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the outer netal layers and filling the space between them ot her than that
occupied by the form The form nmay be foamand may be in partial contact
with the nmetal layers. 4 May 2004 WD 01/ 32414 PCT/ GB00O/ 04198 COWPCSI TE
STRUCTURAL LAM NATE PLATE CONSTRUCTI ON

COMPOSITE STRUCTURAL LAMINATE PLATE CONSTRUCTION

The present invention relates to a composite structural laminate sandwich plate

constructions and particularly to such constructions that are suitable for building both
5 maritime and civil structures or components in which the traditional method of
construction uses stiffened steel or metal plates.

In applications such as ship hulls or bridge decks, the steel plates forming such
constructions are generally stiffened to increase stiffness and strength by preventing
localised plate buckling. The stiffeners may be comprised of plates, cold formed or rolled

< 10 sections that are welded orthogonally to the main load bearing plate. These are generally
equally spaced and may be oriented in one or two directions that are aligned with the pla..n
dimensions of the main plate. The number, size, location and type are dependent on the
application and the forces that must be carried by the structure. The use of stiffeners
requires welding, complicates the manufacturing process and adds weight. Stiffeners, their
15 connection to the main plate or intersection with other main framing members are often
the source of fatigue and corrosion problems. Complex and congested structures that result
from combining stiffened plates are often difficult to maintain and to provide adequate
corrosion protection.
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-
steel sandwich was investigated for use in hulls in ships. It was concluded that this type of
25 sandwich construction was unsuitable as it did not have sufficient bond strength 1o provide
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 between and adhered to the inner surfaces of first and second metal layers.
30

The present invention provides a structural laminate member comprising:
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problems for dissimilar metals. Furthermore, by providing a hollow form, internal

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 yolumes 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. It is
anticipated that sufficient bond area berween the elastomer and the metal plates be provide

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

-/_;_(,a:x\

said form partially filling said core cavity;
casting an uncured elastomer into said core cavity; and

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

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

assembled easily within the required dimensional accuracy.

Exzemplary embodiments of the invention will be described below with reference to
the accompanying drawings, in which:
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layer 20 and a second outer layer 2. The form 10 may be in part contact with the outer

layers 1 and 2 at areas marked 15. The intermediate layer 20 is bonded to each of the first
15 and second outer layers 1 and 2 with sufficient strength to transfer shear loads between the
outer layers so as to form a composite structural member capable of bearing loads
significantly greater than self-weight.
The precise load 1o 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

o,

120 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.



5 10 Figure 1 is a lateral cross-sectional schematic di agrar;@[g%ygo@prrposite
structural lam nate construction according to the invention show ng

sever al dwg LSy forms; Figure 2 is a longitudinal cros$gsraeidag Of the
sanme conposite structural lamnate construction according to the present
invention; Figure 3 is a cross-sectiopal view of a second enbodi nrent of the
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invention with a curved section; and Figure 5 is a cross-sectional view of
a fourth enbodi nent of the invention. |In the figures, like parts are
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15 between single outer layers. Other embodiments would replace the forms with other

materials like wood and light gauge cold formed steel boxes. These forms would perform
the same functions and would have similar attributes to those previously described for the
forms 10. These forms may also increased shear and 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.
Alrernatively, 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 is a
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 berween the first inside surface 4 and the
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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
minima.
Figure 5 shows a further embodimenr 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
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the present invention in which shear plates 60 extend between the first

and secomtldalleer | ayers 1 and 2. The shear plates 60 nay be
15 The metal layers 1, 2 may be different metals which provide different functions.

