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- *159159* 1 A METHOD AND APPARATUS FOR FORM NG A

METAL- CEMENTI TI QUS CORE- METAL COVPOSI TE SANDW-CH

generally to a nmethod and apparatus for form ng a mmmmmwm
conposite structure, and relates nore particul arl

t hough not exclusively, to a nethod and apparatus fgns95*
formng a netal -cementitious dore-metal sandw ch

panel , which may be aligned vertically, horizontally,

iAME ﬁ@@ AND ARRA RATUSEORFORMINGes METAL-GEMENTITIOUS
| oads. 10 BACKGROUND A conposite netal -cenentitious

cor e- et At O REANIE TAL IGOMEDSITE SAND WEE H SPRIRIEURE
sandw ching plates wth a core of a cenmentitious

mat eri al sandw ched therebetween. This is a nore

ef fective use of netal as thinner netal plates may be

hll; & 2 15 simlar |oad carrying capacity,
in par? i1 ﬁeibendlng capacity, conpared to a netal

STRUCTURE TECHNI CAL FIELD 5 This invention rel at mﬁ“\“l

nel equi val ent_ netal fhjckness but_ that does not
ﬁgvén‘é[ﬂnélaﬂ tengeneEbdo arpsthodiandrapparatus fopfasmirg:a eqaposite

sandwi ched core can act integrally with the

stardvve candrglagsis anase paichlady ctheegh ndiextlusizelage aroctheéand

the tension and conpression areas of the netal plate
appapgnsifon gorminga inetdl lvemsatitiniscbtaagetal sdndsvictopuniel) evHidtemay be
cementitious core in conpression, thereby 20

blgied asitiRgIly, horizomall ¢ ahdlied 9r 6@NaE, by earr-gj'ﬁigsor resisting applied
metal -cenentitious core-netal sandwich “pane

fos@i cal Iy has structural applications in the
construction of structural decks and

BACKGROUND

A combosite metal-cementitious core-metal sandwich typically comprises two metal
sandwiching plates with a core of a cementitious material sandwiched therebetween.
This is a more effective use of metal as thinner metal plates may be used to achieve a
similar load carrying capacity, in particular bending capacity, compared to a metal panel
of equivalent metal thickness but that does not have a sandwiched core therein. This is
because the sandwiched core can act integrally with the sandwiching plates to increase
the leverage between the tension and compression areas of the metal plate in bending,
while the sandwiching plates confine the cementitious core in compression, thereby
increasing its load carrying capacity. This metal-cementitious core-metal sandwich
panel typically has structural applications in the construction of structural decks and

hulls of marine vessels and as ice belts in offshore structures.
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hul Il s of marine vessels and as ice belts in offshore
structures. | I L 1L bre et el
1ttt 11111 *000002* 2 To formthe
sandwi ch, the cenmentitious core is comonly pre-cast
as a panel using dismantleable and renovabl e casting

" formmork, followed by bonding a netal plate to each

face of the resulting cenentitd ous panel after renoval

of the formmrk. Alternatively, the netal plates my

Be faus dresandivich, the tementitions ceredavorhmonlygreloadt we e pandd using
foll owed by casting the cenentitious material into the

diswiahllcablé il reh@vanlt ahstin dbsworkColloGed By HondMe & kndt&lplate to
encasing the cenentitious material during casting.

SHHESAHENE SluRRBREDen@id %ﬁﬂfﬁ PRI MNAT ofHRE fdr@]lvg)r%\ﬁo de

range of structural applications, are vulnera

[ G| ' n, t he [, gnd cementit.jous
ANCRIL 00N e o PR BRY b USRI BOSRERT eiidlfrebetween,
l.oadi because of the. naturall Qor bonding. between
é‘gﬁ%‘ﬁ‘gi Y G EIGF SCTRFRfI iU H}at%aé%/nég thergvigy,a¥itibihe megl plates
interfacial bonding agents such as chem cal adhesive
Aging asdemnverkforiencasing thansmentitieusrmatatialglusing sastingt he
cenentitious core. However, the traditional production
process for this is tine consum ng because the
cementitious core has first to be pre-cast in a

Se¢ladantl wridhQaive! dithodSh REl fof ude @l Wide r&R8 b ¥rh@aEspBitations,
to achieve a void-free and uni form adhesi ve

hitRdeti&lo in{e‘?ﬁé@fgl slﬁ‘ Bl B th¥ &t A %Wc?nnerﬁﬁ{oﬂg b %Rd local
e t hat a a

have been propos I ntroduce overlappl ng net

. d : i ded t tal pl at
BB Sl ARRDSBH b RaPE Y Bk ARy el vy R
g&stin t he cenentitious terial into the cavity

WGHY %@tWQP%lforgtaﬁ%i wegal plates. To overcome this, interfacial bonding

agents such as chemical adhesive have been introduced to bond the metal plates to the
cementitious core. However, the traditional production process for this is time
consuming because the cementitious core has first to be pre-cast in a separate formwork,
and it involves costly processes to achieve a void-free and uniform adhesive interfacial

layer.

