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Metal-foam laminates with improved sound or heat insulating properties are known
20 for use in cladding or roofing buildings, see for example US 4,698,278. Such laminates
generally employ foamed or fibrous materials and are not intended to, nor capable of,
bearing significant loads, i.e. significantly greater than self-weight and small loads due to
localised wind or snow action. Not withstanding, the use of a steel-polyurethane foam-
. sweel sandwich was investigated for use in hulls in ships. Tt was concluded that this type of
25 sandwich construction was unsuitablé as it did not have sufficient bond strength to provide o
equivalent in-plane or transverse stiffness and strength to stiffened plate structures that is
required to carry the applied loads. |
GB-A-2 337 022 discloses the use of an intermediate layer comprised of an elastomer
located berween and adhered to the inner surfaces of first and second metal layers.
30

The present invention provides a structural laminate member comprising:



-2 a first netal layer having a first inner surface and a first outer
surface; %"é&m{lﬂ netal |ayer having a second inner surface and a second
out er surface, e second netal |ayer being spaced apa‘?qT’(Flfol’/Mlg%li d first
metal layer; a formlocated between said first and second inner surfaces; .
and 5 an internediate | ayer conprised-of an el astoner |ocated in the spaces
between said first and second inner surfaces not occupied by said form and
adhered to said first and second inner surfaces. The first and second
nmetal |ayers nay be regarded as face plates of the construction. 10 They
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distribution of wiring or piping through the laminates can easily be provided. Compared
to traditional stiffened steel plates, this form of construction provides equivalent in-plane
and transverse stiffness and strength, reduces fatigue problems, minimises stress

20 concentrations, improves thermal and acoustical insulation, and provides vibration control.
The laminate provides a structural system that acts as a crack arrest layer and that can join
two dissimilar metals without welding or without setting up a galvanic cell.

The form is considered to be non-load bearing and is considered to simply provide

accurately shaped, spaced and dimensioned volumes in which the elastomer core is not

25 required for structural performance. The space not occupied by the form is filled with
elastomer. The quantity, shape, and location of the elastomer between the metal plates is
application specific and is designed to function integrally with the metal face plates to carry
all the forces that the composite structural laminate plate may be subjected to. Itis
anticipated that sufficient bond area between the elastomer and the metal plates be provide

30 to transfer the applicable shear forces. In some applications welding of intermediate metal



-3 plates or sections may be elimnated. Furthernore, the internediate

| ayer shoul golagsaaglesi gned and have naterial characteri sti’éﬁcﬁ({nﬁﬁ% yield
strength, nodulus, ductility, hardness, rebound resilience, efmal and
acoustical characteristics, danpening_gnd vibration characteristics) to
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di ssipation and inelastic nenbrane action in the netal face plates and to
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schenat i ¢ lirwepnahe wetabpleternrsentioas andrthe mgtablayers is provided through the bond
15 between the elastomer (primarily) and form (secondarily) and the metal plates or sections.

The present invention provides a method of making a structural laminate member
comprising the steps of:
providing first and second layers in a spaced apart relationship with a form partly
20 in contact with both metal layers located in a core cavity defined between the two plates,
said form partially filling said core cavity;
casting an uncured elastomer into said core cavity; and

curing said elastomer so that it adheres to said metal layers.

25 Providing the form in contact with the metal layers allows laminates to be

assembled easily within the required dimensional accuracy.

Exemplary embodiments of the invention will be described below with reference to

the accompanying drawings, in which:

ST



| am nate construction according to the invention show ng several different
forms; Fi 4l S a longitudinal cross-section of th 03|te
structural an1%%te construction according to the preseﬁ?ﬁgﬁvgngp

Figure 3 is a cross-sectional view of a second enbodi nent of the |nvent|on;
Figure 4 is a cross-sectional view of*a third enbodi ment of the invention
with a curved section; and Figure 5 is a cross-sectional view of a fourth
enbodi mrent of the invention. |In the figures, like parts are identified by
i ke nunerals. 10 Figure 1 is a cross-sectional view of a |am nate nenber

according to pres Il nventi o The .| nat menber conprises a first
outer | ayer tI'h fér‘srﬁelitﬁml gﬁss'sFﬁ;‘@P%éﬁlfeﬁ’taﬁc %?3 26"’83??“55?@%%'@ out er
layer 2. 11&%&@60%&%@3!&@%&0&96 InvERI¥nIREwik | Eé%xtahﬁff&%xefomdsayer s 1 and 2

at areas marked 15. The internediate |ayer 20 is bonded to each of the
first 15 and Jigwadialeegitudipplqrass-sectinn obthpisihe cogfpbrits sspyetusal daspigath t o
transfer shear J | ayers so as to forma conposite
struct ur al  Te Dt 08%%3’5%’%%&%?%5%} fn(r?{gﬁm%éds significantly greater than
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requi red Qipedise@ionpddperti es. Such physi cal propertles m ght i ncl ude
strength, stiffness or densi.t The f rn110 conpri s sever,al sub-sections
11 i nt er connedtige quﬁ?%ﬁ%?ﬂ%mroia? d%ﬂ?tggé‘ﬁ%‘fﬁuiﬁ are general ly
of the sane shgpg sq;k%pgﬁgggydeﬁgﬁg@gymdﬂ&ﬁgrat ed in Figure 3 or 4

for flat or curved sectiois. The interconnectors 12 are general |y, though
25 ni®t necessarily parallel to the metal layers 1, 2. The interconnectors

12 generally S _ef. ﬁrog LO n.Llhe sub- sectlons
11. Preferabl 3‘3 se@graa %J 0ec |onsa %1%&% e&:c%%% c% FE T ar
I nt egr al | Mvermidea. ﬁhhﬁ:mtcm&ﬂbmmpmésadirsttdﬁ&riayéxst addngn !S@aﬂmterrﬂddiaed’ | ayers

