in poorly-controlled cponditions. The composite to

material can deteriorate over time if the reinforcement is in %rba ressive environment. The same
b 1

applies to the adhesRIBYFHIERAIG SAMBRIERGH SIEHIRE ARG A ASIAHEL SRR R cture is

not therefore dpsaiils céRehr egethéN\@RIRNraIME dwvevercasimikpmeaifltradinitatiase ofé¢heout

aforementioned techniques and ticularly aims t id hesi b ' i
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proposed, inclydingrearaebstiate; configictede oahkastangedenith meinisruélrelathesoéhesaabstrate;
20- at least one seal compressed between the subistrate nd the ri%id element Hd defining a %ealed
space within s&8 AtEFFH); fﬁ\? composite material usually comprises a resin that acts a
adhesive in particular, and it is difficult to guarantee its satisfactory
performance if it is applied in poorly-controlled conditions. The composite
10 material can deteriorate over time if the reinforcement is in an aggressive
environment. The same applies to the adhesive if a metal reinforcement is

used. The reinforcement imparted to the structure is not therefore durable.

The present invention aims to overcome some of the limitations of the
aforementioned techniques and particularly aims to provide an adhesive
15 assembly that is reliable and durable, even if the environment is potentially

aggressive.

An adhesive assembly is therefore proposed, including:
- a substrate;
- arigid element arranged with an interval relative to the substrate;

20 - at ieast one seal compressed between the substrate and the rigid

element and defining a sealed space within said interval, and

- a hardened adhesive occupying said space, the seal being compressed
by the rigid element that is held on the substrate by the hardened adhesive.

The adhesive contained in the sealed space between the seal, the

25 substrate and the rigid element is advantageously isolated from the
environment surrounding the adhesive assembly. The seal makes such
isolation possible both during the production of the assembly, so that the
implementation conditions and therefore the properties of the adhesive can be
controlled, and during the subsequent use of the assembly, which therefore has

30 satisfactory durability. The adhesive can then be chosen depending on the

desired properties, with confidence that these properties will be obtained



- a hardened adhesive occupying said space, the seal being compressed by the rigid element that is
held on the substrate by the hardened adhesive. The adhesive contained in the sealed space between
the seal, the 25 substrate and the rigid element is advantageously isolated from the environment
surrounding the adhesive assembly. The seal makes such isolation possible both during the
production of the assembly, so that the implementation conditions and therefore the properties of the
adhesive can beffssiivelipdnandLebiipg the subsequent use of the assembly, which therefo_re has_ 30
satisfactory durability. The adhesive can then be chosen depending on the desired properties, with

confidence thal ihesepLaRgiP<yb DRI R rIlectingly R0d fRChropo e UG 0.8 SN

aspect, the invention proposes a method for assembling a rigid eleme a substrate. This method
includes the folRRFRGBIEEsa SigichRiemeat rficeteibeiiaielativis tmetbast bsthatesathedstioning _
permanent seakhgiag arranged between the rigid element and the substrate in such a way as to define
a space in an interval between the rigid element and the substrate; /b/ bringing the rigid element

and the subsstrate tdgetpadinguchigidwelpment relative to the substrate, at ieast one permanent
seal being arranged between the rigid element and the substrate in
such a way as to define a space in an interval between the rigid
element and the substrate;

fb/ bringing the rigid element and the substrate together in such a way as
10 to compress the permanent seal and seal said space; and

fc/ hardening an adhesive in the sealed space.

In another application of an adhesive assembly according to the invention,
a method of reinforcing a structure is proposed inciuding the following steps:

fa/ placing a rigid element opposite a substrate forming part of said
15 structure, at least one permanent seal being arranged between the
rigid element and the substrate in such a way as to define a space in

an interval between the rigid element and the substrate:

/bl bringing the rigid element and the substrate together in such a way as
to compress the permanent seal and seal said space; and

20 fe/ hardening an adhesive in the sealed space to form a composite
reinforcement that is isolated from the outside by the permanent seal,
which is kept compressed by the rigid element.

Further characteristics and advantages of the present invention will
become apparent from the following description of non-limitative examples of
25 embodiment, with reference to the attached drawings, in which:

- Figure 1 is a diagrammatical view of an embodiment of an adhesive
assembly according to the invention;

- Figures 2 to 8 are diagrammatical representations of successive steps of
an example method;

30 - Figure 9 is a diagrammatical view of another embodiment of an adhesive

assembly according to the invention.



10to compress the permanent seal and seal said space; and Id hardening an adhesive in the sealed
space. In another application of an adhesive assembly according to the invention, a method of
reinforcing a structure is proposed including the following steps: /a/ placing a rigid element opposite a
substrate forming part of said 15 structure, at least one permanent seal being arranged between the
rigid element and the substrate in such a way as to define a space in an interval between the rigid

element and the subsyaes /pARGING NG SRS diskeloARRItaRSt SR SURSHAISS 0GB HIRGIN SRy as

to compress the permanent seal and seal said space; and 20/c/ hardening an adhesive in the sealed
space to form a E’éﬂﬁ)ﬁ’&ﬁ Seinforcement that is isolated from the outside by the permanent seal,
which is kept compressed by the rigid element. Further characteristics and advantages of the
present invention wilMWégore&espmraetn ffogiree follanirmphesiviptiasseinoy-lactatidmeximies of 25
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an embodiment of an adhesive assembly according to the invention; - Figures 2 to

diagrammaticalSepretdntiitesferrsueice sinte seyrriviapaskafitbe subﬂ’tmi;%@» pegmaneis seal
diagrammatical yigw of ARILE LRERARe Nl tﬁeas é‘l%?é" A5RAMRLY SG6CHLRY T theJnyertign.