Alternative sandwich structures have been proposed that introduce overlapping metal
shear studs or connectors provided on the metal plates and projecting into the core
cavity prior to casting the cementitious material into the cavity around the metal studs or
connectors. Another version involves connectors welded at both ends to the
sandwiching metal plates, and casting cementitious material into the core cavity.
Although this can halt interfacial slip and minimize shear failure, buckling of the metal

plates away from the cementitious core at locations remote from the metal studs or



10

15

20

connectors. Another version involves connectors wel ded
at both ends to the sandw ching netal plates, and
casting cenentitious material into the core cavity.
Al though this can halt interfacial slip and mnimze
shear failure, buckling of the netal plates away from
the cenentitious core at |ocations renote fromthe
metal studs or 3 connectors @an still occur because
of a lack of a continuous bond between the netal
pbrateeracn stil@coartensust iob adackaif a.cottili®ddR¥ondbdiveen the metal
invention ains to provide a new and useful nethod and
plhpsraal tise defentiiowd ddge.2a conposite structure. The
conposite structure preferably conprises a core
sandwi ched between two outer |ayers. The core may be
of a cenmentitious material such as concrete and the
%quﬁﬂ&ﬁwrlayers may be netal plates, such as steel.
n-general ternms, the present invention proposes

at a bondi ng agent nmay be injected into the )
iIfH? BRI gims %Eg?vﬂgt%\%f‘é?hmi%égeéé meetherband appamtys fonforping a
the outer layers through an injection port that is
pRTBROSie girueturch Ahe eemposite afraetureTireferabl e carhprisep o corersapdwiched
be provided through a hole in that outer |ayer or the
betjveer tvemouter tayerayTHeacope maiy e df t lsemegiticus hedt@ial Bucht &3&oncrete
opposi ng outer layer. 15 The injection port preferably
GRNDE It 6 Sufer YElsQMy 5&%@9@@@@3@% b@stdeldi f f usi on head.
The holl ow stem and the ditffusion head are preferably
in fluid communication to allow a bondi ng agent such
as epoxy to be delivered through one of the outer

avers.(and .through the core if pecess ﬁé? into the, .
HEEERAITE. b aled4 drvesDns Pirbotss B RPPRIng aganay B injected
into the interfacial space between the core and at least one of the outer layers through an
injection port that is provided on that outer layer. The injection port may be provided

through a hole in that outer layer or the injection port may be provided through a hole in

the opposing outer layer.

The injection port preferably comprises a hollow stem connected to a diffusion head.
The hollow stem and the diffusion head are preferably in fluid communication to allow
a bonding agent such as epoxy to be delivered through one of the outer layers (and
through the core if necessary) into the interfacial space between the core and the same

or other opposing outer layers.

Preferably, injection ports are provided to deliver the bonding agent into the interfacial
spaces between the core and each of the two outer layers. The injection ports may be

provided through both outer layers. Alternatively, the injection ports may be provided
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20 or other opposing outer |ayers. Preferably,

injection ports are provided to deliver the bonding

agent into the interfacial spaces between the core

and each of the two outer l|layers. The injection ports

may be provided through both outer |ayers.

Alternatively, the injection ports may be provided 4

t hrough only one of the outer 4l ayers, wherein some of

the injection ports are extended through the core to
thieughrmindy preéfthe sptaclaybist whenintsomexdtiee mjeettivm ports are extended
opposi ng outer |ayer, where desired. 5 The injection

fesughnthy corertd trrineefviel spacspaneer the comndyhEsppoai@roter layer,
apart for casting the core therebetween, prior to

- WhkRGekingl t he bondi ng agent. Injecting the bondi ng

agent into the conposite sandw ch through the

injection ports strengthens the conposite action of

t he sandmﬁch panel as the bonding agent fastens the
o the core ntegrally, preventi ng

8 put er ers
e hischiap |P8 Y BHASTSSREL SBRsedhe W It layqry, Aparhier cetiag the

when t he panel i's being | oaded during use. Injecting
eq7e thesehet Wepnapeen toanjeeting the bewtipagens  sandwi ch has
been fornmed also elimnates the need for separate
formmrk to pre-cast the cenentitious core prior to

15 bondi ng the outer |layers onto the pre-cast core. By

Inectipp SsEttndinpViehi 0td the eSMpPédifelsAmtiviCR t1Rbh@ the %ﬂe&ﬁ‘)n ports
dlrectly cast into the core cavity defined by the

fRIntheR! ﬁfe%rﬁ&l&rac{len of me%ﬁﬁdvﬁgh fndi E$ tht%%qmﬂg ﬁgrﬁr}'{l]stens the

The present vention i s also conpati

r.strengt henin ures
%‘vtsr?‘ R Pﬂtogtﬁ%f%{rf el g aRhE deiainetip Sf fedogred outr layer
d stu provi ded . on q het ween the outer netal
1Vr\ ﬁg core w en the panel is being loaded during use.

Injecting the bonding agent after tﬁe composite sandwich has been formed also
eliminates the need for separate formwork to pre-cast the cementitious core prior to
bonding the outer layers onto the pre-cast core. By the present invention, cementitious
material can be directly cast into the core cavity defined by the two metal plates prior to

injection of the bonding agent.

The present invention is also compatible for use with other strengthening features such
as the overlapping metal studs or connectors, or through welded studs provided on or

between the outer metal layers.

