| MPROVED STRUCTURAL SANDW CH PLATE MEMBERS The present invention relates to
structural sandw ch plate nenbers which conprise two outer plates and a
core of piexveew7as pol yner material bonded to the out ercplcs0es/0videh
sufficient strength to substantially contribute to the structural strength
of the menber. Structural sandw ch plate nenbers are described in US
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with an internedi ate el astonmer core, e.g. of unfoaned pol yuret hane. These
sandwi ch pl ate systens nay be used in many forns of construction to repl ace

stiffened steel Ehﬁkﬁw@ﬁﬁ%m%ﬁ}ﬁﬁiw%ﬂﬁWﬁﬁﬁgrete or

conposite steel - ructures greatly sSinplify € resultant
structures,  inproving strength and structural performance (e.g. stiffness,

danpi ng characteristics) while saving ight. Further deve|opnents of these
structural sahBWPEHRHINYERAIGRIRRISS L %ﬁ"é“’d\,\géﬂqt“ﬂ%&f‘ﬁ ERReLy ?E‘&liﬂ?m&ll%o

i ncor gor g} Lok e RbYandh dogf S [BNEEs orolydas Sl hRfLSNRAR) the JudRMkQIWE OF
inserts may be incorporated in the core |ayer to reduce weight and -

t r ansver sefigierttatrengitie tor subbtantindy renribese taithe dirperuiahprapgth oftthe mebst:  Accor di ng
to the teachi g?éctgr];lvé@n vgri/cl;lg Eﬁ&%nérﬁ@ex% Qr%@eicg{g)g%s inG3) 5,19 ?8,?! 3t J?l%gjéﬁ'@,bi gof

solid. Hollow forns generate a greater wel reducti’on and are theftefore
advant agehith dodiigedtorraberdbsitcodpechtddrbyt hietendgaudeompaseounatmadnd.g¢. wed, t o

bei ng made of || ght ight foam materi.al and can al so _be ke of, ot her

mat or ar Brtenerndsd Nesttr: Sihap SRP S AR Ber TS AP RERT S ol | ow

pl astipc gRARLARIwidh ﬂiﬁ@‘é%td%tthﬁﬂb&jsemﬂﬁi@%%é Blcohbtiuttiot k@kephaa chiffeabd pl at e
t

menbers is to weld bars around the perineter of a first netal plate and
t hen wel greed plagasofeamerbites] Plfest EinfRscedrOnBisFesO T COIINGPIR et ToREYe SAAS The

plastics, - i [ 1 nj i i gh
i ot | o PR IR fhduRlscfrul e Bl E el dnd MO REN AVOHIERTC 1
f or m t he (eqxp efGrshs, dapping khardduéristios whidsavagyenght.aFigthe geveldrandnty of thesd can be

CERECINE TN S
15 by reference. As described therein, foam forms or inserts may be incorporated in the core
layer to reduce weight and transverse metal shear plates may be added to improve stiffness.

According to the teachings of WO 01 /32414 the foam formsv can be either hollow or
solid. Hollow forms generate a greater weight reduction and are therefore advantageous. The
forms described in that document are not confined to being made of light weight foam

20 material and can also be make of other materials such as wood or steel boxes, plastic extruded
shapes and hollow plastic spheres.

A known method of manufacturing structural sandwich plate members is to weld bars
around the perimeter of a first metal plate and then weld a second metal plate to the bars to
form a closed cavity. The plastics or polymer material is then injected into the cavity through

25 injection ports provided in one of the steel plates and sets or cures to form the composite
panel. This method is generally satisfactory and can be used efficiently in factory conditions
to produce structural sandwich plate members in large numbers. However, it has been
experienced that using this method, particularly with thin metal plates, e.g. of 2mm ot less, to
form quite large panels, e.g. of about 1m by 2m, the panels are undesirably distorted.