In the various flgures the same reference deno ntic or similar components.
efines a space occupied by a hardened adhesive 13 in the interval between

the plate 2 and the substrate 1.

An installation seal 4 can optionally be arranged between the plate 2 and
10 the substrate 1, around the permanent seal 3. The installation seal 4 is more
flexible than the permanent seal 3. lts role will be explained below.

The hardened adhesive 13 maintains the gap between the rigid element 2
and the substrate 1, so that the rigid element 2 permanently applies
compressive force to the seal 3. The seal 3 compressed in this way seals the

15 space occupied by the adhesive 13 from the external environment, which
protects it from the aggressive nature of the external environment. By “rigid
element” 2 is meant an element, in the form of a plate or otherwise, that is
sufficiently rigid to transmit compressive force to the peripheral seal 3 when the
central region of the element 2 is forced towards the substrate 1. The contact

20  surface between the hardened adhesive 13 and the seal 3 also contributes to
holding the seal 3.

The rigid element 2 is typically made from metal, a composite material or
any other material that is sufficiently rigid and resistant to the environment in
which the assembly will be used. The permanent seal 3 is made from a

25  material, such as an elastomer, chosen for its resistance to this environment.
For example, in a marine environment, an EPDM or Viton® type elastomer can

be used for the seal 3.

In one embodiment, the adhesive assembly can comprise one or more

sensors 7-9 located in the interval between the rigid element 2 and the

30 substrate 1. Such sensors are used to detect physical parameters inside the
interval, such as for example:



With reference to Figure 1, an adhesive assembly according to the invention includes a substrate 1
and a rigid element 2 which, in the example 5 shown, is in the form of a plate covering part of the
substrate. A permanent seal 3 is compressed betweensthe rigid plate 2 and the substrate 1. The seal 3
defines a space occupied by a hardened adhesive 13 in the interval between the plate 2 and the
substrate 1. An installation seal 4 can optionally be arranged between the plate 2 and 10 the

substrate 1, around theepeimpeaenisealRichhsaimsapaticuseabd insasladierhle thamBeagsmanent

seal 3. Its role will be gxplained below.  The hardened adhesive 13 maintains the gap between the
rigid element 2 and tf substrate 1, so that the rigid element 2 permanently applies compressive force

fo the seal 3. The seq)d GEiassed iiy> wAKP<alA 'Be naRRe Pt BT Rl adheae 13 from

the external environment, which protects it from the aggressive nature of the external environment. By
"rigid element" 2 is m@@flt an element, in the form of a plate or otherwise, that is sufficiently rigid to

transmit compressive, forc éo the eripf"_(ﬁr | seal 3 when the central region of the %emert]t 2 is forced
towards thé substrate e FRISIRLRR 28GR Al s REASHEH P A lreRiaaee 8 BiaTpiaal 5
also contributes to hqgittngdhensieal Substrate tigid element 2 is typically made from metal, a composite
material or any other material that is sufficiently rigid and resistant to the environment in which the

assembly will be usegihdhmpasmang néigpals iIsdRAdg ffima tRe ekl SUGLASHE elegtaner,

chosen for its resistance to this environment. For example, in a marine environment, an EPDM or

Vitone type elaSIMEYELPHE Rfthe BrRgs e pasembly by ks sk Parsireua: thesEgigly can
comprise one Op|EieIe $eRSEERMcRIRPAkRmM I NDITebBbRaef dheottid plomest hane hatd0

substrate 1. Such sensors are used to detect physical parameters inside the interval, such_as for

example: Vthe fehBERSGIENAITIAFRAAYR ParHERABARRESLPRARY e drsiadatipr eondRiORSoisture

content, which eante mgRssited MsambMidBusens®rtd; a8seastitedeigsmatiesndhiohscan e
measured by a stress gauge 9, preferably placed on the substrate 1.  The measurin(i] signals
i

coming from th&@¥ERAFDALERSHR T ShedsHiRgkll SuPSTRIEuRmSalacriLRYBY M A%hat
pass through thigéigiifyimte Fedba s pep&icttne BesebIP. incorporated in a sealed manner in the plate

In particular, it can be desirable to check the tightness of the space

15 occupied by the hardened adhesive 13 between the substrate 1 and the plate 2

over time. To this end, a humidity sensor 7 can be placed in contact with a

hydrophilic eiement 6 placed to sense any moisture that might enter the space

occupied by the hardened adhesive 13. In the embodiment shown in Figure 1,

the hydrophilic element 6 is inserted in an annular groove made in the

20 permanent seal 3, in order to sense any moisture entering along the substrate
1 towards the adhesive.