A first specific expression of the invention is a method for forming a composite

structure. The method comprises providing a first injection port on a first metal plate;
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A first specific expression of the inventionis a

nmet hod for formng a conposite structure. The nethod
conprises providing a first injection port on a first

netal plate; 5 spacing a second netal plate fromthe

first metal plate such that the first netal plate and

the second netal plate define a core cavity

t her ebet ween; casting a core &f cenmentitious nateri al

into the core cavity; and injecting a bondi ng agent
spacinggiseronsl metabplaterfren theofirst metal platet suchthat theefirftamétal plate and
space between the core and the first nmetal plate. 5 A
tececshdanetal plate deRpe &861cAviDy thchdeiwréadds@flg & Sor@df cementitious
injection port for injecting a bonding agent into a

ARAFRRBINtCthICOHCIYtS: anﬁhﬁje%@é’ﬁéﬁcﬁ’n%?ﬁ% 'Pfhﬁ‘&f‘gh#ﬁ@ﬂfs‘t iffection

a core sandw ched between two out ayers

bR i P BPAchl SBATRHR 0 Rore M4 B B Mo

plates into an |nterfaC|aI 10 space bet ween the core

and one of the two outer layers. A third specific
expression of the jnvention is a conposite structure
Aosends pregific expeassioniof theusvensioa isamigctine got doniajsatingyo
outer netal layers; a layer of a bonding agent
batdieergenhinte & nenpoditestractonr #hancmpbsileasasttutn@ngiristhe core
outer nmetal |ayers; and an 15 injection port at the

samyieichell betweeeh oRdot@r ageRt ThOmjdabh pef ol ntétea IRARY 6 for
agent into an interfacial space between

@ﬁ%ﬂhg tHeWbRdf r ﬁtrtﬁro% L &R in YR o?fhetrﬁf?tal £t§£ m%&?lnterfamal

| ayers after tlng o the cenentltlous ore
ers BRI EF DESCRI PTI ON
§§£¥ﬁéwﬁhk %ﬁ? ?‘?%é ‘i nvention may be
fully understood and readlly put into practical effect

there shall now be described by way of non-limtative

exanmpl e anly exenplarK
A third specific expression of the invention is a composite structure comprising a

cementitious core sandwiched between two outer metal layers; a layer of a bonding
agent between the cementitious core and at least one of the outer metal layers; and an
injection port at the layer of the bonding agent for delivery of the bonding agent into an
interfacial space between the cementitious core and at least one of the outer metal layers

after casting of the cementitious core in between the two outer metal layers.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the invention may be fully understood and readily put into practical effect
there shall now be described by way of non-limitative example only exemplary
embodiments, the description being with reference to the accompanying illustrative

drawings.
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enbodi nents, the description being wwth reference to
the acconpanying illustrative drawings. 6 In the
drawings: FIG 1 Ais a schematic perspective view of
a first netal plate provided with holes; FIG 1 Bis
a schematic perspective view of the first netal plate
of FIG 1 Awith an injection port inserted through
each hole; 5 FIG 1Cis a schématic perspective view
of the first nmetal plate of FIG 1B and a second
Irethaldragwiage defining a core cavity therebetween; FIG
2 is a schematic sectional perspective view of the
FIG.SitA BrckchepaitpertieativeNiaweT aGfrst dréted pldte Groviddd with holes
cenentitious material cast into the core cavity;

PIG;. S Bis SRR Cpes§feb i RNALw RE PGS 1‘1124% m;ﬂa%vzstgﬁgl g& “Sth an

met al - cenenti ti ous core met a 10 san

havi ng; e%pghg %gs%%d dhé to an interfacial

space € ce bre and the flrst

Iat and an |nterfaC| ace betwee
Bl i Bias et moremst o dod ot s sl Rl FIg| BB angha second
is a scherratl c cross-sectional side view of the
met al - Betebplate Jedpingopease paiityi thersbetewench of FIG 3; 15
FIG 4B is a schematic cross-sectional side view of an
BIG.€rinatschematiisoctianahperspectieviewnifahe fist@id secodidetal plates of
core-netal sandwich of FIG 3; FIG 4Cis a schematic

Cr 0Ss- BES%: tliCowah céxh@kﬁltf(ﬂu@mace‘naaaﬁt s el ogd é’h@ityve
enbodi nent of a netal -cenentitious core-neta

FRY A %Iggl}]fﬂ C ségldnﬁbge gﬁ:’g 1|e$v ot tl?esx?lﬁtsa? gérhgrﬁﬁqo@ cgr% metal

Vi ew o a ternati I ment o

sandwich of FIG. 2 having bonding agent injected into an interfacial space
between the cementitious core and the first metal plate and an interfacial space
between the cementitious core and the second metal plate;

FIG. 4A is a schematic cross-sectional side view of the metal-cementitious core-metal
sandwich of FIG. 3;

FIG. 4B is a schematic cross-sectional side view of an alternative embodiment of the
metal-cementitious core-metal sandwich of FIG. 3;

FIG. 4C is a schematic cross-sectional side view of another alternative embodiment of a
metal-cementitious core-metal sandwich;

FIG. 4D is a schematic cross-sectional side view of an alternative embodiment of the
metal-cementitious core-metal sandwich of FIG. 4C;