1, 2 alo tlre e ,of b-.sec 1 or at ali nt di nples 13.
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and second outer layers 1 and 2 with sufficient strength to transfer shear loads between the
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outer layers so as to form a composite structural member capable of bearing loads
significantly greater than self-weight.
The precise load to be borne by the laminate member will depend on the
application to which it is to be put. The ratio of volume of form 10 to volume of
20 intermediate layer 20 is selected in accordance with the required physical properties. Such
physical properties might include strength, stiffness or density.
The form 10 comprises several sub-sections 11 interconnected by interconnectors
12. The sub-sections 11 are generally of the same shape and are evenly spaced as illustrated
in Figure 3 or 4 for flat or curved sections. The interconnectors 12 are generally, though
25 not necessarily parallel to the metal layers 1, 2. The interconnectors 12 generally have a
smaller maximum.cross-section than the sub-sections 11. Preferably, several sub-sections 11
and interconnectors 12 are integrally made. The form 10 may contact the first and second
outer layers 1, 2 along the entire edge of a sub-section 11 or at alignment dimples 13. In the
latter case, more surface area is available for the intermediate layer 20 to bond to the first

30 and second layers.



Preferably there are continuous paths through and avoiding the form 10 from
the first ‘9851%24{4ayer 1 to the second outer |ayer 2. Mre ﬁri)referabl Y,

there are straight paths through and avoiding the f or m HTRYM e First
outer layer (face plate) 1 to the second outer |layer (face plate) 2 which
are optimally perpendicular to the first and second outer 5 | ayers. The
formmay be shaped to additional bonded area for the el astoner at the netal
face plates. For exanple a cross-section of the construction would show a
series of elastonmer ribs that |ook |like Ionic colums (colums wth )
capitals). The_faqrm.10, may be made of, any t of..liaght .wei f gam
material, e.g. Pf*-‘g%ﬁ%F‘é?ﬁé‘ﬁé%‘ﬂﬁfuﬁ%%ﬁ%ﬁ{ﬁ‘%&agw € #‘é‘&bw%\?‘f‘ﬁhet he met al
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layers .1, &8 ﬁagrgpga}ck Bl eeidl fe bﬁﬁgﬂlé%?eﬁlﬁﬂir% @iseh?fm s&%mgfpxgtexded for a

speci fic purpo tructed im a ric manner for specl
t hi ckessdsyesuThe it mayde shapedtdfidamhlbobdedsiraador the glaytomer dtithe m@aver al

fornms could b ositioned adjacent each other. 15 b en si.ngl.e outer
| ayers. l&f’ffé Pﬁé%biéf %"r‘é‘ £3 “J’ﬁ*a"' chon e CPREEFSP Swotdd ot sﬁré?sq’f o

nts “Wou repFace orns W materi al s
| i ke wood eRsidmlet ghd thasloglelikologicfcoluied (@haals wethkapitalghese fornms woul d

perform the same functions an uld hayg ., simlar attribytes to those

previously deséps lf‘é‘ﬂ"f i %ma‘(fii%‘\?,kor?ﬁyﬁ?@.e E@%@’%Fme‘éﬁ-ﬁ'i ncr eased

shear and pBig%M&le @Y fobREFBich H5esGRN A8 wiARe keRMapb8 Y odwi . the form
3]

10 may be conpri se a 20 regul ar array of sub-Sections interconnected
at réQul aelastomer. vBheprefarred foamyisz polypranylens semirigid feam withadensry ohigméatamy wi | |

show uni f gr m Ity I mm%] pﬁgg@ I ] shown
in Fi gure%}nz{a%%%gf %&&; pgge,gﬁg%g?spamﬁg g tgﬁfanos %gé%j#%(}r@rﬁsﬁ%/ e

vari ed. Thig metldayeont) @cr thesintePmethate biyenrdc Gbe dpirh Y0 mep be wulsled fomiaf or ml y
spaced either. An shape of .sub-section 11 and.indeed even, hol |.ow shapes
oo be chometc BbueS aprnieddt 28RSt i R REARRE R S ot R 109
physi cal gsraPrYdouRibeafzed (tet) ne fineSevéral farmpadoirlddiel pasitiatieindjacébb eachother Si on of
hol | ow i nt erconneg¢tors [12 or. hol | Qw,el ongat sub-sections, 11 al |l ows

ot el " hren Dot SRR N BPHRHrou B e e, BROLFE AR o1 m 10 i s
not in a Lpad-ReRE WRed aaDihh Bld foradel SteeliboxdsSTRese fRMY QoL Herfb@y Of
providing voids in the inter%ieate | ayer 20 T{rf ares?as where the whole 30

| oad- bear Hregamapustiens ap¢ wonldhagesmilaratirbutes i theserreneshedesribadforithest i nsi de
surface 4¢and b e NOr0fs ﬁa§ BREHUSBEY NAL 3 flexural stiffness.

As can be seen from Figure 3 or 4, the form 10 may be comprised of a

20 regular array of sub-sections interconnected at regular intervals. A structural laminate
manufactured in this way will show uniform properties across the whole member.
Alternatively, as shown in Figure 1, the size, shape, and spacing of the sub-sections may be
varied. The interconnectors 12 do not necessarily need to be uniformly spaced either. Any
shape of sub-section 11 and indeed even hollow shapes can be chosen. These variables are

25 chosen according to the required physical properties of the member in a particular area.
The provision of hollow interconnectors 12 or hollow elongated sub-sections 11 allows
internal distribution of wiring or piping.