Examples are mild steel for strength at low cost, stainless steel for strength and resistance to
chemical attack and atuminium for lightweight, 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 thethermal 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.



solid or perforated with punched holes 61 as illustrated ingfhgusgasd, to
allow free flow of 30 the injected internediate |ayer 20 and af‘ter curing
to increase the | oad (nmechanical 4 May 2004 WO 01/ 32414 PCT/ GB00O/ 04198 7

i nterl ock) Wot@ddA the internediate |ayer 20 and the sheBFT/GBHW04Y860.
Perforated plates provide stiffer nenbers, reduced sl enderness and reduced
wei ght of conponent. Preferably the shear plates 60 are | ocated adjacent
fromsub-sections 11 as illustrated in Figure 5. Those sub-sections 11
preferably extend for substantially all the length of the 5 nenber so that
the internediate layer forns a plurality of spaced apart elongate ribs and
the shear plates 60 are bonded to one of those elongate ribs. Shear is
transferred toAa&elonSHa@ﬁrepiemisésrhsmembarﬂsh@bé)madiir(esaﬂhfbiildltngauwumch,ani cal)

to provide the require flex stiffness. tal |ayers 2 are
pr ef er abl &ﬂc&dﬁﬁ]é%t&‘i‘ea‘leng]teéréim@ BT g ?Fa‘?usél § %‘“‘mi‘b"%ﬁ%ﬁﬁ’ﬁ ium
stainl ess gl.66hn gau% Bftrostitiyitdhidlan @B N Satifly SRS stedl mk&&a& i pRs where

[ ght ness, ‘corroston resistance, I nertness or ot her SpeCI £r opert les are
essent i al forftd dmtomter shsubchysralyaeadiyisybleas bode sed mndrrash yna'elr dudiftlengt h of

240 MPa and an el ongat i,on of e 09 r | cations,

espedi al | {#¢ 5156%3198?‘% ﬂ?agk%rsnsné%%ﬂ ﬁf’[ﬁég‘l reﬁ“ﬁ/r@?é)'? wel dabl e. 15
The netal |ayetge élasré’ma&ﬁexhﬁraesiemme,néonﬁp&tsaa Spoliol ¢ bguste&eorqjoﬂ;fearee)nt
functions. Exanples _are mld steel for en t a@f cost., stainless

steel for togethengtth AR Rt ST R AL L - Ettlers 358 um f or
|1 ghtviel 9t BQOf SIdLERGS eadfitns HERAI(ATRE: S eh&leh £ 1R Ehast omer at

the IovvesPro arat ing tenperature nust be greater than t e netal
l“ayers, whk ech;t sl ethewtise208trolahp phyfsenl muparakuef thoelastdmerd Euruhbn adﬁxtwks,t he 20

elastorrer at | owes atin erature. is 5Q0% The .t ef ficient
of “tHo o) seBaRroHEroRhoLs Y g ERT PRI ARy TR T HHe steel S0
that tenperaturge Yéd 8 idinRehabse lher m@em@go@a@fpaﬁ)mnmwe,mm@ during
wel di ng, does not cause deli mtatlon The extent by  which the thernmal

coef fi ci emthereshe foran 1wndateanpdizts ayarnz%mqemls WeIeFPQiﬁ%;é%Whﬁ'eﬁh? weldmst he

| ast t f.th |
coor 11 of el s28 Al MLl Pk ARGl M FFANELTBORAE TS O
| ayers. The aﬁﬁhﬁbﬁﬂ&‘b@ﬂiﬁd olfieat tapnaigd betveeqnahs plares mad/it bmsidentesiaidted iy t he

ition of fillers to the el
additlo Snvuonmegt resxstgntflséxtra additives may be required for exposed matertals to
enhance fire resistance.

The ratio of the total thickness of the outer layers to the thickness of the elastomer,
(T, + T,) / T,, generally is in the range of from 0.1 to 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 analogots 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



The bond strength between the el astomer and netal |ayers shguhd, B2t | east
1 MPa, preferably 6 MPa over the entire operating terrperature range. This
i's preferabl é?achl eved by the inherent adhesiveness of 312@?? b oner to
steel butVAEYPH onal adhesives may be 30 provided. 4 VY 01/ 32414
PCT/ GB00O/ 04198 -S Additional requi regents If the nenber is to be used in a
ship building application, include t'hat the tensile strength across the
interface nust be sufficient to withstand expected negative hydrostatic
pressure and del am nating forces fromsteel connections. The form and

el astomer nust be hydrolytically stable to both sea and fresh water and if
the 5 nenber is to be used i n ap,oil fanker

