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1 A METHOD AND APPARATUS FOR FORMING A
METAL-CEMENTITIOUS CORE-METAL COMPOSITE SANDWICH
STRUCTURE TECHNICAL FIELD 5This invention relates generally to a
method and apparatus for forming a composite structure, and relates

more particularly, though not exclusively, to a method and apparatus for
forming a metal-cementitious core-metal sandwich panel, which may be
aligned vertically, horizontally, inclined or curved, for carrying or resisting
apVEUITHAR . AINIBA ERGEROUINTFO RONMRMIENGeAaMETEDTBMENTITIOUS
core-metal sandwich typically comprises two metal sandwiching plates

with a core SORIRMETISduUE OTHtB S ITH QAN DSH HOBF STRWEFU RHIS is a
more effective use of metal as thinner metal plates may be used to

achieve a 15similar load carrying capacity, in particular bcnding capacity,
compared to a metal panel of equivalent metal thickness but that does not
R HNHAAWiERBY. Bore therein. This is because the sandwiched core

can act integrally with the sandwiching plates to increase the leverage
DetinéeretHeneeision sandrebriore ssedind enusapp anatun &ra fpiatio dra loerngivrite
while the sandwiching plates confine the cementitious core in

cHRMHEaSIBR retrdee BYopONmtiadsitg the wehdeberphgivelyatity rrhod and
metal-cementitious core-metal sandwich panel typically has structural
APPREAHDIY HOTHE SIS HEFSH BN EII GPaF dRIRS SaREMH N BTah aneh may be

vessels and as ice belts in offshore structures. .
aligned vertically, horizontally, inclined or curved, for carrying or resisting applied

loads.

BACKGROUND

A composite 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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To form the sandwich, the cementitious core is commonly pre-cast as a
panel using dismantleable and removable casting formwork, followed by
bonding a metal plate to each face of the resulting cementitious panel

after removal of the formwork. Alternatively, the metal plates may be
assembled to define a core cavity therebetween, 5followed by casting the
cementitious material into the cavity, with the metal plates acting as
formwork for encasing the cementitious material during casting. Such
sendwicithp sardsyiditltbe gbnidettifos gseeiis aonideninge-chstasctpeak] using
applications, are vulnerable to interfacial slip between the metal and
cHsnentisebls ende anelibtaravibe dtiny aftHelneted bidbendiven lnathhgiate to
because of the naturally poor bonding between cementitious core and

R e rishy seouldinmpam entiidhartacizironding abeftisedooh werk.
chemical adhesive have been introduced to bond the metal plates to the
chlisariticls Bsrargtdweisrmpebeaamordeprodesiers processifotittiebigween,
time consuming because the eementit ous core has first to be pre-cast in
ddlqyaty reHnbike saBiigHyanEsiabiatg hroesstesihabrimasahplates
void-free and uniform adhesive interfacial layer. Alternative sandwich

Grtieg reSonave Bekn piepdetessmabineewierdbingasetirshear

studs or connectors provided on the metal plates and projecting into the

core 20cavity prior to casting the cementitious material into the cavity

aroynd the metal studsor = , , o
Such sandwich panels, although ideal for use in a wide range of structural applications,

are Vulneréble to interfacial slip between the metal and cementitious core and local
buckling of the metal plate under loading because of the naturally poor bonding
between cementitious core and metal 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
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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 3 connectors can still occur
because of a lack of a continuous bondibetween the metal plates and the
cernentitious core. SUMMARY 5 The invention aims to provide a new and
csefettore thwmcsdh d apparatusdor folmingfa comiposiie isinddisrecdhte metal
composite structure preferably comprises a core sandwiched between two
plates layidis: Fheechtewnayrbe of a cementitious material such as concrete
and the two outer layers may be metal plates, such as steel. 10In general
tetius, the present invention proposes that a bonding agent may be

injected into the interfacial space between the core and at least one of the
SURINEABE 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
injedtivenpornt aay th@prddivedetiraulhsafhiotecthafl ershpusirague tte ftayeng a
15 The injection port preferably comprises a hollow stem connected to a
erusticidagturaiclheltommeing sinecthee diftfiidn heermiteprafaraidpdwiched
fluid communication to allow a bonding agent such as epoxy to be

Beiwese Hth tigHaisesof iscoutereaperel mermerttighstiatetpé gfich as concrete
necessary) into the interfacial space between the core and the same 20or

B e o Sitg deaters aasr e metal plates, such as steel.

In general terms, the present invention proposes that a bonding agent may be 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 %hat 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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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 4 through only one of

the outer layers, wherein some of the injection ports are extended through
the core to the interfacial space betweehn the core and the opposing outer
layer, where desired. 5The injection port may further serve to space the
tworgtoondy taparsthpeavtdvlayastingtieicormthel isanjetiongriotstare extended
injecting the bonding agent. Injecting the bonding agent into the composite
thaeierbidle wisug e ipjBsiidrpree detresytthersoth endoinpois actiorwflayer,
the sandwich panel as the bonding agent fastens the 10outer layers onto
Wheteatesiggrally, preventing delamination of the bonded outer layers

from the core when the panel is being loaded during use. Injecting the
bonding agent after the composite sandwich has been formed also
eliminates the need for separate formwork to pre-cast the cementitious
TordniFriomrrsBAY igrsE STt (IayRsEs FHENROHrs Jaxsiscaet By gesting the
present invention, cementitious material can be directly cast into the core
a6ty eI Rasy RHeT tRd TS g e plisER_Rection of the bonding

agent. The present invention is also compatible for use with other
strengthening features such 20as the overlapping metal studs or

connectors, or through welded studs provided on or .
Injecting the bonding agent into the composite sandwich through the injection ports

strengthens the composite action of the sandwich panel as the bonding agent fastens the
outer layers onto the core integrally, preventing delamination of the bonded outer layers

from the core when the panel is being loaded during use.