30

It is an aim of the present invention to provide structural sandwich plate members that

have reduced distortion and a2 method of manufacturing such plate members.



experienced that using this nethod, particularly with thin netal plates,
e.g. of 2mmor less, to formquite |arge panels, e.g. of about Imby 2m
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perimeter members between said first and second outer plates to form a cavity;

15 sealant strips or gaskets between said perimeter members and said first and second
outer plates and |

a core of plastics ot polymer material in said cavity and bonded to said outer plates
with sufficient strength to transfer shear forces therebetween.

The second aspect of the inveﬁtion also provides a method of manufacturing a

20  structural sandwich plate member, the method comprising:

_ forming a closed cavity with first and second outer plates and perimeter members,
sealant strips or gaskets being provided between said outer plates and said perimeter members;
and

injecting plastics ot polymer material into said cavity in liquid form;

25 whereby said plastics or polymer material sets or cures so as to bond to said outer
plates with sufficient strength fo transfer shear forces therebetween. ‘

By fixing the perimeter bars to the outer metal plates by adhesive or tack welds, rather
than a continuous weld, structural sandwich plate members can be produced with reduced
distortion, for example less than 1mm in a panel of about 1m by 2m. The method can also

30 eliminate a significant amount of weld if the i)ost weld is also used to join panels together
(only one weld is needed, rather than three). The method of the invention is also particulatly

suitable for automation, e.g. using a hydraulic press with heated and magnetised platens to



and injecting plastics or polyner material into said cavity in liquid form
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15 The perimeter bars may be separately adhered to the outer metal plates, in which case
additional sealant may be provided in the joins as necessary. Alternatively, the perimeter bars
may be adhered or welded into a frame prior to fixing to the outer plates.

The materials, dimensions and general properties of the outer plates of the structural
sandwich plate member of the invention may be chosen as desired for the particular use to

20  which the structural sandwich plate member is to be put and in general may be as described in
US-5,778,813 and US-6,050,208. Steel or stainless steel is commonly used in thicknesses of
0.5 to 20mm and aluminium may be used where light weight is desirable. Similarly, the
plastics ot polymer core may be any suitable material, for example an elastomer such as
polyurethane, as described in US-5,778,813 and US-6,050,208. The perimeter bars can also be

25 made out of a metal, such as steel, stainless steel or aluminium, but as they ate not welded to
the outer plates, there is a greater choice of materials.

The present invention may also be used to form structural sandwich plate members
formed as over- or inner-lays to existing structures — as described in International Applications
W0O02/20341 and PCT/GB2003/004628, which documents are hereby incorporated in their

30 entirety by reference — in which case one of the outer metal plates is a part of the existing

structure.



may be adhered or welded into a franme prior to fixing to the outer plates.
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perimeter frame in a second method embodying the invention.

15 In the various drawings, like parts are indicated by like reference numerals.

The structural sandwich plate member shown in Figure 1 comprises upper and lower
outer plates (faceplates) 11, 12 which may be of steel or aluminium and have a thickness, for
example, in the range of from 0.5 to 20mm. Perimeter bars 14 are adhered by adhesive 15, 16

20  between the face plates 11, 12 around their outer peripheries to form a closed cavity. In the
cavity between the face plates 11, 12 is a core 13 of plastics or polymer material, preferably a
compact thermosetting material such as polyurethane elastomer. This core may have any
thickness, particularly a thickness in the range of from 15 to 200mm. For thinner cores, pre
and post heating of the core may be necessary. The core 13 is bonded to the face plates 11,

25 12 with sufficient strength and has sufficient mechanical properties to transfer shear forces
expected in use between the two face plates. The bond strength between the core 13 and face
plates 11, 12 should be greater than 3MPa, preferably 6MPa, and the modulus of elasticity of
the core material should be greater than 200MPa, preferably greater than 250MPa, especially if
expected to be exposed to high temperatures in use. For low load applications, such asl floor