¢ t
L0, . bibeesliasuuirer PHEr eTS R e T

pol yester, or Wik NTRO S &a&aicaxﬂrla@ﬁtelsocyanate
chai n exfbé*r?d'gﬁ and fﬂ) Fl ‘Tcerrs are cpr%\%l ded as necessary, to reduce

the ther ggﬂa@aﬂﬂb@deﬂto@ atlh'genrlad!m mapmrepquags@r alopg theedgesiof loaghst and

ot herwi se contro) Sic roperties of er
addi t i vedisspang. eb%ﬂﬁl%éﬁf“r“&l “ﬁ‘{;‘tﬂg ‘F]%‘eréi’?‘i/ %ﬁé@%ﬁ%ﬁ%m @Eﬂ{be
r et ar dant Sss %#a&fgﬁndtﬁﬁb@%%ueéhﬁsform 10 and internediate | ayer 20 may
be € posga op or enclosed. In cases  where the fgéurp 10.and internediate

| ayer 20 nat eThapsfeared H@Wﬁéﬂbfﬁﬁ@%é@@aﬁ”fé“ﬂ}éqrdﬁ? § © WEAYEPURY or even
elimnated al togeté%et?ﬁ leﬁseir{r&d%sgh%dla eldﬁ%h%ﬂﬁdhe%ﬁix 10UR¥bEe the

addltlon&‘itOrPé‘EfH aci twee lates and it nust be
resi Stan%eﬁmﬁéeﬁﬂﬁﬁv@lmvslrmmahﬁtcoﬁtectgmh/hbeewoéaymtlﬁ Igshis wapdle ti ves nay be

requi red for exposed terla nhance re, resis i o of
t"*-hg t ot alsenamtl@n%éé%f} tHPe i 16@1%’&38]38@’& cng'E)S‘ %feq“?n ¥ n%@gf %efel‘fsﬂem eré'i%gst omer,
E)cj’ efTZ }geblﬁterme&&@?@@} ﬁo&s ba%t bpm jebRd (RA d@fmdere prosfhrd) directl: inro thee el ast oner

_|

as entrained air of |ess thgn g@egt 25% by
voI ume. 2Qn£ﬂ@drlo|ﬁgﬁ caet)gforlﬁcdrb)cﬁsm’ﬁt) imeetad layew rwdiZawt peapsE B dke (% ons,

be appl i ed t t he ?)ﬁgo?(gﬁ'lt e Ste ngjzﬁ%gjldjl]%x&;l& &HEHE—COB%&%I@ or

after faBP1g |%‘Fi‘18’fay er coatings nmay al so be provided to

prot ect ;Fﬂ?é&gls ShiasdufirRnt stﬁgr_bnfe okt the platdsén phesbmingithyiejrriompiosess
substanti y stronger and stiffer than a nenber with the sane total
t hi cknesmnfthmhabmﬁh’éﬁuﬁi%n CUft-er medi ate | ayer. This iis 25 because the

menber acts ip an. analogR kR A REy bOhdd RON M5 aist dlasRRAR k!, Br t he
even vertical, though the hydrostatic head of the elastomer during casting should not be
excessive and the flow of the displaced 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
f \ 20 necessary to leave a sufficient weld margin around the edges to ensure that elastomer and its
bond to 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 berween 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 1s to be used as a hull plate in a double-hull ship, the injection ports



intermedi ate layer performing the function of the web(s). Tq@gyﬁmtion
the internediate |layer itself and the bonds to the outer |ayers nust be

sufficien ng to transfer the forces that will arj i e of the
menber . A%%?@%@? advant age of the present invention, ochgg;rBP'ln((’:"g ar benefit

in ship building 30 and bridge applications, is that the internedi ate
| ayer acts to prevent crack propagatiéh 4 May 2004 WO 01/ 32414
PCT/ GB0104148 9 between the inner and outer |ayer. The elasticity of the
internediate | ayer helps to prevent the propagation or growth of existing
cracks. The conposite structural |amnate construction bends through a
| arger radius at support points or along the edges of |oads, dissipating
t he bendiargidstlfasuired s¢ esgodask th interhulbgarasponthian gheser exseargoopasenilbat i ons and
[
e