FIG. 5A is a schematic cross-sectional view of the metal-cementitious core-metal
sandwich of FIG. 3 with a first embodiment of a provision for length

adjustment of the injector port;
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20 netal -cenentitious core-netal sandwi ch of FIG 4C,
FIG 5A is a schematic cross-sectional view of the

net al -cenentitious core-netal sandwich of FIG 3 with
a first enbodi ment of a provision for |ength

adjustnent of the injector port; 7 FIG 513 is a
schemati c cross-sectional view of the

met al - cementitious core-netal 7sandwich of FIG 3 with
rei nforcenent around the holes through which the
FKj.68 isarschonity aps-secoenatiesw ¢t nis@licemantitxiue katelmetal
cross-sectional view of the netal -cenentitious

cor e- nedndvichSo fRIGASMwGEth efnfércémerd anbuind the BEI6OMEough which the
enbodi nent of a provision for length adjustnent of

the i njy hgﬁ quggpe#,ﬁgv%e@A is a schematic top
perspec ve view of an inj ection port; FIG 6B |s a

erspective v
port o Ific%n%%}& cr tl*—(fr@ ViE¥ ?@W%mg@i'g%?‘? 1°é’§ ﬁ?rc?a’@ﬁtal
assenbl y vi f the njection port of FIG 6B. 10
DETAI L%_%dtﬂ_f%(ﬂi P! %Nl@ﬁ el imericiavrison forlengh
and apparatus for formng a conposite structure wll
now beadiesi@entafdhevinigstormefter ence to the acconpanyi ng
figures. 15 As shown in FIG |A a plurality of
FHe A sal schématiogop petspectitit vieh2of dBinjetompert;j ni tial |y
provided in a first netal plate 10 at appropriate

BIA 6B aakBdigatic i tont Ibér@ek:ﬁ‘i?@%@w@ﬂ the 1%Le%ﬁ61‘f'p6’fft of PR3. 6A; and
first metal plate 10. Preferably, the holes are

PIRVcosd 8 eﬂlefifceerx\lﬁf}Jél%d %; Mle\{v m&gtﬁ&? g ok Pid. .

first meta at e
injection ports 110,

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
A method and apparatus for forming a composite structure will now be described with

reference to the accompanying figures.

As shown in FIG. 1A, a plurality of identical through holes 11, 12, 13, 14 are initially
provided in a first metal plate 10 at appropriate spacing along the entire length and
breath of the first metal plate 10. Preferably, the holes are provided at intervals of about
300mm to 600mm in the first metal plate 10. A plurality of identical injection ports 110,
120, 130, 140 are then inserted through the holes 11, 12, 13, 14 respectively, as shown
in FIG. 1B, and adjustably fastened to the first metal plate 10. Each injection port 140
has a hollow stem 141 and a diffusion head 142. The holes 11, 12, 13, 14 may be
threaded or simple holes, depending on the desired means for adjustably fastening the

injection ports.
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120, 130, 140 are then inserted through the hol es 11,

12, 13, 14 respectively, as shown 20 in FIG 1B, and
adjustably fastened to the first nmetal plate 10. Each
injection port 140 has a hollow stem 141 and a

di ffusion head 142. The holes 11, 12, 13, 14 maybe

t hreaded or sinple holes, depending on the desired

means for adjustably fastenin® the injection ports. 8

The injection ports 110, 120, 130, 140 are inserted

The ojeption Ipert$ il i &t120pt 3, 140 atedndedted tiobuglht thatfirsthestalaplate 10 such
second netal plate 20 is positioned as cl ose as

fas &/hbi £ sécdnd hﬁétallf'p‘lidtél 20 ssdsfoRed 49108 astgoBsible’ts theTREidd surface
plate 10, the dif i on heads of |nject|on ports ,

110
1800 fthe fird rn?éfélgﬁ’ege 90, th ﬁlfﬁﬁﬁ)n H%g&i%?f &gﬁ%%sglél ?(S A

flrst net al te 10 while th
T e svtgﬁzﬁeo?as%@ﬁmwn

be achi eved by having the injection
b of infesiom paus 120, 40 POIEAEH THOPHES surtacacdl o6 thegicond

the first nmetal plate 10 into the core cavity 15

meiehplate 2hes Sléb’ﬁhdl gk AC. Phiamery e ashievbdiby hindng the injection ports
i njection ports 120, 140 serve to space the second

020, dKH0 prgee fideh thedyside anfacheOf bf ke firsttradtalplate € 0 1fto tHd¢ore
first netal plate 10 10 and the second netal plate 20

a&/ityNBBwhids ﬁle@;ecéncﬁn%ﬁy?laﬁéefd Jd8hat tROfectdH ipbits 1@0 140 serve to
t herebetween i nto which the cenentltlous naterla S

LR cOfheG@S0nd d%glslﬂo Slzg"xb@‘ygﬁ 1 the | lta{éeltd rl“jflg ?Ht Aktal plate

orts 120, f|C|en

fi a_desir i di.h of the

B A e RS8R i mitle dBi ghol%m 15 TCTRYS defi sipatonsisuds
iinstal | ed. on th%Iflrst netal plate. 10 and t he two

gFt“tﬂeaff&% which thg cergeriitious ﬁlaéegls'ié HIP &g caste Hgqliovpstem of
naterlaL 30 such as concrete is cast into the core
eaghiof (hetijegiéermperts 120 14Gwhaukd by ofuficientigngtie® defime a desired
shown
width of the core cavity 15.

After the injection ports 110, 120, 130, 140 have been installed on the first metal plate
10 and the two metal plates 10, 20 have been assembled, cementitious material 30 such
as concrete is cast into the core cavity 15 between the two metal plates 10, 20, as shown

in FIG. 2, forming a composite metal-cementitious core-metal sandwich 100.