The function of the form 10 is not in a load-bearing capacity, but rather it isa
convenient way of providing voids in the intermediate layer 20 in areas where the whole

30 load-bearing capacity of elastomer 20 in the space between the first inside surface 4 and the
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-6 second inside surface 6 is not required. In this way, the density of a
gi ven str menber can be greatly reduced. Furth e position
(f;%(’%ﬁ“n the structural |am nate nenber can%rtgjéc%aﬁg/&{lght ely
controll ed and the dinensional accuragy of the di-stance between the first
I nside surface 4 and the second inside surface 6 can be 5 increased. The
first outer layer 1 includes a first outer surface 3 and a first inner
surface 4. Simlarly, the second outer |ayer 2 includes a second outer
surface 5 and a second inner surface 6. The first inner surface 4 and the
second '“”Qond%lé@ﬁgfa& (H@Xotbr@ RAC B APRE Jttﬂeraeamyro@agﬁeﬁ&nﬁ!awt 20 to 250
mm At a mn first a d second o |l ayérs will have a 10
"t hi cknessmefobé dmbagﬂadmquedel‘mhhralp& ﬂawsmmowvﬁ V@deﬂmmey t he

i nternmediate | has us_of .el astiCit . Of at 4 | east 250 MPa,
nor e pref%?ﬁwgl)i%a% #’(Saccr‘i‘ﬁ%?]y £, ]ﬁ‘é)a(%det e Ptnérrpergfmacg ?n t he
envi r onmedie distinWhb&Wednltbe fmﬂha&e sifato4 el 6 edond insidsdairfacdBidah b ng

applications this may be 100 degrees C. The el astonmer shoul d not be too

stiff5 somewaedE shoul d be | ess than 5000 MPa at the | owest expect ed

temperature, -AQ MG quft? laber FRERLAES fﬁsﬂ&témc@wah&uﬂa:mawa&epns | f
addi tional shear or flexural stiffness is required for_a specific

appl i cat i Similariptth secmdenueglmerilmcl@ds gaseqndmgermghcaé%swcqmdtegml ly with
or bonded t ther thg QLA : e and
nunber ar%""{é‘heoé ﬂ’cf“pe i Ng O%E%&‘%es?gﬁ&ﬁ%@?{nﬁa ea#a&g %krréln s. The
pl at es or rafgCdfiabest 208y 230am oL warhtzﬁﬁlﬂmmguhbt&fbtnﬂdieyondroutaraay&m@hﬂéhye or 20
both, The .t onpression and,tensile str asg wel | e el ongation
of the o Bﬁsrﬁf %Hdcsfl"‘f)ﬂnmfhﬁ? 2@'&’? ‘315' 4?’}?’@&{5 P“‘X‘Fﬁ nate to
absor b engjsgynddilus'éPblsidiy, |EQaﬁatQm53MMﬁi&r@§refefﬁbﬁyCZ75 MPe, phti cul ar, the
conpressi ve and tenS| | e strengths of . the el astag mg%ul d be at Ieast 2,

?nd plr ef eMaIMIDERp te’&ﬂﬁa‘h‘ﬁ’r’étb? RVEOBBIERt 18 (V. Aels eobgrsed sl e and
ensile s
Sl PRGN pPfeari s 152 a3 be 100 G0 TR oflPRIOEIG cf BOrd\BH®

m ni ma, WS afurt ment of the present invention in
whi ch shesorth:plb&hesld lﬁ(besemmpoﬂ‘él’mhe lavestfexpestedaedpssgonddloantdh | ayers 1

and 2. she at e solid or perforated with punched hol es
61 as i I I &*%@é%lg?ﬁg'ﬁf ”'Eé’au%s allow free flow of 30 the injected
i ntermedi at e |fadaditioatl shml offléxiral Gtiffhd3gis raquirad for aspecifisapplivadod, amedlani cal

plates or rolled sections may be cast integrally with or bonded to either the form or the

elastomer. The location, size and number are chosen depending on the load and structural
requirements. The plates or sections may be oriented longitudinally or transversely or
20 both.

The tear, compression and tensile strengths as well as the elongation of the
elastomer should be maximised to enable the composite laminate to absorb energy in
unusual load events, such as impact. In particular, the compressive and tensile strengths of
the elastomer should be at least 2, and preferably 20 MPa, and more preferably 40 MPa.

25 The compressive and tensile strengths can, or course; be considerably greater than these

Figure 5 shows a further embodiment of the present invention in which shear plates
60 extend between the first and second outer layers 1 and 2. The shear plates 60 may be
solid or perforated with punched holes 61 as illustrated in Figure 5, to allow free flow of

30 the injected intermediate layer 20 and after curing to increase the load (mechanical



WO 01/ 32414 PCT/ GB00/ 04198 7_interlock) between the internedi ate |ayer

20 and the Q | ates 60. Perforated plates provide stiffer menbers,
reduced sl enderness and reduced wei ght of conponent. PF&F@BQHW% he shear
pl ates 60 are | ocated adjacent from sub-sections 11 as illustrated in

Figure 5. Those sub-sections 11 pref et/anl y extend for substantially all the
| ength of the 5 nmenber so that the internediate |ayer forns a plurality of
spaced apart elongate ribs and the shear plates 60 are bonded to one of
t hose elongate ribs. Shear is transferred to the shear plates 60 via the

bond (adhesi on .and nechani cal ),.to, prqyi de.the required flexurgl stiffness.
The net al ’-PE&IE? bf,w‘*?‘.l dRSTR %]Bj()?%ﬁl‘ﬁ%g}}eé{ﬁgﬁ% 'q}cﬁaB[P&%l?ﬁ%%e may al so
be 10 al g&bﬁaumfféMk&w&k&a&&&@ﬁs&a&&aﬁgmafc_oaiﬂoaxﬁ. in speciality -
applications where |ightness, corrosion resistance, inertness_or other

speci fic pirefemblyi the shepeplatesseare lpcatednidiacentinont subtsestipes Prasillusupsedichave a