the 5 possibi.lity of t forpmt.ion_ of fati ks, The.preferred nmethod
of fabri cRFHY Elgrfsaarﬁe héag?g %“écgéé‘?c 3%%% o Shgg{é%h{:ﬁﬁﬁ CAVen ?’%ﬁes’ tifhgt Cta%g‘f)osi tion
the two nBbahd bRMRESasting. [jectiofi pAE eehniag Poits fral bt biompledidlds drilied fres thelO

di sposed ~ between the_two layers 1,2 and in cqontact with the twy | ayers
1,2. In tmﬁslwlatﬁﬁeThfsséﬁ’éV&ﬁPgﬁs%édtvﬁ malzﬁa@s ¥ areflushor made Bysht he

di mensi on he f PSS akasH QOB dnbGe Lk ELIRR | r 20 is
cast r‘aor iwn%g%eelgetflgéér?eé%flgngsnder pres%elf?é%gng‘irre&*:y in?ﬁﬁtkﬁgﬁdreg%gi nder of
the cavi tiparbfiflnke Haygdivmeictaharametisiics taypatbleiwgntheZnaidtlayecscupi ed by the form

10. The form .be bonded to the steel plate i t h,bondi.ng agents of
el astic- coma%l%eWBﬁﬁsd?“‘Wﬁf ﬁ:"soé’ﬁff’ﬁdcpfi’ §?ﬁ‘§¢s¥¥r‘e’éﬁﬂ‘tﬂﬁ°§ IBEE%BYl Y‘”ﬁ%‘“ﬁl at es

in place aggyaagpxtekkﬁré Whiek kiigh cﬁs@e@asngzwmtdnlevetnqﬂate&a&u@ﬁerIjHesnjgc%hi ciently
i{trr}ed. 15 ring casting the plates 1,2 may be held at an incljne to assist
| ast omercah hlyabe oarried gutrisipgrules ghat axevrthssavmeragyrsn el atthe carsadllst t he

el ast,omer duri C } L S| £ he
di sébaced air’s 51?%%%3‘%%%?#‘% se ?EQ{I%EO{) agﬁéﬁ%’? giagggggte& |\>I<¥3§£t|'%hpl ace
in the stwhtcheelastamer fdskcbmrettipiatihered trsthe mexal fayesi {This cTobedersiwinge! di ng of

t he nenber, to ot her nenbers,or to an existing structure, is as 20 necessary
to | eave HUSHPP EYWWE“IY&E%Q&F% around the edges to ensure that el astoner

and its bond ooree\:gﬁdéﬁa%ﬁd menBER, G ietHRQlastd AR BAChoR YrdpeLy bdiatedthevel di ng.
The wi dth of the | d marﬁln wi || depend on the heat resistance of the

el ast onerdazmged figionof thermet! pifinisqgaren {coldsar) asdlagneisut andue dlastepeis cx®r M | f
the 1?' as tg%@erd éu%, e(?ga} %Em;? aeggt\ﬁgrbrtpqgsmﬂjisgﬁ Siter mgﬁaghgpumﬂ good elastomer is
exposed and a weld margin is created. The exposed surface of the remaining elastomer

must be sufficiently 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.



‘margin will need to be defined by el ongate renmpvabl e or cas%gkpﬁ&b?c
. spacers. 25 The nunber of injection and venting ports requi depend
- on the availabl e equiprent for -punpi-hly t-he conponents of the el astoner to
provide-nininuntsplash (ideally splash free), the volune, -orientation and
shape to be filled, the optinmum'| @CAAGM S to evacuate air (ensurance of no
_voids) and the gel time of the elastonmer. The injection and venting ports .
Shoul d be- situated_ in approprlate pl aces for the use to which the nenber “is

-.to ~0 put s th iS,;t0 be used as a hull plate in a double-hull

"_shl p, the-irj ec‘%‘mﬁ“q&% ns\’rE501/ 32414 PCT/ GBOO/ 04198 10 are

-ideal'ly-sui tﬁﬂmsmeeﬂli}%rbﬂﬁﬁ Ta@st'n?ﬁé? dayid sat(ttgr the sea or
ealalny gui c i'scon