30  panels, where the typical use and occupancy loads are of the order of 1.4kPa to 7.2kPa, the
bond strength may be lower, e.g. approximately 0.5MPa. By virtue of the core layer, the

structural sandwich plate member has a strength and load bearing capacity of a stiffened steel



netal plate in a second nethod enbodying the invention; and Figure 6 is a
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08807, USA) is used, the adhesive remains workable for a few minutes to enable the position
of the perimeter bars to be set accurately. Once in place, the perimeter bars are preferably
loaded, e.g. by a weight or press, whilst the adhesive cures. The perimeter bars may be fixed
in place individually or fixed together by adhesive or welds to form a frame before being fixed

20  to the faceplate. If the perimeter bars 14a-d are fixed individually, additional adhesive, e.g. a
methacrylate adhesive such as Plexus (RTM) (available from ITW Plexus, a business unit of -
Ilinois Tool Wotks), is preferably used to fill the joints to ensure an air ﬁght seal. The
adhesive is preferably heat resistant.

Next, one component of adhesive 16 is applied to the upper surface of the perimeter

25 bars or frame 14 and the other to the underside of faceplate 11, which is then fixed in place,
forming the cavity into which the core material is to be injected. A jig may be used to
facilitate positioning of the upper faceplate 11. Again, the upper faceplate 11 can be loaded by
a weight or a presé during curing of the adhesive. The adhesive may also be used to apply
internal double plates.

30 The core material is injected into the core cavity via injection ports (not shown) in
either of the faceplates or the perimeter frame. Vent holes can be provided in any convenient

position. Both vent holes and injection ports are preferably filled and ground flush after



cl eaning and/or grit blasting and/or corona, so that the surfaces are
sufficiently clean and snooth to forma good bond to the core material and
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conponent, e.g. the adhesive, of a two-conponent adhesive 15 is applied to
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bats and dispense the components of the adhesive.

In experiments using faceplates of 1920mm by 920mm and an initial distortion of less
than 1mm, the method éf the invention was able to produce structural sandwich plate
members with a total distortion of less than 1mm. _

20 The procedure is essentially the same where the structural sandwich plate member is
formed as an overlay to an existing structure. The perimeter bars or frame are adhered to the
existing plate and the new overlay plate in either order or simultaneously, as convenient.

In a second embodiment of the invention, shown in Figures 4 to 6, the metal
faceplates are secured to the petimeter frame by tack welds 19 and a seal is ensured using

25  flexible strips 17, 18 or (a) gasket(s) placed between the petimeter frame and the faceplates.
Otherwise the second embodiment is the same as the first.

The sealant strip or gasket should have sufficient flexibility to ensure a seal, be
compatible with the uncured core material and have sufficient dimensions and mechanical
properties to withstand the heat and pressure of the curing process as well as the heat of the

30 tack welding process. EPDM (ethylene propylene diene-monomer terpolymer) foam strips of
dimensions about 6mm wide by 3mm thick have been found to be suitable. Other ethylene,

alpha-olefin diene monomer terpolymers may be suitable. Rubber compounds that melt



position. Both vent holes and injection ports are preferably filled and
ground flush afterinjection is conpleted. During the injection and curing
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di stortion of |ess than | he. met hod, of the inuent.ion able .to
produce gﬁ%%f"iﬁ’l"‘ﬁ‘? tbseacl’?ﬂ?ﬁir'ng fiﬁﬁaé’i’glgr?é%g?%t WSS PAT PY fe\é\aﬁr%viobc%dbf | ess

t han 1b MPreffblihe Gathisk Strip Br @5&keiHak adlleyive BE ofaside whig b vwihivh it hlidred @l

sandwi ch plate nenber is formed as an overlay to an existing _structure. The
peri met epnaxrthe pyimetenfame @ adfasrplab thepopifen o theReReT e 05 droeplate ek

overl ay B'eﬂ%?aéljl@lst&i 1R&H wREIIBY 120F welaiteliyagousl y, .as convenient. In a second
oF d : : :

enbodi ment e Invention, shown in Figures 4 to 6, the netal faceplates
are secured t3intdtbe pek vkl ere Ysediondy byhold the faedpligesad padmates batlin plcensur ed

using flexible stri 17 or (a). gasket(s).p ed between the perineter
frame an%.u{rﬁ dnjpction 51?@ tmé%ﬁg olfgfhe corgz, a) Jlg(:“}naykbe 1£seci mséegg.
15
It will be appreciated that the above description is not intended to be limiting and that
other modifications and variations fall within the scope of the present invention, which is

defined by the appended claims.