When the cementitious core 30 has attained sufficient strength, a bonding agent such as
epoxy is injected through the injection ports 110, 130 into an interfacial space between
the cementitious core 30 and the inside surface 101 of the first metal plate 10 to create a
bond between the cementitious core 30 and the first metal plate 10. A bonding agent is

also injected through the injection ports 120, 140 into an interfacial space between the
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in FIG 2, form ng a conposite netal -cenentitious
core-netal sandw ch 100. 20 When the cenentitious core

30 has attained sufficient strength, a bondi ng agent

such as epoxy is injected through the injection ports

110, 130 into an interfacial space between the
cenentitious core 30 and the inside surface 101 of the
first metal plate 10 to creat@ a bond between the
cenentitious core 30 and the first nmetal plate 10. A
bemetititiguagem3Oiasd thad inside mrfece @61 phthewsgtoridhretalnplate 20do create a
ports 120, 140 into an interfacial space between the 9

BEmEBEtveerofs ceefitidis 2t I0haditheiedond tefalpRte2fL TAE iftBFacial
second netal plate 20 to create a bond between the

%{ﬁ%@{'ﬁﬁsfeiag 'd?eﬁiﬁro? sﬁx@nl@agg of fife c%?ecﬂﬁ&juxg%fj %tktir% S’ttstﬁer: ?%Eentitious

interfacial spaceS arise as ar age
8&<§QF core 30 during casting of the cenentitious
na%erral. 5 The sandw ch 100 thus includes a first
bondi ng | ayer 210 between the first nmetal plate 10
and the cenentitious core 30, and a second bondi ng
| ayer 220 between the second netal plate 20 and the
Ebereandighol ) they mcdes abrst hpading laybr? i0rhetw écactha firs oredal plate
between the netal plates 10, 20 and the bonding
1Gymd the2éMent2AMscosyBes tnd & kgcond bending lager 20 bedwesh the second
101, 201 of the netal plates 10, 20 may be roughened

Bigta3 pRE2 @sid the clthb@itioud céeSOMloYimpbvel tHEinfrdces bdRd between
20. ot her surface preparation is necessary prior to

o i i , i : i
LS Lo g IR PERL R BRI e e
f.any qil .or ndi agent s .t hat .adver se
1 208 of P fion G 2D eer REhossamy andEtHRE kioh o dsembly

t % c?nentitious core 30 and the netal plates 10, 20.
?_{':t e plates 10, 20. No other surface preparation is necessary prior to injection of the
bonding agent besides keeping the inside surfaces 101, 201 of the metal plates 10, 20

free of any oil or debonding agents that may adversely affect the adhesion between the

bonding agent with the cementitious core 30 and the metal plates 10, 20.

Preferably, where the sandwich 100 is oriented vertically or at an inclination or curve,
for each bonding layer (e.g. 220), the bonding agent is first injected through the lowest
injection port 120 until the bonding agent leaks through the next higher injection port
140. The lowest injection port 120 is then sealed and the bonding agent is injected
through the next higher injection port 140. For a large panel of a composite sandwich
100 provided with many injection ports, the injection process is continued in the same
way for successively higher injection ports until the interfacial space between the

cementitious core and the metal plate has been completely injected with bonding agent.
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Preferably, where the sandwi ch 100 is oriented
vertically or at an inclination or curve, for each
bondi ng | ayer (e.g. 220), the bonding agent is first
injected through the lowest injection port 120 until

t he bondi ng agent |eaks through the next higher
injection port 140. The | owest |nject|on port 120 is
then seal ed and the bonding alent is injected 20

t hrough the next higher injection port 140. For a
MWregeths samdwiol 160 tsdaidesbstentsdiydwriedntally) njpetinn afehle bériding
many i njection ports, the injection process is

agunt ispiefdrablly pdtforirRiBequiaball PIhrGupBGasSs%O¢ 3hjdttioh Pbrts in a
injection ports until the interfacial space between
tilBlar GRAR&GL I tious core and the netal plate has been
conpletely injected with bonding agent. 10 Were the
sandwi ch 100 is laid substantially horizontally,
injection of the bonding agent is preferably

[ h ive in i on
B s o fesionsl HE oo 0 G G GEICh 3. As G b seen,
Cr 0Ss- secplonal side view of the sandwi ch of FIG 3.
bath dhginfpstige perts 1 Kbt AO areprpvijded throughdwiessl 11 14 respddivalyein the
provi ded through holes 11, 14 respectively in the
first gietaiplatd 1(laatiesctibed emliche $ican blednsbiel entbodirhént a9 shown in FIG.
alternative enbodi nent as shown in FIG 4B, the

$B B8 dedonil @Gt oot 140LALy H@p{mbﬁieﬂ YL ses hbRnayg 'Eheasecond
hole 24 in the second netal pl ate 20 |nstead In

fekeglresy ﬁste&h &n @& t %&%Qﬁ?ghé&&ﬁﬁ{ % 17 3¢ the first injection

injection 10 port O is provided on

AL S 4 BT afg@%ﬁs 8

20 Althou h the met hod outlined above with
ge ipyetiop go |l 42 is pravidgd ap thessecondymetahplater 2k mat i on of
a conposite netal-cenentltlous core-netal sandw ch
havi ng two bonding 15 |ayers 210, 220, alternative
enbodi nents of the conposite sandw ch may be forned
Although the method outlined above with reference to FIGS. 1A to 4B describe the

formation of a composite metal-cementitious core-metal sandwich having two bonding
layers 210, 220, alternative embodiments of the composite sandwich may be formed
that comprise only one bonding layer 210. As shown in FIGS. 4C and 4D, in the
formation of these embodiments, the diffusion head 112 of the injection port 110 is only
provided on the first metal plate 10. The injection port 110 may be provided through a
hole 21 in the second metal plate 20 (FIG. 4C) or through a hole 11 in the first metal

plate 10 (FIG. 4D).