'cargo space: The injéction ports are ect ports,
pos3i bly wi t#seonmd meegal Vagier baving b adcond inree suficund aQEdond ot sedsde] 1tk

: 'Injectronadv i n orts si np holes drilled into the’ rret‘al -

: -face pI ‘P zaé(ﬁgﬁ‘gﬁ ‘ggf’%ﬁp mﬁaéla}'pl‘;ugs that areé flush or

. made flush 5a¥8 {‘g%l I S rteddn-i'njection or
venting ports s rbht?tcgﬁglg@ %?%& a%gts Ilg'tl ‘§ﬁ | vani c' : '

char acteri stmmt&mﬁu:ldyﬁr mmbnéeb%fﬁﬁfeﬁktmﬂeﬂ&fa&d J'ﬂﬁe%’i&.ﬁ : % CESS
out - any .

‘nmust be m)nléored to ensure even filling of the-cavit yack
.-pressurgf‘"x’irlf’ﬁ1 secRPg panes mmﬁ%gwébﬁtsudefvanapﬂadhere&ttmdﬁscaﬂ&te '
injRFti o, % be carried out using tubes that are-w thdrawn :
progressrve y ass'tl favity fills. 10 After manufacture and during the-life .

..of the lamnate, it may be necessary t:o verify that- the. el astoner has .

f~-co{rectly adhered to the netal layers. This can be done using -ultrasound"

b ‘gammé- r ay 4 scumwglbeointe memlstir ncatadinged chibmtidnsyhick thcfﬁrktrmd&b&ﬁid)rrer has

O P OAG A S B RTRISE el A LIS T AL B L gazane (ool

-1 out er- ngﬂ&&ﬁhﬁdeﬁﬁddﬁ‘@trﬁ&al(ﬂwo bl ast i ng) until good el astoner is. . .
exposed and a-wel d margin .i s created. .The exposed surface of the remaining

‘el at¥oher * nust be suffici ently dean for new el astoner; cast insitu, to

- adhere. ,The ese t vent |- on been. desc |bed abo atlon to both
rr.ar'i't-i,ne3'and T’é’ﬁ‘é‘l“ ? %‘mﬂr% &‘f apaslei cabl e

“to thoseyprbfar ms‘ﬂlgpbfhﬂ,agg&w,g pl ane and transver se Ioads are. expect ed,
- wher e i npact’ 1 oads™ need .to. be resi sted, where increased - fatigue resistance
"or vvhere reS| stance to crack propagatl on is deS| rapl e -4 I\/ay 2004 '

LA A structural lammate member accordmg to claim 3 wherein said sub-secuons are’
20 elongate '

N 5. A structural laminate member accordmg to cla1m 3or 4 wherem said plurahty of
SR sub—secuous are mterconnected byi mterconnectors '

25 - 6. Astructural lammal:e member accordmg to clau:n 3,40r5 wherem said subscctxons

, include ahgnment dxmples which protrude from the surfaces of sald sub—secttons to contact
w1th said first or second inner surfaces

7. A stmctural laminate member according to any oxie of claims 3 to'6 wherem said

30 sub-sections are hollow. e

- AMENDED SHEET



- first and .10 second inner surfaces.

r. -11- CLAINB 1. A structural Ianrnate member conpri singy N%J dﬁﬂ nmet al
| ayer having 'a first inner surface and a first outer surface a second

met® | ayer having a second inner surfgge and a second outer. -surface, .the
second netal layer being spaced apart fronrsald first metal |ayer, a form

o e e Al itk S SO Uhd BE SR B e T 1

.and sec seanions oétlreffaﬁﬂ&remta]l(thewjlesh Py said formand adhered to said. -
' A'structural |am nate’ -nmenber
according; to claim-1.. in which the f| rst ‘and second .:netal . layers are' .