O herw se the second enbodinment is the same as the first. The sealant strip
or gasket should have sufficient flexibility to ensure a seal, be

conpat i blwowoekiost438 uncured core material and have suffipcirarg20e/ovesssi ons
and nmechani cal properties to withstand the heat and pressure of the curing
process as well as the heat of the tack wel ding process. EPDM (ethyl ene
propyl ene di ene-nononer terpolyner) foamstrips of dinensions about 6mm

wi de by 3mm t hick have been found to b& suitable. O her ethylene,

al pha-ol efin di ene nononer terpolyners may be suitable. Rubber conpounds
that neltunder the tenperatures occurring during welding are | ess suitable
as the nolten material may run in toyt | d and prevent fornmation of a
good weld. The face plate(s) and peg¥ﬁg§%¥efrane may be cl anped toget her
during formation of the tack welds, which need only be sufficient in size
and nunber to withstand the pressure of injection and curing of the core
material. The sealant strip or gasket is preferably positioned around the

i nner spef i pheg ¥Rt NGnd@ich PRtEhehb@RniRisiag: 10 be as far as possible from
the tack welds, preferably at |east 3nm At the corners, two pieces of

seal ant st ri pfinveandisecdsdioutad phggsi nst each other or a single piece may be

bent around the c I i - i tS i
preferably aﬁ%%ﬁg%%%%%g¥ér%%Feggh%ggég é%?gi§$§%§%%£§§§€%%g%§§§§%ﬁggive on
one sideamdnly by which it is adhered to one of the perineter frane or a
facepl ate; the posjtion of the perineter.frane f acepl ate can,then be
adj usted at vt F9* QhplpyECE ﬂ%p‘%l%fﬁ?f %F‘gagma ??‘ﬁ’@é‘?n%or??g‘??%sémf%‘g? RI¥fds are
used 100! Vith Suff@bkt strbiyth aceplsfk elcad RdcRahdrBRiREenbar in place during
injection and curing of the core, a jig may be used instead. It wll be

1 g .
appr eci at ed t Whgreinsad gpameeymempris predicer 40 frid optat RIpgRby e | i niti ng and
that other nodifications and variations fall within the scope of the
present invention, which is defined by the appended clains. CLAIM5S 1. A
structural safdwichraplaadweichphbremembernctaiing to fhinst whaginseskpedmstater pl at es;

members are fixed to each other by adhesive.
15
3. A structural sandwich plate member according to claim 1 whetein said perimeter

members are fixed to each other by welding

4, A structural sandwich plate member according to any one of the preceding claims

20 wherein said adhesive is a two-component adhesive.

5. A structural sandwich plate member comprising:
first and second outer plates;
petrimeter members between said first and second outer plates to form a cavity;
25 sealant strips or gaskets between said perimeter members and said first and second
outer plates and
a core of plastics or polymer material in said cavity and bonded to said outer plates

with sufficient strength to transfer shear forces therebetween.

30 6. A structural sandwich plate member according to claim 5 wherein said sealant strips or
gaskets ate made of an ethylene, alpha-olefin diene monomer terpolymer, preferably ethylene

propylene diene monomer terpolymer.