In all the above embodiments, the spacing of the second metal plate 20 from the first
metal plate 10 may be controlled by adjusting the length of the injection ports that

project from a metal plate into the core cavity to define the width of the core cavity 15.
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that conprise only one bonding | ayer 210. As shown in

FIGS. 4C and 4D, in the formation of these

enbodi ments, the diffusion head 112 of the injection

port 110 is only provided on the first nmetal plate

10. The injection port 110 may be provided through a

hole 21 in the second netal plate 20 (FIG 4C) or

through a hole 11 in the firstlmetal 20 plate 10 (FI G

4D). In all the above enbodi nents, the spacing of the
Jecdyvdt said khgthl Bi@ 420sHomarth¢ pevisiansdf threedad hadésakle 14@n the metal
may be controlled by adjusting the length of the

phieeDl inewhith ttrehdidlsteniy Dj1€¢41 bf BBl FedRindlorR 12D E140they be
the core cavity to define the width of the core cavity

adjustadly sdRwad) MSIGS A dimk§ gétn)n oﬁl 164 Aﬁﬁaq%@totvf&f‘ed Vi’ltl’% threaded

provi sion of threaded’ hol s 11,

Ak RS SR f;f%mggéd oLl LA
e«% st & B pietaipfieel A gcholls b bty s shown in FIG.
holes 11, 14 in the netal plate 10 and are 5

adj thetinipstionfnests dhadl %mamnmbr b wpldad 330 ® the imetal Iptdte $0 after
310. Alternatively, as showmn in FIG 5C the

adjhgtulg thesqpardtion bi the rietl phatgs $0,1200 Juring assdhniteyl I3holdd 11, 14 in
the netal plate 10 after adjusting the separation of

theandtelt fate RO A BSfukBer beGeBifsrcODb AFSRIMY 322 stifenlR! rfis ].’éO around
14 in the netal plate 10 may further be reinforced by

I 3 kikngs 320 around the holes 11,
%,hggégqéhggmﬁ%llﬁ&w@lfgsﬁlo As shown in FIGS. 6A-C,

each injection port 110 preferably conprises a hollow
stem 60 having a through hol e 62. The injection port

AASHBEELED EAS IS AR o opin g on s
6(? }qll)vrullgs S through hole 62. The injection port 110 preferably also comprises a
diffusion head 64 connected to the hollow stem 60. The diffusion head 64 comprises a
plurality of outlets 66 that are in fluid communication with the through hole 62 of the
stem 60. The hollow stem 60 allows the bonding agent to be delivered through a hole in
one of the metal plates. The diffusion head 64 allows the bonding agent to be delivered
into the interfacial spaces between the cementitious core and the metal plates.
Preferably, the outlets 66 are radially spaced apart for even spreading of the bonding
agent. More preferably, the diffusion head 64 is configured to allow delivery of the
bonding agent into the interfacial spaces irrespective of which of the metal plates the
injection port is provided on or through. Even more preferably, the diffusion head 64 is

configured to restrict reverse flow of the cementitious material when freshly cast, to

prevent the cementitious material from re-entering and blocking the outlets 66.
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plurality of outlets 66 that are in fluid

comruni cation with the through hole 62 of the 15 stem
60. The holl ow stem 60 all ows the bondi ng agent to be
delivered through a hole in one of the netal plates.
The diffusion head 64 allows the bonding agent to be
delivered into the interfacial spaces between the
cementitious core and the nmetbd plates. Preferably,
the outlets 66 are radially spaced apart for even

$he beltiwmstenf 6( dvel theoddfusipn legd 64 maytheantepef etitalkehsh othére
di ffusion head 64 is configured to allow delivery of

Aerndfivélpttle AFfiag@Head B4 endyiBcludd £EEAN Bble FHACESing the hollow
irrespective of which of the netal plates the

kt@ﬂn%btth&@upt%ﬁﬂ ﬁol??@vl*ﬂé%}]lgal d&@l% Lﬁ%tg}ﬂpﬁg Hgﬁ%lg 70 at one

preferably, e di T fusion |gure

gedséfr the : %teﬁlletﬁgtrazeg %rf \éilcoml{}lé 18{1r§vgtthl thﬁﬁﬁ %&f The channels

terlal fromre-entering and bl ocki the outlets

are AR in b PTaRcaE D fh?elﬂwriah?yusfg%lﬂe'ﬁéé&néhe didfpsion head
be integral with each other. Alternatively, the
o whew therholewdstan 6fasysecwrst tel thealiffesion he¢adrfdl Bepending on the
securing the hollow stem 60 therein using a bolt 68.
fioeisihomls Idesiresit formadj Osting)th € leapthi feheinjoerien porfOthat define the width of
end of the stemthat are in fluid conmunication with

theRotdWaQltg Betier t&&woﬁﬁ&aﬁﬁl@t@@ ks %e&n%@d ﬁl'i(?veaihé Boil&w stem 60
fluid communication with the plurality of outlets 66