**4ni mumyyi el Mg ' gg ] t 20% For
many appl ilyd Fg'ng?gsgsr}éﬁé.%cg%séfgﬂl p lg?)%ﬁgfkﬁ%}gﬁaﬂgggg%tll %ﬁ% t he net al
is  wsl dalih@nbet So tHaethestitatmadiayecinger fornid aplralivg ofisphéed mpat elomgasd bswiad ch
provide different functipns., Exanpl.es are mld steel for strength at |ow
cost, staitI’ﬁ Féit o) 032?49@5%?5&?&’ 3%’??&‘?&-@‘%““&%?%‘&“ tack and
al umi ni umghQE platedlpb WRIBIBonddsHbesisd idd @ smialdo piovidaghdreqdifed fibuedki | i ty of
the elastoner at the | owest operating tenperature nust be greater than

t hat of t Istiffpgss. o | ayers, which is about 20% A preferred value for the
ductility of t'T‘ﬁem%&lﬁkr&éi,%égﬁa&%ﬁa&ﬂ%{eﬂ%&%ﬂtﬁ&%{aﬁ&%Se' s 50% The

thermal coefficient of "the el astomer’ nust al so be sufficiently close to

that 10f t hinnstivel, semlestatel oxothersomcreel ollays it spesialiy. spplisatiome whesepect ed

operating,range, and duri wel di n nog . .C del i t.at inen. The

ext ent byhggﬁlg%hcoﬂ?goflﬁ%s} mf*%;ﬂg%??*?%{%%?fzspaftﬁﬂ{gy‘?% nater g'l éﬂlgan differ
Wi | | depe mibrdl shqidd preferablyhieave e ndsimut yigldatretgule o248 MR ah elongitionofhel | eved
that the thermal _expansion. coefficiept ,of,thge 25.el ast. r be. about 10
times thaﬁea fzg?"l'nﬁ’ T 2RRAGTODS omre %m}"é‘@&“dﬁeﬁeﬁsﬁﬁf‘@%ﬁaﬁ%i on may
be controlgerldbRy the addition of fillers to the el astoner. The bond
strength between the, el astoner ang _netal | ayers should be at |east 1 Mra,
prefdbably 6 MPaeBeatlayerel.dmavike difaentmands YRt Broxds A ferem dunctiens s i s

pr et er abl ;a6 e thild Beel 1B e BRBIF R A1) SSIRIBRE1oP Crdlhth BIARHAMRE J © S1 el

but additiona esives nmay b
chemical attack and aluminium for lightrweight, good stiffness and strength.

The ductility of the elastomer at the lowest operating temperature must be greater
than that of the metal layers, which is about 20%. A preferred value for the ductility of the
20 elastomer at lowest operating temperature is 50%. The thermal coefficient of the elastomer
must also be sufficiently close to that of the steel so that temperature variation across the
expected operating range, and during welding, does not cause delimitation. The extent by
which the thermal coefficients of the two materials can differ will depend in part on the
elasticity of the elastomer but it is believed that the thermal expansion coefficient of the
25 elastomer may be about 10 times that of the metal layers. The coefficient of thermal
expansion may be controlled by the addition of fillers to the elastomer.
The bond strength between the elastomer and metal layers should be at least 1 MPa,
preferably 6 MPa over the entire operating temperature range. This is preferably achieved
by the inherent adhesiveness of the elastomer to steel but additional adhesives may be

30 provided.
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30 provided. WO 01/32414 PCTI GBOO/ 04198 -8 Additional requirenents if the
menber is to be used in a ship building application, include that the
tensil e stwemnpididacr oss the interface nust be suf fi ci enpPCT/GBosOBI98 t and
expected negative hydrostatic pressure and del am nating forces from steel
connections. The form and el astoner -gust be hydrolytically stable to both
sea and fresh water and if the 5 nenber is to be used in an oil tanker nust
have chem cal resistance to oils. The el astonmer therefore essentially
conprises a polyol (e.g. polyester or polyether) together with an

| socyanate or a di-isocyanate, chain extenders and fillers. Fillers are
provi deg as lf}«e&ﬁﬁ&ﬁn yequir€m énesifi e rhéiﬁad’rh&b%ﬁhsed@@i §h11§3bﬁlﬂir|1g);fp hmﬁn, |
‘internmedi ate | ayer H5‘§ ce t .and ot herw sg contrq physi ca

propert i emclyfe thagtherr WF‘&‘L srfiFmé ¢ ppgde C‘én‘tj“‘t‘@méﬁ‘itrol
hydrophob The
form 10 E'Tlt%trgrga&% e&’%gfl 20 é{ngc{ebe e%gozé%&ép%%ﬁgnc%sed I n
cases mhﬁ:mah&elahommmﬁstéméwm}émﬂbcht%bdeewlh@ﬂem@m @fatqlasdértbe exposed,

and ere th Lse ven el in na edqal t oget her, the
i nt evg?redl 2 ?raﬁ/é"r n‘%ﬁde llqzmli glhaﬁegl 5'5“?| Sagfls requi red shear
capacity bet wegie ddsniek dieeéforaledenﬁaﬂﬂ‘nsilpﬁ&s ﬁﬁslyslt(ag.tpol)&sfém polfyettiey) r onment

(e.g. LTV resistgnt), Extra addi.tives be re UII’ Sfor posed material s
to enhantgether s %?é%%sg‘i}’éﬁ‘?&%"r és%&nﬁﬁ% ’EséP ﬁgi‘%sﬁff t he outer

layers to xtobﬁe& hi ﬁ&:@@ﬁ? eread&@t&ltﬁmefﬁmeﬁg of the mrnfedﬂt% laﬂ? nehibly is in

t he range of from .5.. The el astoner is preferably onpact, i.e.