The adhesive used is typically a thermosetting resin, for example of the
EPONAL® or ARALDITE® type. Reinforcing fibres and/or fills can be added to
its composition. The presence of fibres in the hardened adhesive 13 increases

25 its resistance to mechanical stresses.

If the adhesive is injected into the space defined by the seal in the interval
between the substrate 1 and the plate 2, the fibres coated by the adhesive can
be short fibres mixed with the injected adhesive. The orientation of the short
fibres is therefore random in the hardened adhesive 13, which gives it

30  substantially isotropic mechanical properties.

The fibres can also be long fibres from a fibre mat or fabric placed



i0 2. These signals can thus be used to assess mainly the installation conditions of the adhesive
assembly, but also to assess the ageing conditions of the hardened adhesive 13, ensure that it is
performing satisfactorily over time and identify any need to repair the assembly. In particular, it can be
desirable to check the tightness of the space 15 occupied by the hardened adhesive 13 between the
substrate 1 and the plate 2 over time. To this end, a humidity sensor 7 can be placed in contact with a

hydrophilic elerpeft&eplapeddaritrie an¥raoRk sIdatMi RN iekiBR-SRACETORCWRAIBPYIRE
hardened adhesive 13. In the embodiment shown in Figure 1, the hydrophilic element 6 is inserted in

an annular grodPE&s eRARS RS $edmainity A dhee £RB BerqretRddn AP RidRREeLiterigNSong the

substrate 1 towipfie thgpidaasly deingMadsletive Hsserblynisalirasthirearseitiegiesianfanexample
of the EPONAL(r) or ARALDITE(r) type. Reinforcing fibres and/or fills can be added to its composition.
The presence HaTbRISRS RPERESRADSSIES R I BH AILRI9Bs resistance to mechanical stresses.

If the adhesive is injected into the space defined by the seal in the interval between the substrate 1
and the plate 2, the fibresaibafeeniyosienaihdong HarescanoberipleeesitethithteiedhReiwaaitihesive.

The orientationyq tagshpstdibresiis thergfare Regominghe BRISRAERINRSIVE JuphisrBhes it

30substantially isotropic mechanical properties. -'6 - between the substrate 1 and the plate 2 during
installation. ThéMREBRAAY MitBsan@sis irrtiad mdprternaasaiuantpedsintsatingndsfiRtre

directions if the; Aaalicalipn P SiadRRsle AhBREFEFIILIEELHGS HEMEETEFPAAIMRBARPASLR] the

hardened adhesive 13 in such directions. 5In another embodiment, long fibres can be placed in the
interval betweeRatitesgyshencthedemprr aiate Us8susing a prepreg, that is, a group of fibres
impregnated with a resin kept at a low temperature to delay setting. During installation of the plate 2,
the prepreg is placed methpearmenahhnsedied tiplaysirahantepsrianénrile terhpordiuee sdbesi@The

; . ! ) . or i ion.
Comprossed by o TN Bied AePUSAIRRN CORBTHR AT ST RuaTntls RRaR. .
results in bettethadigiveriditforn. theertenstithodexiBantlivhiotpesatisdoriefterednsbllifyion of

 the conditions.

The role of the seal 3 is also important during the installation of the
15 assembly. During installation, the rigid plate 2 is forced towards the substrate 1,
either by means of negative pressure in the space defined by the seal, or by
the application of force on the back of the plate 2. This force compresses the
seal 3, thus sealing the space that will be occupied by the hardened adhesive.
The sealed space makes it possible to produce physical conditions within i,
20  particularly in terms of temperature, pressure and humidity, that are suitable for
the implementation of the adhesive. Implementation can also take place as
recommended by the adhesive supplier. The desired performance of the
assembly is thus obtained, even if it is produced in a difficult environment, such

as a marine environment for example.

25 An installation method for an adhesive assembly according to the
invention is shown in Figures 2 to 8. In this example, a rigid element 2 in the
form of a plate is being assembled on a substrate 1. With a view o enabling the
mounting of other elements on the substrate, the plate 2 can be equipped with
connection systems such as forks, anchor rods, bolts or threading, etc., not

30 shown on the drawings. The substrate 1 can be metal, for exampie part of the

deck or hull of a ship or an offshore platform.



15 assembly. During installation, the rigid plate 2 is forced towards the substrate 1, either by means of
negative pressure in the space defined by the seal, or by the application of force on the back of the
plate 2. This force compresses the seal 3, thus sealingrthe space that will be occupied by the
hardened adhesive. The sealed space makes it possible to produce physical conditions within it, 20
particularly in terms of temperature, pressure and humidity, that are suitable for the implementation of

the adhesive. ImplemieataHs(6pfictian ke BlRSRRM eTgIEI2Ndes! inéeaadhie s seanficthd he

desired performance_of the assembly is thus obtained, even if it is produced in_a difficult environment,
gﬁ’r’(ﬁ‘il

such as a marig@¥harolALMiPe g9 Jynthé Sigith Riptene o msans KfireiNenis and

according to theiryenéen Thehsiate ip, D WARR 188 periinextaele Pdigidiiamaaldtisrederm of a
plate is being assembled on a substrate 1. With a view to enablin& the mounting of other elements on