[ when the hollow stem60 is
g@%h?e QnEin&Hgm ?ﬂg?ﬁ%é ead 64. Depending on the
provi sions desired for adjusting the Iength of the
injection ports that define the wwdth of the core
cavlt% meen the two netal plates, as described

tthegehas Regn drrrdbed in sl foﬁ%%?"kﬁr Wt%tex%plary embodiments of
externally t hreaded. 10 Wil st there has been
‘he peeseaaventionhis wild be yodansooikby thiopt slohedinghpieghyology concerned
enbodi nent s of
that many variations in details of design, construction and/or operation may be made

without departing from the present invention. For example, although up to four injection
ports have been described in the exemplary embodiment, numerous injection ports may
be provided as the size of the composite structure to be formed may require. Also, it
may be desired that all the injection ports may be provided through holes in one metal
plate only. Alternatively, the injection ports provided for one of the metal plates may be
provided only through holes in that metal plate itself, or they may be provided only
through holes in the other metal plate. Various other combinations of provision of the
injection ports on both metal plates through holes in the metal plates can be envisaged.
The above method and apparatus for forming the composite sandwich may also be used

in conjunction with other features such as the overlapping metal shear studs or



the present invention, it will be understood by those
skilled in the technol ogy concerned that many
variations in details of design, construction and/or
operation may be made w thout departing fromthe
present invention. For exanple, although up to four
injection 15 ports have been described in the

exenpl ary enbodi nent, numerous injection ports may be
provided as the size of the conposite structure to be
¢ampetdrsipayvidehon the methlqdates and prajecting this iheadrd dwaity ak with
the injection ports nmay be provided through holes in
ihrsighstals webdedtat bothl ands bhto@hdmeta¥ playes. t he i nj ection
ports provided for one of the netal plates may be
provided only through holes in that netal plate
itself, or they may be provided only 20 through holes
in the other netal plate. Various other conbinations
of provision of the injection ports on both netal

pl ates through holes in the netal plates can be

envi saged. The above nethod and apparatus for form ng
the conposite sandwi ch may al so be used in
conjunction with other features such as the
over | appi ng netal shear studs or 13 connectors
provided on the netal plates and projecting into the
core cavity or with through studs wel ded at both ends
onto the netal plates. 14 CLAIMS 1. A nethod for
form ng a conposite structure, the nethod conpri sing:
providing a first injection port on a first netal

pl ate; spacing a second netal plate fromthe first
metal plate such that the first nmetal 5 plate and the
second netal plate define a core cavity therebetween;
casting a core of cenentitious nmaterial into the core
cavity; and
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i njecting a bonding agent through the first injection
port into an interfacial space between the core and
the first netal plate. 10 2. The nmethod of any one of
the preceding clains, further conprising: providing a
second injection port on the second netal plate before
casting the core of cenentitious material; and

i njecting a bonding agent thrblgh the second injection
port into an interfacial space between the core and
IaABMSond netal plate after casting the core of 15
cenentitious material. 3. The nmethod of any one of the
pr eced mgthell FrBrmingrat ddeHpoSi€RFicairélGhe MleMold GoRPrising:
further injection port on the first netal plate be?ore

cast i Nyt NEding R hist e GRITEIH I £H tlt[f]ﬁ{ea?‘[)ia?é'; and 20

i njecting a bondi ng agent throug urther

i njecti ort into the interfacial space, between.t

core an g&tcﬁlé F3°F %Q(P%Eagwa%l quné Zﬁ?ff t?rg} mS%EP]iansuF}\PQ@aEWB% st metal
of cepentitjous teria‘. 15. 4. The pethod of any

one oP af?%‘dﬁb%ﬁf’é?ap gretal platgdefipgarcorecaviip dperebawesn; st

and second netal plates are assenbled vertically or at

an i ncl Fasting esorsrofcgmentitiqusanaténial inte ithe epre caviitynampbr t

Is higher on the first netal plate than the first

i nj ect i dnjeqhiag ta,bonding apgertelubuglythiefasttinjediisigp@gind an interfacial
through the first injection port is performed 5 before

| nj ectpadg bethReh BiRoRdarRIBE firdt R Paté.he further
injection port. 5. The nethod of claim4, wherein

i njecting the bondi ng agent through the further
injection port is perforned only after the bondi ng

ggent Tl’lQ | %ﬁ}o%doftaplgl 8}{9& ’cthtc1 %rgcieéi%tg claims, further comprising:
providing a second injection port on the second metal plate before casting the
core of cementitious material; and
injecting a bonding agent through the second injection port into an interfacial
space between the core and the second metal plate after casting the core of

cementitious material.

3. The method of any one of the preceding claims, further comprising
providing a further injection port on the first metal plate before casting the
core of cementitious material; and
injecting a bonding agent through the further injection port into the interfacial
space between the core and the first metal plate after casting the core of

cementitious material.
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i njection port has |eaked through the further

injection port. 10 6. The nethod of claimany one of

the preceding claims, wherein spacing the second

nmetal plate fromthe first nmetal plate is controlled

by adjusting a length of the first, second or further
injection port that projects fromeither the first or
second nmetal plate into the cd?e cavity to define a

wi dth of the core cavity. 15 7. The nmethod of claim 6,
ther eiThe methes dfany ad¢ afthiepgedetimg| cbangs fwhereinyetherathy fivstend
of a threaded hole in the netal plate through which

t he i sjoead nwtal piutés dre assendiddedrticatly 0o bt A0inCMMNBE ok Bfirve, the
between the injection port and the netal plate, and a

vel degyriifep Hﬁ&gfé)hgi.&rtt@BYﬁQPOﬁ e fir%y Behi ﬂgteg%{r% %12 Hstliffection port,