has ent r aites @mwséwW%%%’§@Pw of b glagiomen wt?@ﬁwﬁ& g. for

cos ic or X ;g[g_.ca out er
surfaces of t%g&ﬁ?ﬁ g{;’ ﬁ’g%‘?{ eit Qﬁéerﬁ,%b orelir%%'(r a terﬂ‘“ﬂﬁ?.%@%!ﬂ%ﬁ of the
| ami nate. O héThe fbmtmngémtupeéjaedamzm)mybdaposed (ppeu) e:oe;ncbquoﬁedases

el ast orer of, .t he e nvent on is s ronger
and st.ffﬁﬁﬁfﬁ&n f;?e‘ﬂﬁé‘i‘miﬂeﬁﬁts‘% ég s3re FReEE é?ri’ﬁ ‘h&%’ hat has
no i nt er nBeitnAseddy even e]ibi@tdcfalto@éihé?ﬁﬂﬁm:&édﬁtdﬂ&fé?%te&ﬁl fubthrédidanal ogous

manner to_a box girder | -beamwth t nternpedi ate | ayer performng the
function @rea%‘eowémgaﬁ ST SBPACHTT, PSR @ht%@eﬁlwawmﬁwép the sel f and

the pondsed,8ohReni Qb ATV aikehs. Biah a@&u%&yge@squhxd freQitied RalchiAPRS eF the

forces that w arrse in usé of the nenb
enhance fire reststance.

The ratio of the total thickness of the outer layers to the thickness of the elastomer,
(T, + Ty) / T, generally is in the range of from 0.1 t0 2.5. The elastomer is preferably

compact, i.e. has entrained air of less than about 25% by volume.

20 Coatings, e.g. for cosmetic or corrosion resistance reasons, may be applied to the
outer surfaces of the metal layers either before or after fabrication of the laminate. Other
coatings may also be provided to protect exposed elastomer.

‘The member of the present invention is substantially stronger and stiffer than a
member with the same total thickness of metal that has no intermediate layer. This is

25 because the member acts in an analogous manner to a box girder or I-beam with the
intermediate layer performing the function of the web(s). To so function the intermediate
layer itself and the bonds to the outer layers must be sufficiently strong to transfer the
forces that will arise in use of the member.

A further advantage of the present invention, of particular benefit in ship building

30 and bridge applications, is that the intermediate layer acts to prevent crack propagation



A further advantage of the present invention, of particular benefit in ship
bui | di ng %90@1'7.{%4113“ dge applications, is that the internediate | ayer acts
to prevent crack propagation WD 0152414 PCT/ GB0O/ 04148 PCH/GRURB t he

i nner and outer |ayer. The el asti ci ty90f the internediate | ayer helps to
prevent the propagation or growth of “existing cracks. The conposite
structural lamnate construction bends through a |arger radius at support
poi nts or along the edges of |oads, dissipating the bending strains,

| essening the correspondi ng stress concentrations and the 5 possibility of

the formation of, fatigue cracks. .Jhe preferred net hod,of bricating a

| nat o e B PR g eSS, ThA SafieRs R b triiedte Pres hiPie Heser a
layers 1, 2nd froPagalas Blgroftt of ekistiny dr@dks WkdcdntjRsifetritrhfal Ginipased bet ween
the two layers 1,2 and.in orltact vth the two | ay rsté,Z. In this way, the
separ at i ooBstrucHen bspgs Fhé?&i@ frges, Psr?éd“Hﬂ?“tH?é“tﬂ?frfi?f&' #iedges efleads,or m 10.
The el ast [ ;Jg&lgi : i s ggbg,c Bl

(general | @lrgg%ﬁgrg t%?gssu e |’%!t[L %%]?én%&%q%&nkgrn%l n e?fu(’)a?%ﬁ{eﬁhgg%i ty

f ormedl by posbilivpof tetfatmdtiop of Htigueanatk® not occupi ed by the form 10. The
form may be bonded to the ,ste | ates,wi.th bondi ng agents_of. .

el asti c- conpat ﬁlgT Bre}eéﬁﬁ'&)eﬁhr? so(?\%ﬁbgﬁm?ﬁ?flﬁfl%ﬁfn e?t%Fre%‘é?rﬁ'mlgtéo F‘hfl"ﬁveflﬁgnpl at es
o 15 e caat i ma the P aCes T ot 2 Tnol et o assi ot
el ast oner bF‘I“G_?&,‘ W°é?§ﬁlm%%¥taq%§£%7?gawgs@éhsﬁmﬁ 8 of the

el ast oner QU i:ag of & trivd tyst WtefnsiBy die dinfon6ies of the oA 10."ehd divehdr JF he

di spl aced air should be optimsed. "The plates may also be fixed in place
in the st rhedntermediate laypn 20dscagy ar ijedtessEenerallyiunderipressure) slizeprlytingo thel di ng of

the menber_to oth ggg@, [ Sy r -
necessaryr%mﬁ“%é\?g{hg su {;%egr??’tt%e%!ﬁargl%&g%%%m%é&gﬁgggqﬁeofé%%ure t hat
el ast oner 1@&nThé form ipaybe bandede the sedl plateawathdhonding tgedtirnd glesdickymplyiblheat  of
wel di ng. The width.of the weld rgi,n will .depend on {he.heat resistance
of ¢ he_ el SbRHa Hith ECT e F ROh e b BE ol b e Pt bour 75
m | f thgmelltBetlaesherissuffiddntlpedseen the plates, the welding margin wll
need to be defined by, el pngate renoyapl.e or cast in place spacers. 25 The .
nunb& of inj e@?ﬁ"&gmtg%f?ﬁ’g ﬁﬁ?¥§g?lgqm’é i*P Pwab%?dneﬁ OPher avai | abl e
equi pment e\feﬂrveﬂ?iéﬂPihBGgHJE@h?&BR&'i%éo%e@%&oﬁk@&&ﬂ?%&n&@sﬁ&ﬁ“ﬂﬁ%em ni mim
|

splash (ideally splash free), the volume, orientation and shape to be
filled, teénsesswe F:Fdﬂ%p flow f thedisplaced air should be optimised. The plates may also be

fixed in place in the structure and filled with elastomer in-situ.