the substrate, the 1A% 288 BRSERNEfe SFMHNIMRE (RASSSBIERSEIR AR Hor ke 86— Bdé, bolts

or threading, etextand IAshomgipafties]unbIusyTBE HibplErte 4 GaB hestanidiofPEexpMPEIRGIt Of the
deck or hull of a Shgjfﬁéma@ offshore platform. In a first (optional) step shown_in Figure 2, the

substrate is cleSIf¥ sdhanFrasIManeRbssR! St @@@%%M%}'}'ﬂ%g‘ﬁf@lﬂ’ygﬁts

and/or abrasivessal Redqiptee tiokehighathbegemanrerirestd anpérsdngialliiignteedieidiaieeen
positioned, can theﬁﬂé)%e' resented (tFigure 3).. The seals 3, 4 5 extend the length of the periphery of the
i

plate 2, the instifia SPINESIHRth SRR hARghaYRsiiR cht sk ¥ SRPSRLSeAMURIR it. The
installation seak{drepiitichirkeriits (hetsHBRAGAt BRAIRSIEIRS B)icHaty ethespatsd2insthat it

comes into contact with the substrate 1 first. If sensors and/or a hydrophilic element 6 (not shown in
Figures 2 1 & HENALRUEHBATR SHTE R ATD 1 AR AP O HUTE BIERE?, they
can be put in plegesindprdrteitsiadedreplateniairetorrsaripgoimnrosiiedipsihetirpte 1. Once
contact has been made, a pumping system 22 is activated to create negative pressure in the interval

between the substratgbarbHIscRIRR BEROHIRR INGARITIRIIS 18R Pale Zdnsiedhs BRIEgnent

seal 3 (Figure 4). 15 The negative pressure forces the plate 2 towards the substrate 1 and compresses

the seals 3, 4. NAGRLYRIATBERMSMJ RS Ntas/BbLatwann: the svhteler thanriigneliteed 3 will
prevent it from mm%w%ge@%@ﬁb%qﬂqr@é‘b@fgmﬁwehﬂ%%@ﬁm%ﬁaﬁﬁs@étrstaﬂg%ez;).
W

installation seal 4, which is compressed first, provides this initial seal. When the negativé pressure 20

becomes $tifficiE, tREGRIRaRiRESHER idIcessdhee Alatge v aidsuigrastbslateind prd 2 and
provides the desiippeadles tHEexbaRsSSCANGHOWR %tiﬂf‘ﬁ\dﬂﬁ%@ thRI816t 35 IDHSHE IO Aroghace

treatment fluids into thegace sealed by the seal 3, in which negative pressure is maintained by the

duct (Figure 5) Siiffipse ReTRATERSE@ Wik prevenhEdame rRdding ared S5 Pueat can
be opened or cigsgshselpfive by RnsResEVST A/ eBRSraR 1N theaiRasaiahewRdaFAgiaien the duct

25 is connected, by opening the valve 26, with one or more tanks 29 containing the desired treatment

fluids, while the"@REeRsRA sty PrRYiIdERId Nt inriah gealkcu X h the sResalivpapeessH  llected

by the duciy23 krpioah@eIatinR-RORIesserpeAndtdHEcse 8PNENHISS pégn@réz@aemgéﬁr%e the
facing surfaces of the substrate 1 and the plate 2 as well as the inner side of the permanent
substrate 1 and the plate 2 and provides the desired seal.

Next, a second duct 24, provided in the plate 2, is used to introduce
treatment fluids into the space sealed by the seal 3, in which negative pressure
is maintained by the duct (Figure 5). In the example shown, the duct 24 is

25 connected to two other ducts 25, 27 that can be opened or closed selectively
by respective valves 28, 28. In the phase shown in Figure 5, the duct 25 is
connected, by opening the valve 26, with one or more tanks 29 containing the
desired treatment fluids, while the valve 28 is closed. The fluids that are thus
circulated in the sealed space and collected by the duct 23 kept at negative

30 pressure can include:

- solvents or primers intended to prepare the facing surfaces of the
substrate 1 and the plate 2 as well as the inner side of the permanent



seal 3 to facilitate the adherence of the adhesive that will be injected subsequently. The appropriate
solvents or primers will generally be indicated by the supplier of the adhesive used,; - dry air at a
controlled temperature, intended to produce the desiregl-Stemperature and humidity conditions in the
sealed space.  When the desired conditions have been produced in the sealed space, the injection
of the liquid adhesive 15, containing short reinforcing fibres if applicable, can begin. In the example

shown in Figure 6, inigesio ipCcritintheethy RIaRNBHEE Bty KuRdae 3Paf laNidadRrsivss15 and

opening the valve io 28, the valve 26 being closed. The liquid adhesive 15 propagates in the sealed

space. Once the spaé@t@%%ﬁ?ﬂmely-rm (RRRIRPSth SRiRAtEINEsREBB e Wb Bl CPE3. It

can be detected in thipdidate® 1oy the ugifarciookiid ahH RieRIBE, system 22. Following such
detection, the valve 28 is closed and then the ducts 23, 24 are closed off on the back of the plate 2, at