perimeter nmenbers fixed between said first and second outer plates to form
a cavity; and a core of plastics or polynmer material in said cavity and
bonded t oweabeb/@nizer plates with sufficient strength toptrasbevoossssar
forces therebetween; wherein said perinmeter nenbers are fixed to said outer
pl ates by adhesive. 2. A structural sandw ch plate nenber according to
claim1 wherein said perineter nenbers are fixed to each other by adhesive.
3. A structural sandw ch plate nenber -&ccording to claim1 wherein said
perimeter nmenbers are fixed to each other by welding 4. A structural

sandwi ch pl ate nenber according to any one of the preceding clains wherein
sai d adnesi ve, s, 3, L0 SOTRRAENE AANGSI N Ging Bs 1fxd LHELHLAL, AARC ch pl at e
member conpri‘sing: fi1rst and second outer % at es; per i meter menbers between
sai d fir&impaiilgsetanlidy ofiack wilabasedrosafdqyetinttet andnibers medahidrfirstaind isgondr
gasket s betw?en said perinmeter nenbers and said first and second outer

pl at es aMIPAEre of plastics or polyner material in said cavity and bonded
to sagd outer plates with sufficient strength to transfer shear forces

t herebetween. 6. A structural sandw ch plate nenber according to claim5
wher ei n $ai d 4 etrcivrel sndwigk pte memketascadiag medeinod, 601 Tevlnytia said sealant

al pha-ol efin diene non r r L. R r e l,ene di ene
nononer %ne? Bﬁaﬁﬁ%??%‘fncﬁméfers%e?t%é%g%ér%%eg%?gﬁl%gkt émn%%ieor?&ggg%tg I r%ggt o claim
5 or 6 whemehikdess.t her conprising a plurality of tack wel ds between said
perimeter nmenbers and said first and second outer plates. 8. A structural
sandwi ch pl ate nenber according to claim5, 6 or 7 wherein said seal ant

stgI i EOgr9.gaskﬁ%uﬁ@ﬁrabﬁiﬁ@%ﬁ@ﬁ&&dmﬂbm%&r@iﬂg td Elaibh'%; 6f 288 whkreld @@ 3 to 10mMm
wi dt y 1to '

sealant strip or gasket has adhesive on one side thereof.

10. A structural sandwich plate member according to any one of the preceding claims
having a filled vent hole and a filled injection port in said perimeter frame.

15
11. A structural sandwich plate member according to any one of the preceding claims

wherein said plastics or polymer material is compact.

12. A structural sandwich plate member according to any one of the preceding claims

20  including at least one preformed spacer in said cavity.

13. A structural sandwich plate member according to any one of the preceding claims

wherein said outer plates have a thickness of less than about 2mm.

25 14 A method of manufacturing a structural sandwich plate member, the method
comprising:
adhering perimeter members to first and second outer plates to form a closed cavity;
and
injecting plastics or polymer material into said cavity in liquid form;
30 whereby said plastics ot polymer material sets or cures so as to bond to said outer

plates with sufficient strength to transfer shear forces therebetween.



5mm t hi ckness. 9. A structural sandw ch plate nenber according to claimb5,
6, 7 or 8 wherein said sealant strip or gasket has adhesive on one side

t her eof . W0O.204/mv438Cct ural sandwi ch pl ate nenber accordi pgTiaB200F00Ms8 Of t he
preceding clains having a filled vent hole and a filled injection port in
said perinmeter frame. 11. A structural sandw ch plate nenber according to
any one of the preceding clains wherein said plastics or polymer materi al
is compact. 12. A structural sandw ch-fl-ate nenber according to any one of
t he preceding clains including at |east one preforned spacer in said

cavity. 13. Adsmethod arcardingtedidimt 4ptheren saidisen obadberiel ingludes applyingeaeof t he
precedi ngomhane o}"’“ﬁxﬁeéd)@n&fo%'egt 3,}4&% tB's;ﬁ&%?mQ ¥Pm§fnkgﬂ]s%§é‘8§%t9 less than

about 2 acturing ructur san pl ate
menber, thepominkhadsacbigpiasdsng: adhering perineter nmenbers to flrst and
second outer plates to forma closed cavity; and injecting plastics or
polymer material into said cavity in liquid form whereby said plastics or

pol ymsr ngt er iAdhe$68 ScRtdifgifcShy S8e 86clhifh 105 StbheSekh th QI R4p FH2ah&SgH t h
sufficient strength to transfer shear forces therebetween. 15 A et hod