To enable welding of the member to other members or to an existing structure, is as

20 necessary to leave a sufficient weld margin around the edges to ensure that elastomer and its
bond 1o the steel plate are not damaged by the heat of welding. The width of the weld
margin will depend on the heat resistance of the elastomer and the welding technique to be
used but may be about 75 mm. If the elastomer is cast between the plates, the welding
margin will need to be defined by elongate removable or cast in place spacers.

25 The number of injection and venting ports required will depend on the available
equipment for pumping the components of the elastomer to provide minimum splash
(ideally splash free), the volume, orientation and shape to be filled, the optimum locations
to evacuate air (ensurance of no voids) and the gel time of the elastomer. The injection and
venting ports should be situated in appropriate places for the use to which the member is to

30 be put. If the member is to be used as a hull plate in a double-hull ship, the injection ports



to evacuate air (ensurance of no voids) and the gel tinme of the el astoner.
The injection.. venting ports should be situated in appropriate places
for the ué‘;eo‘ﬁgmich the menmber is to 30 be put. If the"%ﬁ?@?‘l?"s to be
used as a hull plate in a double-hull ship, the injection ports WO 01/ 32414
PCTI GBOO 04198 -10 are ideally suitel®-so as to face the inter-hull gap
rather than the sea or cargo space. The injection ports are ideally quick
.di sconnect ports, possibly with one-way val ves, that can be ground off
after casting. Injection and venting ports may be sinple holes drilled into
the netal face plates. These may also be sealed with netal plugs that are
flush or araidealty suised  agite face the inverrkull gap cashey|tharethe 2R oy cargnspace; dihei n
“injection .vent] de of,.a_.paterial hat has,gal vanic
char act erng'%T‘l'oéls& té*é%geaita? un\%l ?E% He&?e%’lgolssé%} Pgt.}l%ﬁ_@varﬁflgﬁst ﬁc"ﬂrbgcess
nust be rgoiddufbafier oaseing.ulnfeciaremdehtingsprafmdyte seaplé holesdrilita itro Ny back
pressure which m ght use swellin nd. uneyen plate {hickness. The

i nj ect i orfPerRlpreREE- b'ggeé%’f“ﬂ’gg%ﬂﬁg?@m metah glvet Vot ore whgrinrde Sub _

Pr 0g%5es Siwigh the erdl e GRYd. tBlugs idskited hQnjAbtioRlor VR a0k Hilleigpg the life

of the lamnate, it may be necessary to verify t(hat the elastoner has
cor r ect | ymaseriad thegg hasgalvanic gharzgreristicscpmpatile withahe metaldayess. usi ng  ul t r asound

or ganma-ray i SPad ABPeL a1: QF el 1 el ast oner has
not properly ggﬁ%?%%‘,dﬁ?ﬁ%cm amage’%o’?egl on%g@%‘gﬁnﬂelfn Ic’fl|5l$ea"ta‘é1 %Vltg%% (cold
cut) or faopibeckpressaredvitithemghtssseelling aoditneyen plife thickiped Thatigjedtiog. USi Ng a
router or_pr.essurise t.er ¢hydro bl asting) until .good el astoner is
exposed éﬁlgdéoé\%ﬁaﬂr‘eﬁgor%%l tsuﬁ’("':ér/tgﬁttaé%l‘.”1 “&Pﬁ%&’&‘"ﬁgﬁ g &3y fillse 1 enai ni ng
el agoomer  nugifrebafinfadriueiatd thyngothe ife Jf Olic 1aMiat| B Sia9He hecets@Sitoiverifii tU, tO
adhere. qu%agr sent ihnvent% [ﬂgsdbe n desclri be%@bov in relation to both
maritime?® SERT b AT RRE A Ns A ap Hhe el ewses- qaa bedeneysingl y appl i cabl e
to thoseMa&g@mmﬁ{&mq@ﬁne and transverse | oads are expected,

where inpact | oads need to be resisted, where increased fatigue resistance
or where resi $pasrair dagagadeembersy pritf shd edastamer dasiqt phiperly wihepa), 82414

PCT/ GBOO/Q4198 regidtof th el AV shumectl EHF 5HE8le LATNEL B BBHDSL SQIP 1 S1 N0:

15 gouged out, e.g. using a router or pressurised water (hydro blasting) until good elastomer is

exposed and a weld margin is created. The exposed surface of the remaining elastomer

must be suffictently clean for new elastomer, cast in situ, to adhere.

The present invention has been described above in relation to both maritime and
20 civil engineering applications and is especially applicable to those where significant in-plane
and transverse loads are expected, where impact loads need to be resisted, where increased

fatigue resistance or where resistance to crack propagation is desirable.