.I‘
netal plate. The met hod of any o

precedi hg.cl.aj furt G risln ei.nf.orcing a

Por o £y iRl e en BB OB BB BoR e Rertgpmed
outer surface .of a netal |l afe. 16 .. The, net hod of

cl ai nP%tférWéﬁFBP%tb(efPé’n ’é’igr?gg?tctfui?&g% gﬁp&?@%‘s‘“ﬁé‘i‘%ﬂ PRyta
stiffening disc provided around the hole through which
the injection port projects. 10. The nethod of claim
any one of the preceding clainms, wherein the first,

§econdhe methodfafrctammrd, whieeein ingectipg the bandprgmgediatirough the further
through a hole in the first or second netal plate.

11.  Amhjédtjof poita8 p&@irnell Only dtic@elid BrthdhpeAi infkcRERbbugh the first
into a conposite structure, the

injection port has leaked through the further injection port.

6. The method of claim any one of the preceding claims, wherein spacing the
second metal plate from the first metal plate is controlled by adjusting a length
of the first, second or further injection port that projects from either the first or

second metal plate into the core cavity to define a width of the core cavity.

7. The method of claim 6, wherein means for adjusting the length include any one
of a threaded hole in the metal plate through which the injection port is inserted,
a bolted connection between the injection port and the metal plate, and a welded

connection between the injection port and the metal plate.

8. The method of any one of the preceding claims, further comprising reinforcing a
hole through which an injection port projects from an outer surface of a metal

plate.
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conposite structure conprising a core sandw ched
between two outer |ayers, the 10 injection port
conprising a hollow stemfor delivering the bondi ng
agent through a hole in one of the netal plates into
an interfacial space between the core and one of the
two outer layers. 12. The injection port of claiml1,
further conprising a diffusiolf head connected to 15
the hollow stem the hollow stem and the diffusion
tead Bbe¢ mgthod of iclaird 8, whemeimthe atinfoncifig comptiseseveldigg histffening
bondi ng agent into the interfacial space. 13. The
| nj ectlisopravided agdundlthé Hold Zhrougtewhich thdiajedtibh poit projbead
conprises a plurality of radially spaced outlets. 20
14. The injection port of claim13, wherein the holl ow
stem conprises a plurality of channels at one end of

e h [ in.fluid .
b e B Sk B ORGP PR B he shimatissin thfirst, second
di ffusipn, head. .17 15. The |njectiaon por f any one
of ol G WM NfegtiaTypork ey Hed s i Gring Sagt o becond metal
includes a central hole for securing the holl ow stem
t her ePlgte- 16. The i njection port of any one of clains
12 to 15 wherein, when the hollow stem 5 is disposed
ina holeinafirst of the two outer |layers and the
di ffusion head is provided on a second of the two
but er Ahayjestion gdefoh ij¢@ivg StRAUING a@bntShtold @hfdkite LARAIE the
to define a desired mﬁdtﬁ of the core between the two
out er \ laj-egtd f
ol af e RIS s B0kl CoR YRR chEh b RFo Bhter ayers, the
ext er ﬂ?e!ckan %Frrt t%ﬁ%%ﬁs\ﬂ%é’ rg &1{%@?\9 U9t dteﬁ\r/een%%qge Qgrlld?ngl Qgent

ei t her“one

through a hole in one of the metal plates into an interfacial space between the

core and one of the two outer layers.

12.  The injection port of claim 11, further comprising a diffusion head connected to
the hollow stem, the hollow stem and the diffusion head being in fluid

communication for delivering the bonding agent into the interfacial space.

13. The injection port of claim 12, wherein the diffusion head comprises a plurality

of radially spaced outlets.

14, The injection port of claim 13, wherein the hollow stem comprises a plurality of
channels at one end of the hollow stem, the channels being in fluid

communication with the plurality of outlets on the diffusion head.



| ayers or for engaging a bolt. 18. A conposite
structure conprising: a cenentitious core sandw ched
bet ween two outer netal layers; 15 a layer of a
bondi ng agent between the cenentitious core and at _
| east one of the outer netal |ayers; and an injection
port at the layer of the bonding agent for delivery of
the bonding agent into an intérfacial space between
the cementitious core and at |east one of the outer
h®t al Thaygedioafppberofeayg bnagf déintsh todrpwhereinahs diffusnitead
20 between the two outer netal |ayers.

includes a central hole for securing the hollow stem therein.

16.  The injection port of any one of claims 12 to 15 wherein, when the hollow stem
is disposed in a hole in a first of the two outer layers and the diffusion head is
provided on a second of the two outer layers, the hollow stem is of sufficient

length to define a desired width of the core between the two outer layers.

17. The injection port of any one of claims 11 to16, wherein the hollow stem is
externally threaded for engaging a threaded hole in either one of the two outer

layers or for engaging a bolt.

18. A composite structure comprising:
a cementitious core sandwiched between two outer metal layers;
a layer of a bonding agent between the cementitious core and at least one
of the outer metal layers; and
an injection port at the layer of the bonding agent for delivery of the
bonding agent into an interfacial space between the cementitious core and at
least one of the outer metal layers after casting of the cementitious core in

between the two outer metal layers.