the points marked 1583, 2 iFiguremtrollethécoipsrdtuealeihigrdedisttheraduspleiedy desupikd by
liquid adhesive 15. T [ (10T 0 i i i Iding it for the period
specified bjj the resinnfa{ggl%ﬁte nségyﬁeg ﬁg‘%ﬁ%ﬁiﬁé&%ﬂhgeﬁ ?ﬁéyg%a%t{g ﬁ)%?ge%ég:j up cross-linking. Such
heating can be perfarmed hy contact on the pack Z%Oft e plate 2, it being ohserved that cross-linking
temperatures, whictwbeepy%ﬁ%lﬁ’/egé'i?edra??re]ég%%e ?ggz?%@nﬁ’ﬂgd%ﬁfgg% tﬁ(??éer%aﬁﬂ?ec@during
the implementatfien infeciiceidofg tinethiquid adit@stepolmensednity sdbesiantdrbioidsfibepermanent
seal 3 by adhegj nd.by the compression, generated during installation, between the 25 substrate 1
and the rigid e%&%%a?i 1;%8Pz%ilgfﬁ{(ﬁg(%gﬂeégsgmgﬁ%géﬁgecﬁ%%fﬁrﬁiiﬁiﬁiv.th
appropriate to pplingtibea.duc arartanied Dy Tlidling e ooleiing ith an
abrasive vyére. /ég & m\l%lﬁ, Sbsg e% tefm %ra]% aghe;s've f;Jcebssembl%/sis in the t?mporg‘rg assT bly of
an installation guite %or a module on%ﬁ %?% ore'3 '8i‘l’6%a PV LRGBS T EGRRRIT
assembly can ispzeic(Macedhrssaitest: iis & ompletety dudtr(Eiguesot prifeticddsadfhee sl bersbape of
the rigid eleme I cQ djst Bo t{'mi e,its ntr'bu{iag to the structural reipfor eihnent of
the substrate 1%%%%8%520%%% %’?ar{? %hee%%g gsﬁ@%éwcacco?éiﬁ]gaté Hﬁee fn%@rgtig}l] ?3 €

pumping system 22. Following such detection, the valve 28 is closed and then

the ducts 23, 24 are closed off on the back of the plate 2, at the points marked

15 33,34 inFigure 7.

The closed sealed space is then completely occupied by liquid adhesive

15. The resin constituting the adhesive 15 is polymerised, hoiding it for the

period specified by the resin supplier. It may be appropriate to heat the plate to

speed up cross-linking. Such heating can be performed by contact on the back

20 of the plate 2, it being observed that cross-linking temperatures, which are

typically several tens of degrees, are much lower than those reached during the
implementation of a welding method.

Once polymerised, the adhesive 13 holds the permanent seal 3 by
adhesion and by the compression, generated during installation, between the
25 substrate 1 and the rigid element 2 (Figure 8).

The adhesive assembly can be used temporarily if this is appropriate to
the application. It can be removed by cutting the adhesive 13 and the seals 3, 4
with an abrasive wire. An example of use of a temporary adhesive assembly is
in the temporary assembly of an installation guide for a module on an offshore
30 oil platform.

The shape of the rigid element 2 can be adjusted to fit the shape of the



reinforcing a structure, either preventatively, if the structure has to withstand greater loads than initially
planned, or to repair a cracked, corroded or perforated area. For structural reinforcement, the rigid
element 2 and the adhesive 13 can it) be put in place-im-the same way as described with reference to
Figures 2 to 8. Generally, reinforcing elements will be coated by the adhesive between the substrate 1
and the rigid element 2 to increase the mechanical strength properties. The reinforcing elements will

preferably be fibigsstiage Nt tHEhRradingsiVS agsample. daese pantleishat fiksesidbarm daiyeforhich
will be calculated i% accordance with the forces toﬂ_[(‘e withstood b% the system bonded to the substrate

1. They can als® BEUBHIEHRBLHREAFNGEESSmED ShaRR MdBed Wi RISHER A RRRABR PRid

element 2 is besfjuaeedo Thptliatigdite scaistdsiarge dol ependngodir therkapiirc@mefoseement to 20
be made. For ex le, if a substrate 1 with a crack 40 (Figure 9) is to be repaired, quite a large

proportion of th8 @t@\/i I'be arranged transversally to the direction of the crack.  In the example
shown in Figure 9, the reinforcing fibres belong to a prepreg 50 arranged between the substrate 1 and

the rigid elément 2 dOfiRes anPliratinnRfraer adbesiverasse My ReprEgng v iiennyeatigeiated

before positionipgrif Gk AerRiBAFHNEMIRT SRevErREtRAY T INSREPSIAIERIrEARa B MARBRIAEOWN
per se, consist of a stack of layers including for example: - an adhesive film 51 on the side of the

substrate 1;  9"ea8E deads phammiiplicRiaRaes?, aialfs, ipRaissanHRCkeAbré9mofifercynated
with a resin, the,aaiéigeef ¥raigh is delayed by cold; - 10 - - a fibre filling 55 that is capable of being
flooded by the resin when the prepreg is compressed; - an adhesive film 56 on the side of the rigid

element 2. It will be yngergiond IakaarGHAIRMRL FERILINRER 9T4h8 RhePAdHesive 13 can

10 be put in place in the same way as described with reference to Figures 2 to 8.
Generally, reinforcing elements will be coated by the adhesive between the
substrate 1 and the rigid element 2 to increase the mechanical strength

properties.