a first netal layer having a first inner surface and a first outer surface;
5 a second | ayer having a second inner surface an out er
surface, tﬁgga‘?&lgnd nmetal |ayer being spaced apart fro%cggnﬁ&ﬁ rst netal

| ayer; a formlocated between said first and second-inner_surfaces; and an
i nternedi ate | ayer conprised of an el&astoner |ocat ' aces between
said first and second inner surfaces not occupi ecﬁﬂmgmaﬁﬂ l E adher ed
to said first and 10 second inner surfaces. 2. A stsucCt ul

in which the first and second netal |ayers are bonded together by the

I nternmedi ate el astomer |ayer w thou | di of internediate netal plates.
15 3. A structural |am nate nenber to claiml1l wherein said form

is made up of a plurality of sub-sections. 4. A structural |aminate nmenber °

according to claim3 wherein said plurality of sub- 20 sections are
i nt er connett ed Aytrogresal lawimateceesmher compusiag r yct ural | am nate menber

according 0 cl.3ip fediiys bRl A Sk FUDSSEL ERMSer i al i girent
ude

di npl es whi ch protr romthe surfaces of said sub-sections-to contact
with said fir staseonderal dhyprimeng susedoad emer 88fag and a second petensurfaggrtheat e

nmenber according ta any .one of, clains 3.,t.0 5 Ln said sub-sections are
hol | ow. 7.Se$9%dt‘gﬁfé]tqﬁpfeé e%ﬁaﬁgfgarﬁéﬁﬁesﬁd%%(ﬁ%%'g%o any one of clains 3 to
6 wherein the S sUBcatedBetwrias sad fitshand sacomdadrer fefaca] dndt he sane shape. This

Sheet Has Been Replaced 11111111 VILI LI1I1ILILILL LIl W6ql/32414
PCT/ GB0O/ 04198 apjiptermedtats layer cpmprised jof pp flastqrpgr lqcsted in the spaces berweensaid |

| ami nat e NRADEL BGHAEHeR Girkabes GbRbd¥Epiad bpsald Wiy Sidndhdal Gbideabhons of
10 second inner surfaces. '

2. A structural laminate member in which the first and second metal layers are
bonded together by the intermediate elastomer layer without welding of intermediate
metal plates.

15
3. A structural laminate member according to claim 1 wherein said form is made up

of a plurality of sub-sections.

4. A structural laminate member according to claim 3 wherein said plurality of sub-

20 sections are interconnected by interconnectors.

5. A structural laminate member according to claim 3 or 4, wherein said subsections
include alignment dimples which protrude from the surfaces of said sub-sections to contact

with said first or second inner surfaces.

25 :
6. A structural laminate member according to any one of claims 3 to 5 wherein said

sub-sections are hollow.

7. A structural laminate member according to any one of claims 3 to 6 wherein the

30 sub-sections of the form are not all the same shape.
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the formare not all uniformy spaced. 9. A structural |am nate nenber
according tq amy one of claims 4 to 8, wherein the 5 cross-sectional area
of said sd%%‘é’éﬁ flons is greater than the cross-secti onafCHERNGPS saij d

i nterconnectors. 10.” A structural |am nate nenber according to any one of

t he precedi mmumuunfmeE n a pludality of fornms extend substantially
all the le so that said 10 internediate |ayer forns a
plurality of spaced Apatt *elongate ribs. 11. A structural |aninate nember
according to any one of the preceding clains, further conprising at |east
one shear plate generally per pendi cul ar to sald first and second | ayers
and ext elddi ngAtshecwmbadi mnemdlbbtmdm;dmgmosla;nd.‘innﬂerhtmhdteeub-sepaonsoﬁ 12. A
structural lan nat Jjis ccording to claim1ll, wherein said at |east one
shear pltaG ETRRAe ﬁtrou“ﬁli{%ﬁmfesg“ 3. A structural |amnate nember according
to any one of the preced| ng clal ms, 20 wherein said formis made of foam

preferabl y pol yur et h (PU) am 14, A structural |am nate nenber
accordi ng W&mﬁﬁté Fr%CBOfigStWr%eﬁ claims 4 v §y Whersinthele of

pol yprom& Qs%cu 2 aes ofAai8le bbbl ¢-BMLNBLALIBIRAERAA! gy 0. any one of
the preceding clains wherein said ¥ormis in partial contact with at |east
one of smtdermestor-and netal |ayers. 16. A structural |am nate nenber
according to any one of the preceding clains wherein there are continuous
pat hs avoiding said formfromthe first inner layer to the second 30 inner
| ayer. Thos ShAseucthedliahéeme Rempbeacecbrding td idyldnbloft}ielplrechdhhgclhﬁ:is || || WO

01/ 32414 PCT/ GBQO/ 0419 13 11111 [11] (11 M
s 17. A SHETsit 1Pralryef g}ﬁé?m&%lb’r’elhhﬁ %Lé’lﬁﬁ‘é)ﬁ’émg?‘r ) atﬁi“écem ng
cl aigrs WiREleliate layer forms a plu.rahty of spaced-apart elongate ribs.

11. A structural laminate member according to any one of the preceding claims, further
comprising at least one shear plate generally perpendicular to said first and second layers
and extending therebetween and bonded to said intermediate layer.

15
12. A structural Jaminate member according to claim 11, wherein said at least one shear
plate has through holes.

13. A structural laminare member according to any one of the preceding claims,
20 wherein said form is made of foam, preferably polyurethane (PU) foam.

14. A structural laminate member according to any one of claims 1 to 13, wherein said

form is made of polypropylene.

25 15. A structural Jaminate member according to any one of the preceding claims wherein

said form is in partial contact with at least one of said first and metal layers.