*.bonded tggethgr e in errrerate asto a wi t.hout - Idlng -
A. _struct uralg am%’(m%@% %r‘f& &E@abﬁgg‘dw cluogsol
pl-ur &l i tgheoﬁorms#@n&emtﬁp&nﬁ? 4’c@‘ger connected by ihter connect ors. 6. A :

structural lam nate nember according to claim3, 4 of 5 wherei'n said

Subsections include alignment dinples which prot rude:from the surfaces of

" sai d subj ect*\ons to ont act &th saig first or second i nner ‘surfaces. 7.
m

. A struct E)thi\W Qm@ f ghairas 4ro®, wherein'the wher ei n
© said  30eghs E%EI i %%{%&s&@gcﬂ% et her %g | ntg dlr atre
- metal. plates;” 3. - A structural m P m 1 or 2

~wherein m:doﬁmcmrss made up of a pl urallty of sub sectlons 4, .. K :
. strugfural |am nate menber according-to claim3 wherei n sai d sub- sections
-are el ongate. . AMENDED SHEET. 4 May 2004 A- .8. . A struct uraI I am nat e

. menber . aggor dig W Lo 7 wherein the -secti.ohs of

. -the formare nb? all the samfeH g%e?b%r@n%% a’%yr%%et%tgf feﬁﬁjﬂﬁ nber '

"-accor di ngherein hplurality afdofinseered stbtsthﬁnﬂl;ybdbmeﬂeﬂgﬁ obdaid member 50 that said
mtermemate layer forms a plurahty of spacedapart elongate nbs ‘

150 120 A strucrural lammate member accordmg to any one of the precedmg clalms further

' compnsmg at least one shear plate genera]iy perpendxwlar to said first and second layers
* and extendmg thetebetween and bonded to smd mtermedlate layer.

- 13, A structural lammase member accordmg to clmm 12 wherem s:ud at least one sbeo.r
20 plate has. through holec

14, A structural lammate member acoordmg to any one of tbe precedmg claums,
- wherem said form is made of foa.m, preferably polyureth:me U?U) foam.

25 .15, A structural lammate member accordmg 10 any one of clalms 1 to 14, wherein said
'  form i is made of polypropylene '

16. A structural lammaxe member according to any one of the precedtng claims wherem -

o said’ form isin parual contact with at least one of said first and metal layers.
30 0 . e
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" according to_any one of the pre

; ._a_ccordl n to any gne of clains 1

5 the formare not all uniformy spaced. 10. A structural g@e a% menber
according to any one of clains 4 to 9, wherein the cross-s G/ area of
sai d—-sub-sections is greater than the g oss-sectional area of said
‘interconnector.s. 10 11. A structural I nate riember according to any one
- of the precedipng cl ai V\/nerena ality of forms ext end substanti ally
all: the Iengtﬁ‘&f“%%'?gf 'i?aﬂinﬂnéP mwdm.g&kemmm a
THEE s Sve AR A Y o e v T
one shearmﬁfd%)@r general | y perpendi cular to said first and second Iayers o
~and ext endi ng t herebetween and bonded to said internedi ate | ayer. '13." A -
structural .1 am nate. nenber- accordl ng to clairm 12, wher ei n sal d at |east
~one sheargg; 20-4 PE EQ hoI es 14. A'stru tur al,, .nat e menber,
‘according to any one o prece NiicH r‘b‘PﬁF‘?T%nY"%fért %ﬁnﬁn refde- of -
. foam . pr ehereant straighnpatiataRoidng shd fd}ﬁ{‘?roﬁ)ﬁ:h&ﬁm’%ﬂu}g%%rtﬁb 4B figleg member

erel n sal formrTs

" pol ypr op andsgd spaighy pnsbmrab"uhseammhy penpendioratwoaiddlritant eecond Mﬂ Of the
© precedi n g‘?l ns wherein said formis in partial contact with. at |east
~one of -sal. Trst and netal Iayers .2 AMENDED SHEET 4 May 2004 -13 17. A
_'structural | ami nat e menber.. accordi hg t.0 any one of the preceding cl & ms -
wherein there are continuous paths avoi di ng said formfromthe first