The reinforcing elements will preferably be fibres. As in the previous

15 example, these can be short fibres, the quantity of which will be calculated in
accordance with the forces to be withstood by the system bonded to the
substrate 1. They can aiso be longer fibres beionging to a mat or fabric placed

in the interval when the rigid element 2 is being placed.

The long fibres are arranged depending on the repair or reinforcement to
20 be made. For example, if a substrate 1 with a crack 40 (Figure 9) is to be
repaired, quite a large proportion of the fibres will be arranged transversally to

the direction of the crack.

In the example shown in Figure 9, the reinforcing fibres belong to a

prepreg 50 arranged between the substrate 1 and the rigid element 2 during

25 the production of the assembly. The prepreg 50, which is refrigerated before
positioning to delay the cross-linking of the resin that it incorporates, can, in a

manner known per se, consist of a stack of layers including for example:
- an adhesive film 51 on the side of the substrate 1;

- the actual pre-impregnated mat 52, that is, the assembly of fibres
30 impregnated with a resin, the setting of which is delayed by cold;



5 other than the one shown in Figure 9, can be used within the scope of the present invention. For
example, the prepreg can also comprise a heater blanket to heat the resin 15 when this is necessary
to ensure cross-linking, and an intermediate film. Thesg additional elements can then be arranged in
such a way as to maintain continuity of the adhesive between the substrate 1 and the origid element 2.
For the installation of the adhesive assembly shown in Figure 9, the negative pressure is achieved, by

the duct 23, in the spac@tﬁ@fmmdgbzshmaﬁrsmasabf@%k?a@m?th%mﬁaﬂey%é%% AVhBFEYRUSY,

dry air is circulated in the sealed space in order to control the humidity conditions and temperature. 15
It is possible to increAERMRIEFMVREE re via the duct 23 by pressing on the rigid element 2 to

compress the prepregr\iiRadile MAEUR e BIEPaAI0wa gl qurpohe duct 23, the duct s
e n

closed and the resin is cross-linked in the sealed space, I necessary by heating it. If the resin from the
prepreg is not sufficign ill th ace after the rigid plate 2 has been forced towards the 20
substrate 1, it is poss?tlb gﬁ;(gj ?nj%ﬁcgs%ﬁ 0é}r%r si"#1 s“géfeo‘d?% r%‘?e%'&ﬁ&‘@‘?&“ﬁf&&r f | %Preg’Figure 9
shows a permaotiverstrer8 thied areirsialiation seglirevdthcdiffebentsbapestiiianmtbasspeowtiveFigures
1to 8. The per has an M-shaped profile, one side of which is bonded to the rigid plate 2
and the 25 ornBr TeR O RS £ Tl oo CEH S 5 LR B AP M e
sheet bonded ttotHeatribal esinof theviveshtipe dspreftessidhe feeemanantcsessdinkidgpatiddaagainst
the substrate 1iﬂ§8Hﬂg él?ﬁ erig"d pl?b?ezeb% g&@ﬁgg (I)f a bead, of seal&\nt 5. If necessary, shims in the
form of wedges can bé insér edin t estrlangu ar garo%\?g\%%‘e%%u 3%8%&%3 Y6 5o
shaped seal 3 iwaydss to cusmimtithedhibhuitg oD ihbeaiitesisbbetivessrtibsshstated Aandhgeigid
plate 2 du%pg i'f‘?&'&'%l% p’l?l} Controlling the thickness of the interval between the substrate 1 and the
al es| ]

rigid plate so“ma possible to improve management of the geometry and thus the behaviour of
the composite reinfo nt. In hf?cFase sho%l in Figure 1, the permanent seal 3 has a trapezoid

profile while the inst Iloolettr%%esé% 1P LioHF oPANESItR S SRGMP BaShoWroWh fgtERIr8s e 8, the

permanent seah@gakioe pressureriilachevie ipytatatianceats in imdesfee aianpkig syripending
the permanent seal 3. Gegeralllé itqvﬂ;ltbe ,un%eé{stood that the permanent seal 3 and, when it is
present, the instISIRNE0L 562! AR L REIRRIFEOR 5P Shdpe B RNIRH e 4BRK &t fieuiastion.

The applicationm dhéhecading sivacesireoralyracceseing théheumnienyicosaithy ey &ingefdi@yinclude
for example: - nnectiozr:@ for &f_gﬁorting new element on a marine or maritime installation,

particularly oil-rel SR S SR S N 95F 50 BRaA e AR SR HR G ISk ed NRIGRSIDE 7
example on or tineleigidesterhentn PEsressitgePsashresipn\Hionage Feandiftfioprineplaigorm or

in the tidal zon%iggvglé:géppgd rg ﬂ% %ﬁ%q Qg,t%ﬁlelaagbsc’:t is closed and the resin is cross-linked in

the sealed space, if necessary by heating it. if the resin from the prepreg is not

sufficient to fill the space after the rigid plate 2 has been forced towards the

20  substrate 1, it is possible to inject further resin as set out with reference to

Figures 6 and 7.