16. A structural laminate member according to any one of the preceding claims wherein
there are continucus paths avoiding said form from the first inner layer to the second

30 inner layer,
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there are straight paths avoiding said formfromthe first inner |layer to

the secondj | ayer and said straight paths are sub I.al |

per pendi cul‘g(?&%“éai d first and second netal [ayers. 5%%§%ggi4f%uctural
| am nat e nmenber according to any one g$ the preceding ¢

addi tional |load bearing netallic nmenbers are It m&m,m ut not

wel ded to, said first and second inner surfaceds mu, ctural

| am nat e nenber according to claim 18, wherein sai 8 et atofer*is adhered

to said additional nenbers. 20. A structural |am nate nenber according to
according to any one t.he precedi ng,. cl ai ns wher,ei n said.el astoner has a
nmodul us oft7el a&wﬁ%}mﬁf E’ﬁFgFr atcf‘fgﬂmﬁf" THuHeE o the ppeins JEmssherssy ang a
ducti | ity £xceedirNght fattls a0bidinD €aidFhedh froMythE first ibher 14yes td thelsdtbad ingti Nat e ‘
menber according to claim 20, wherein said elastoner_has a nmpdul us

el asti ci t yaygr swkseid straght Rathsagr mbstepiallp gerpenshioplayte,saidlrsband secoad mgtal ur 4

| am nat e rirergger according to any one of the preceding clainms wherein said
el ast omer “Has tensile and conpressive strengths of at least 2 MPa. 23. A -
strucsural |am nate nenber according to any one of the preceding clains

wherein said elasto has a bond strength to saj,d net l,ayers of at

loast 1 NPk, 28 seycurl lappinty Bember aaRoBE b0 shy dhe T s eitine RES e of
t he precedidifosd RialbestiRintirdllic ainbershra ddcanat betinger; bipiidt twekfed to) ssidl ittt ur al
| am nate nenber according to any one of the preceding clains wherein 30
sai d firstodsegondeapeFuraes | ayers are spaced apart by about 20 to about
250 mm This Sheet Has Been Replaced 1111111 2111111 111D 10T 1T WO

01/ 32414 PCTI GB00/ 04198 - 14 . . .. )
10 19. A structural laminate member according to claim 18, wherein said elastomer is

adhered to said additional members.

-

20. A structural laminate member according to according to any one of the preceding
claims wherein said elastomer has a modulus of elasticity, E, greater than or equal to about

15 250 MPa and a ductility exceeding that of the metal layers.

21. A structural laminate member according to claim 20, wherein said elastomer has a
modulus elasticity greater than or equal to about 275 MPa.

20 22. A structural laminate member according to any one of the preceding claims wherein

said elastomer has tensile and compressive strengths of at least 2 MPa.

23. A structural laminate member according to any one of the preceding claims wherein
said elastomer has a bond strength to said metal layers of at least 1 MPa.

25
24. A structural laminate member according to any ome of the preceding claims wherein

said elastomer is compact

25. A structural laminate member according to any one of the preceding claims wherein

30 said first and second metal layers are spaced apart by about 20 to about 250 mm.

S —_—
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Freerer reerer 1l 1111111 * CL MS 26. A structural | am nate nenber

according _to any one of the preceding clainms wherein | ' and second

net al Iay&ps"”éﬁ%ﬁ has a thickness in the range of fromi’ggﬂmp'i/@i% to about

25 mm 5 27. A structural 1am nate menber according.to any_one of the

precedi ng clains wherein the rati o ¢f-the t [ ss of the first and

second netal |ayers to the thickness of theﬂ"ﬂ!’jﬂ‘ﬂ! Mﬂt/er Is in the

range of fromO.1 to 2.5. 10 28. A structurals ! }r constructed

" substantially as hereinbefore described wth reference to the acconpanying

drawings. 29. A maritinme or civil engineering structure or vessel including

at | east one structural |am nate nenber according to any one of the

© precedi Ngecl aigGryckPal nindle HRIbOaObr iR By GneT kitGirbleding LRIV Sei B TDET
conprising the steps of: providing first and second Iayérs In a spaced

apart relsatlifionshd peond dmetal layeragaginhas|ayphicknesvintherapgegfftonbahay 28tal | ayers

| ocat ed ig a.core cavity defined between the two plates, said form

partial |y ?‘?tlzginl"@' said core cavity; 20 casting an uncured el astonmer into

sai dscore cavity; and curing said elastoner so that it adheres to said

metal layers. 31. A nethod according .to claim3Q,, wherein additjonal |oad
bearing 1#ét alﬁi%’”ﬁ'é‘ﬁ'ggj”é‘m%%“%&’sﬁ gHed° Bt e FhaRiECe BTERTER wi th,
sai d firshe AR of 8=Qhdl thitkBsss SEVhE HER ind LBonddmetdl 15316 dhehicc®helk Bt O Cl ai m 30
or 31 wherein said formis nade of foam _ preferably pol yurethane (PU)

foam 33.intarmesigtolyerdeisrthe mese o amPrhtad3- 31 or 32 wherein additional | oad

bearing netallic 30 nenbers are integrally cast with said form This Sheet

Has Been Replaced 11111111111111 11112111 111 WD 01/ 32414 PCT/ GB00/ 04148
10 28. A structural laminate member constructed substantially as hereinbefore described

with reference to the accompanying drawings.

29. A maritime or civil engineering structure or vessel including at least one structural

laminate member according to any one of the preceding claims.

15
30. A method of making a structural laminate member comprising the steps of:
providing first and second layers in a spaced apart relationship with a form partly
in contact with both metal layers located in a core cavity defined between the two plates,
said form partially filling said core cavity;
20 casting an uncured elastomer into said core cavity; and
curing said elastomer so that it adheres to said metal layers.
31. A method according to claim 30, wherein additional load bearing metallic members
are positioned between, but not in contact with, said first and second inner surfaces.
25
32. A method according to claim 30 or 31 wherein said form is made of foam,
preferably polyurethane (PU) foam.
33. A method according to claim 30, 31 or 32 wherein additional load bearing metallic
30 members are integrally cast with said form.
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Il 1111 mertallic members are integrally cast with said elastomer.

35. A method according to any one of claims 30 to 34, wherein the elastomer, when

5 cured, has a modulus of elasticity, E, greater than or equal to about 250 MPa and a ductility

exceeding that of the metal layers.

36. A method of making a structural laminate member substantially as hereinbefore

described with reference to the accompanying figures.

10

37. A method of joining a structural laminate member to another member substantially

as hereinbefore described with reference to the accompanying figures.
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