accor di ngehos 2en #iyed @ appbradhet$ai d step of adhering includes applying one
conponent of a two conponent adhesive to said perineter nenbers and the
ot her conponent to said faceplates. 16. A method according to any one of
claim141ar 1% Iwht(bbéiaq:to'tdin§@i ahy shepf diimadH e ﬂ@grharemqtrm tasad step oSed to
apply adhesi ve. tho according to an ns 14 t

wher ei n pri6Fet c?ng’élﬁd céi)ogﬁhe REWEFh emﬁ%ﬁ&%@fé’r ur?ué%fé’gat%sf“? ﬁrepi)ré%g}’ret er
menberss afdkhbing)@eaaiipand fratieblagdng. prepared by acid etching, cleaning
and/or grit blasting.

18. A method of manufacturing a structural sandwich plate member, the method
comprising:
forming a closed cavity with first and second outer plates and perimeter members,
15  sealant strips or gaskets being provided between said outer plates and said perimeter members;
and
injecting plastics or polymer matetial into said cavity in liquid form;
whetreby said plastics or polymer material sets or cures so as to bond to said outer
plates with sufficient strength to transfer shear forces therebetween.
20 |
19. A method according to claim 18 wherein said step of forming a closed cavity includes

forming a plurality of tack welds between said outer plates and said perimeter members.

20. A method according to claim 19 wherein said outer plates and said perimeter members

25 are clamped together during the tack welding step.

21. A method according to any one of claims 14 to 20 wherein said outer plates are held

in a hydraulic press during said step of adhering.

30 22 A method according to claim 21 wherein said hydraulic press is provided with heated

and magnetised platens.



18. A method of manufacturing a structural sandw ch plate nenber, the

nmet hod conprising: formng a closed cavity with first and second outer

pl at es anslopeddoseiser nenbers, seal ant strips or gasket s pogigrpo@rmyicded

bet ween said outer plates and said perineter nenbers; and injecting

pl astics or polyner material into said cavity in liquid form whereby said
pl astics or polyner material sets or cures so as to bond to said outer
plates with sufficient strength to traisfer shear forces therebetween. 19.
A nmet hod according to claim 18 wherein said step of formng a closed cavity
i ncl udes2¥ or nikmgethocbdqqodidgtty a@;f omeafdktlaivms % tdh2t wherinsad gedmter mpinhews and
sai d perinete cgegg% et%t . ag gltng to claim19 wherein said

out er pl"gfé‘?aﬁ‘ﬁ 59d°8 ?r?@f@r 1 rr%e P&l anped toget her during the
tack wel ding step. 21. A method accordl ng to any one of claims 14 to 20
wherein said outer plates are_ hel a hydr aul press d ring sajd step of
adher i ngz.4-22.AAP“rT%?cﬁ%fd°%l&Sde ? éﬂg’leéF?ﬁ‘E‘iS%@ﬁ%B the J04nty ﬁWF%ﬁﬂl‘%c press
i's previ Mt hegat ed and magneti sed platens. 23. A nmethod according to
any one of clainms 14 to 22 wherein said perinmeter nenbers are separately
fixed to a first one of the outer metal plates 24. A rrethod according to

cl ai m 23 urt onprisin f||||n e e

menbers. 2 rre ho a?%:n g 5@ O anmnn?)J}@k (r;%zsc\:vl%a}e\ﬂng ﬁeg%vﬁ%?él n said
peri nmet edre a&hﬁaef&wl@edadhearfedn@pnmb(ﬁgﬁgltmt}m cautdr fplutes. pr| or to fixing to the
outer plates. 26. A nmethod according to any one of clains 14 to 25 further
conprising the step of welding the perineter nenbers to said outer plates

aftenocusd. ng Afm&RLaLOIddhg to any one of claims 14 to 25 further comprising the step of

welding the perimeter members to said outer plates after curing of said core.