Figure 9 shows a permanent seal 3 and an installation seal 4 with
different shapes from those shown in Figures 1 to 8. The permanent seal 3 has
an M-shaped profile, one side of which is bonded to the rigid plate 2 and the

25 other side of which is applied against the substrate 1. The installation seal 4 is
a flexible sheet bonded to the central part of the M-shaped profile of the
permanent seal 3 and applied against the substrate 1 around the rigid plate 2
by means of a bead of sealant 5. If necessary, shims in the form of wedges can
be inserted in the triangular groove made around the periphery of the M-

30 shaped seal 3 in order to control the thickness of the interval between the
substrate 1 and the rigid plate 2 during implementation. Controlling the
thickness of the interval between the substrate 1 and the rigid plate 2 also



- temporary connections for installation guides on an offshore facility, where epoxy, polyurethane,
polyester, vinylester, methacrylate, silicon and polyimide type adhesives are used for their
known qualities in terms 200f resilience and strength; structural reinforcements (beams: chords and
webs, columns, struts, sheet metal, etc.); repairs to a damaged structural area, for example corrosion;
repairs to a perforated structural area where the seal must be 25reconstituted. The rigid elements to

be bonded camhakeiacechossibiés sildmpfive swastagenaerd tofbmeregmdnehqpairmitdrwsrableed area;

cinforcemont BF LRI Hec GRS LSRG, MG s SO FLREES, i 1.

ustriarprodu
repair, reinforcemenamsnosesicidmerastimseadic gitofile. while the installation seal 4 is in the

form of a bellows. In the cases shown in Figures 2 to 8, the permanent seal 3

5 has a round profile and the installation seal 4 is in the form of a skirt
surrounding the permanent seal 3. Generally, it will be understood that the
permanent seal 3 and, when it is present, the installation seal 4, can have a
wide variety of shapes within the scope of the invention.

The applications of the adhesive assembly according to the invention are
10 very varied. They include for example:

- connections for supporting a new element on a marine or maritime
installation, particularly oil-related,

- connections for supporting a new element to be placed underwater, for

example on or under the hull of an FPSO (Floating Production, Storage

15 and Offloading) platform or in the tidal zone or in compartments such as
ballasts;

- temporary connections for installation guides on an offshore facility,
where epoxy, polyurethane, polyester, vinylester, methacrylate, silicon

and polyimide type adhesives are used for their known qualities in terms
20 of resilience and strength;

- structural reinforcements (beams: chords and webs, columns, struts,
sheet metal, etc.);

- repairs to a damaged structural area, for example corrosion;

- repairs to a perforated structural area where the seal must be
25 reconstituted. The rigid elements to be bonded can be placed on both
sides of the substrate area to be treated,

- repairs to a cracked area;

- repairs to a pipeline, including underwater, in order to restore its sealing
or strength;

30 - repair, reinforcement or connection in civil engineering structures,

industrial production facilities, etc.



- 13 - CLAIMS 1.Adhesive assembly including: a substrate (1); - a rigid element (2) arranged with an
interval relative to the substrate; 5- at least one seal (3) compressed between the substrate and the
rigid element and defining a sealed space within said-interval; and - a hardened adhesive (13)
occupying said space, the seal being compressed by the rigid element that is held on the substrate by
the hardened adhesive. to 2.Adhesive assembly according to claim 1, in which an adherent interface is
formed between the hepdgnedinfdnesiverans tneettivassedispal. afcfufhagiye assembly according to
any one of the previous claims, in which fillers are coated by the hardened adhesive (13) within said
space. 4. Adhesive assembly according to any one of the previous claims, Isincluding at least one
sensor (7-9) located in the interval between the rigid element (2) and the substrate (1), to detect at
least one physical parameter within said interval. 5. Adhesive assembly according to claim 4, in
which the sensor



comprises a humidity sensor (7), the assembly also comprising a hydrophilic 20element (6) located at
the seal (3) and in contact with the humidity sensor. 6. Method of assembling a rigid element to a
substrate, the method including the following steps: /atplacing the rigid element (2) relative to the
substrate (1), at least one permanent seal (3) being arranged between the rigid element and
the 25substrate in such a way as to define a space in an interval between the rigid element and the
substrate; - 14 - /b/ bringing the rigid element and the substrate together in such a way as to
compress the permanent seal and seal said spagelagdyqhg dening an adhesive (15) in the sealed
space. 7.Method of reinforcing a structure comprising at least one substrate 5(1), the method including
the following steps: /a/ placing a rigid element (2) opposite the substrate, at least one permanent seal
(3) being arranded betweekdtnesiigichedembing anghidipgubstrate in such a way as to define a space in
an interval between the rigid element and the substrate; 10/b/ bringing the rigid element and the
substrate together in 8 ﬁW@é@/ ddito compress the permanent seal and seal said space; and

- arigid element (2) arranged with an interval relative to the substrate;

5 - at least one seal (3) compressed between the substrate and the rigid

element and defining a sealed space within said interval, and

- a hardened adhesive (13) occupying said space, the seal being
compressed by the rigid element that is held on the substrate by the
hardened adhesive.