" nnerl(;ll aybﬁl o&mcgeddmamf o md?ngwmmﬁé 6ﬂﬂielpﬁs’ﬂed1h§&|aﬁﬁﬁh&%lr?3er

- .accordi g onq. of. t reced; cl.ai ns erein there are straight
paths- avo?‘gﬁng&gél g%%%ﬂ'} P?‘gﬁ’fﬂ?ﬁﬁ@bﬁm but gotyweldeslteosd firsher -

_Rayer andasdiedond lritieB Rirfal 'hs are substant iall y per pendl cul ar to said. fi rst

.-and second met aI .. Iayers - ,

o 20. AstmcturallammatememberacoordmgtoclmmE wheremsmddastomerls. '
: 15 adheredto said addmonal members _ '

. Con, Astructurallammz,temember aecordmgto weeoxd.mgto anyonc oftbe precedmg
L claims wherem said elastomer has a modulus of elastlcu:y, E, greater than or equal to about.

R "ZSONﬂ)amdaduadxryexceedmgthatofthemetallayers
R :

- 22, A structural laminate member aceordmg to clmm 21, wberem saxd elastomer hasa
- : modulus ela.suqty greater than or equal to about 275MPa,
ST 23. A strud:ural lamma.te member aecordmg to any one of the preoedmg clmms Wherem
. ‘_j?.S_ said elastomcr hias tensile and cempresswe strengths of at Ieust 2 MPi.
’ 24, - A strucmral lammate membe accordmg to any one of the precedmg cl:mns wherem |
N said elasl:omer has 4 bond strength to said ‘metal layers of at least 1 MPa. -
S0 Azs.._'

A structural laminate member aocordmg to any one of thie premd.mg cl:mm wherein

_ sald elastomer is compact.,

- AMENDED SHEET




‘and second inner surfaces:: additional |oad beari ng netal li g g%)oe‘ are
| ocat ed between, but not welded to, said first 0 19. A stru M"%ani nat e
mener accordlng to any one of the preceding clains wherein 15 . adhered to

sai d additional nenbers. 20. ' A strud‘h’r al laninate nmenmber according to
-claim19,,wherein sai.d €] astorrer is 21, A structural 1am nate nenber
- accor di A t ot FtRsRigliymiog rdh%qomayedeabhept@edmgdhmhhr&ﬁl d -

el ast OBk, AH StIC t at t h n o equal to about
. 250 MPa’ ang Sagnctl H“??/ﬂe%;l((l:a? egs[’taﬁ%{ &F“’tqf}fg’ 0P 3pgtASQ mmoo. . A

. structural |lamnate rrenber accord| ng to-claim21; V\:hEI‘EI n.. said el astoner .

has a:. 23, A structural | ani nate nmenber according-to anyone of the
pr ec.edi n t:I a' apsmemiber zﬂcanhmmanljrmebédﬁllira;e&n chﬁﬂpﬁﬁgﬁinve '
streng no s el asticity greater. an or equal to'
abotit” 27 %ﬁ&?" Eﬁemeg?hﬂ ie%ﬁ&r%cﬁ AP MZM one of
. the preceﬁbﬁm&ﬁxﬁiﬁs V\/nerel n -said el astomer has a-bond strength to-said.
‘met'al layers of at least 1 MPa: ' 30 25, A structural |aninate nmenber -
- accor di. ng tb any one of the precedi ng clains wherein said elastoner js.
.compact . NDED ? ET 4 2004 2Db. A structural | am nat e nenber
accor di n @h&preemlingcﬂdimtwlamin o

" second W%ahti@yﬁhgt&sﬁ abo 2 to abopt 7. -A
“structural |am nate nember acco mg%%l 1‘%‘8‘5 gﬁéﬂ%‘a Qi ns

wher dfn gt@m@mlnmmdhewgadfﬁahﬂd)lwlgrs each has a thi ckness i'n the .