2. Adhesive assembly according to claim 1, in which an adherent
interface is formed between the hardened adhesive and the compressed seal.

3. Adhesive assembly according to any one of the previous claims, in
which fillers are coated by the hardened adhesive (13) within said space.

4. Adhesive assembly according to any one of the previous claims,
15 including at least one sensor (7-9) located in the interval between the rigid

element (2) and the substrate (1), to detect at least one physical parameter
within said interval.

5 Adhesive assembly according to claim 4, in which the sensor
comprises a humidity sensor (7), the assembly also comprising a hydrophilic
20 element (6) located at the seal (3) and in contact with the humidity sensor.

6. Method of assembling a rigid element to a substrate, the method
including the following steps:

fal placing the rigid element (2) relative to the substrate (1), at least one
permanent seal (3) being arranged between the rigid element and the

25 substrate in such a way as to define a space in an interval between the

rigid element and the substrate;



/cl hardening an adhesive (15) in the sealed space to form a composite reinforcement that is isolated
from the outside by the permanent seal, which is kept compressed by the rigid element. 158.Method
according to claim 6 or 7, including a prior step of surfage treatment of the substrate (1) by abrasion
and/or application of solvents. 9. Method according to any one of claims 6 to 8, in which the bringing
of the rigid element (2) towards the substrate (1) includes the creation of negative pressure in the

space defined in theghintgrirRjiRgtweendidesisideric BIRN tRO dithEiea s hsgateer 10 - dethadwarcasding to

claim 9, in which an installation seal (4) more flexible than the permanent seal (3) is arranged between

the rigid element (2) antPtRRERERERIRS PPABA R Seatand iaals2id ePRrgha8%ccording to any one
of claims 6 to 10, in/gyhiﬁgrg&ﬁ{gngm\;gi{%"qne{ﬁgggta@a %)é\é%réjs the substrate (1) includes the
€ tHe substrate. - 15 - 1

application of force on the rigid element toward 2. Method according to any
one of claims 6 to 11, in which, between steps /b/ and /c/, a dry gas and/or at least one solvent and/or

at least one primer is circuiségsos m&ém&aiﬁgaé%tr&&dvl@tb@%ﬁﬁgwiag 280 A8&0bStRRS 6 to
e sea

12, in which the 5adhesive (15).is injected in the liquid state into t led space before
5 (%, the meti'god) inciugjing the fo!low(iqng steps: P

fa/ placing a rigid element (2) opposite the substrate, at ieast one
permanent seal (3) being arranged between the rigid element and the
substrate in such a way as to define a space in an interval between the
rigid element and the substrate;

10 /o/ bringing the rigid element and the substrate together in such a way as

to compress the permanent seal and seal said space; and

fc/ hardening an adhesive (15) in the sealed space to form a composite
reinforcement that is isolated from the outside by the permanent seal,

which is kept compressed by the rigid element.

15 8. Method according to claim 6 or 7, including a prior step of surface
treatment of the substrate (1) by abrasion and/or application of solvents.

9. Method according to any one of claims 6 to 8, in which the bringing
of the rigid element (2) towards the substrate (1) includes the creation of

negative pressure in the space defined in the interval between the rigid element
20  and the substrate.

10. Method according to claim 9, in which an instaliation seal (4) more
flexible than the permanent seal (3) is arranged between the rigid element (2)
and the substrate (1) near the permanent seal.

11. Method according to any one of claims 6 o 10, in which the bringing
25 of the rigid element (2) towards the substrate (1) includes the application of

force on the rigid element towards the substrate.



hardening. 14. Method according to claim 13, in which short reinforcing fibres are dispersed in the
liquid adhesive (15) injected. 15. Method according to any one of claims 6 to 12, in which at least
part 10 of the adhesive is part of a prepreg (50) arranged in the interval between the rigid element (2)
and the substrate (1). 16. Method according to claim 15, in which the rigid element (2) is brought
towards the substrate (1) at least until the adhesive from the prepreg is discharged through a duct (23)

provided in the 1@lid elemenéthod according to any one of claims 6 to 11, in which, between
steps /b/ and /c/, a dry gas and/or at least one solvent and/or at least one

primer is circulated in the sealed space.

13. Method according to any one of claims 6 to 12, in which the
5 adhesive (15) is injected in the liquid state into the sealed space before
hardening.

14. Method according to claim 13, in which short reinforcing fibres are
dispersed in the liquid adhesive (15) injected.

15. Method according to any one of claims 6 to 12, in which at least part
10 of the adhesive is part of a prepreg (50) arranged in the interval between the
rigid element (2) and the substrate (1).

16. Method according to claim 15, in which the rigid element (2) is
brought towards the substrate (1) at least until the adhesive from the prepreg is
discharged through a duct (23) provided in the rigid element.