- range. of.fromabout 2.0 to about 25 nm . 28. A structural |anmipate .
~ mrenber .according to any one of the precedlng clalnB mhereln the ratio of ...
- .the -t ot al' 29.hi cknassuefl hiGads pel Q fi rgg% | a kness .

of the 10 intermedi ate Iayerche;&lll). r]:g':'%tg&ransg‘fe %QPP' tbf%’ 2:9. A

* Structura ﬁfemtqmmmg eﬂ:gs.ubst antially as her ei nbef ore
described . with reference to the" acconpanyi ng drawi ngs. 15 30. Amaritine
or ckvil.’ eng| neering structure or. vessél incl.uding at |east one structural

- 1_5 " 30. . A maritime or civil engineering structure orvesselmcludmgatlmst one structural
lammaxc mcmber accordmg to any one of the prcwdmg clauns.

o .13'1. A method of makmg a structuml laminate member comprising the steps of
..~ providing first and second layers in a spaced apa:t relauonshxp mth 2 form pardy
N 20 | . in contact with both metal layers located in a core camty d.eﬁned between thc two platee,
-said form pamally filling said core cavity; _
mstmg an uncured elastomer into saxd core mwty, and

-+ curing said elastomcr so that jt adhem to said mctal la.?ers

S

25 32 A mcthod accordmg to claim 31, wherein additional load beanng metaltic members -
o are posmoned between, but not in contact with, said first and second inner surfaces -

.33 A mcthod aocordmg to claim 31 or 32 wherem saxd form is ma.de of foam, -

L ' prefembly polyurcthane (PU) foam,
- 30. . r

3, A mcthod accord.mg to cl:um 31 32 or 33 whcrem addmonal load beanng metalhc
members are mtegrally cast with said form. -
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| ami nate nenber according to any one of the preceding clai r’rﬁ A met hod
of making a structural |am nate nmenber conprising the steps Aovi di ng
fast _and second | ayers in a spaced apart relationship-with a form partly-.
20 i.n.contact with both netal |ayers | opated.in a core cavity ‘def i ned

- bet ween tEe t\/\grpl iteﬁ\s - said form part| ally filling said core cavity;
~casting a S4ncérreet aabﬂdmgtdﬂhﬁlg ARS nd Ling said
el ast oni eli‘}é‘(ﬂét hat ,it adheres to safi Jr%ﬁ%?"éad%g nall%ag t hod' -
~accor di ng camhmrhéladm& beari.ng met-al l.ic menber s
“are positioned between but not "in contact with, said first anf 'second .
“inner surfaces. 30 33. A nethod according to ckaim 31 or 32 wherei.n said

formis ndfe oﬁmm&ao@&-@h kERAY o am . 34.. Anethod
~according to algm , 32 og 33 metsr)ée%/&n{“%ﬁgfﬁ %ﬁ(ﬁa‘flﬁef %%aé‘t"% Vel | i-c
*menbers - af® @ﬁf?‘é 2Ry asmtmEsgtedwfﬂ{amOt@&@'% ‘
.- 35 A net Qg@ﬁg :ng} E‘éail m 31, 32, 33 or "34 @?gﬁhgéggﬁﬁ t?j“tp'oad
beari ng netal T‘ﬁfegrally cast with sai d el astomer 36. nethod
- according to any one of cl ai nmns.31 to 35 wherein the ‘el astoner, when cur ed,
‘has .a nodi us o el asUmti E. greater than or equal to about 250 N( Pa- and .

“a ductilit ée@aﬂmqu atthﬂ:tmﬂﬂimda WL g%,m i bed Wit h
ref erence Jﬂ%ﬂ)@@vﬁ% figures 37. 'ﬁbﬁh%[l ] os'm ﬁ"d"ﬁgg’f’%ct ur al
| am nat e. er su leasCoppasyingdizores. .described with. reference to

* the-adBonpanyi ng fi gur es 38 A method of joining-a structural |amnate .
menber to gnot her ‘menber substantially-as. herei nbefore descrl bed wi t h

e E erence ¥o.t Kemgthasmf joiningp M@ﬂ&dﬂmﬂﬁﬁ%'ﬂggﬁhﬂ member substannally
e - as herembefore descnbed with reference to the amompmmg ﬁgures '
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