Injecting the bonding agent after the 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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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; 5 spacing a second
metal plate from the first metal plate such that the first metal plate and the
second metal plate define a core cavity therebetween; casting a core of
cementitious material into the core cavify; and injecting a bonding agent
through the first injection port into an interfacial space between the core
spRtigAiretand b platats roseberfi Spediiobtpressi droththBrinveritioplde and
an injection port for injecting a bonding agent into a composite structure.
ke esmpasitel st dplnesraprisesy cbrecbahvewitedtibetween thocowsitious
layers. The injection port comprises a hollow stem for delivering the
Botdiabialgehe s rgriEyneie iniesinspthendingn gsiatduomgh dbeifitsrfagiation
10space between the core and one of the two outer layers. A third specific
BRErEeivm BrtiRe ith @i R 5 e Sothp eitaastthe fistooaiprbite 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
quter metal layers; and an 15 injection port at the layer of the bonding
Q¥HPRST SRARERPHPITREIBOAGMG MYEHENH 4R RtesRasiapspiedniratingen

he cementitious core and, at least one of the outer metal layers after

8§§H§ BETHE RO SATRRITYL S U e dRs STt TR HIn spaIEy Y8, core
BRIEF CRIPTION OF THE DRAWINGS 20In order that the invention
ﬁ%gyvf)lg%l

URGELTER G BRI FSily HUISEE Rt spmrEsetidie maptem for
be d ibed b f dimitati I I |
A A SR e SRR

illustrative drawings.
space Bl N Re and one of the two outer layers.

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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6 In the drawings: FIG. 1A is a schematic perspective view of a first metal

plate provided with holes; FIG, 1B is a schematic perspective view of the

first metal plate of FIG. 1A with an injection port inserted through each

hole; 5FIG. 1C is a schematic perspective view of the first metal plate of

FIG. 1B and a second metal plate defining a core cavity therebetween;

FIG. 2 is a schematic sectional perspecgive view of the first and second_

metal plates of FIG. IC with cementitious material cast into the core cavity;

FChe3daisghiematic sectional perspective view of the metal-cementitious

core-metal 10sandwich of FIG. 2 having bonding agent injected into an

interfadiad speloerbeivsesptics wementifias soreahpl thepfissi todtaitpladtes;
and an interfacial space between the cementitious core and the second
mial Bléte; sFhemaidcigeasperiérnaiicrcrdsbesiotionablside e W I6E. the with an

metal-cementitious core-metal sandwich of FIG. 3; 15FIG. 4B is a

schematiej e¥oes Rut iistsaleditdheanighveatahaditernative embodiment of the

metal-cementitious core-metal sandwich of FIG. 3;

FIG. 1C is a schematic perspective view of the first metal plate of FIG. 1B and a second
metal plate defining a core cavity therebetween;

FIG. 2 is a schematic sectional perspective view of the first and second metal plates of
FIG. 1C with cementitious material cast into the core cavity;

FIG. 3 is a schematic sectional perspective view of the metal-cementitious core-metal
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 1s 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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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
20metal-cementitious core-metal sandwich of FIG. 4C; FIG. 5A is a
schematic cross-sectional view of the metal-cementmous core-metal
sandwich of FIG. 3 with a first embodinient of a provision for length
adjustment of the injector port; 7 FIG. 5B is a schematic cross-sectional
ViKw 0B thser srbtahaentertitieus cnieqdnetal SandetithcahEdGH Giwvidte-metal
reinforcement around the holes through which the injection ports are
provideaPi@i GO {FEs chertiatiinfoossrsat tional d/ikwhol dheéhrough which the
metal-cementitious core-metal 5sandwich of FIG. 3 with a second
embodinfgptisirapprevisianduidishgth adjustment of the injector port; FIG.
6A is a schematic top perspective view of an injection port; FIG. 6B is a

§tReAfafit bhemape wpectveiotelwidthef ihieotion won oftFElBs 6drcanetal

FIG. 6C is a schematic exploded assembly view of the injection port of

FIG. 6B sandwich of FIG. 3 with a second embodiment of a provision for length
adjustment of the injector port;

FIG. 6A is a schematic top perspective view of an injection port;

FIG. 6B is a schematic bottom perspective view of the injection port of FIG. 6A; and

FIG. 6C is a schematic exploded assembly view of the injection port of FIG. 6B.

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. 14, 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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10 DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS A

method and apparatus for forming a composite structure will now be

described with reference to the accompanying figures. 15As 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 platg 10. Preferably, the holes are

provided at intervals of about 300n to 600mm in the first metal plate 10. A

Pl adifyecobidemtical (njexniors port hidink2fed 8ol 40 asefitkemangetad 10 such
through the holes 11, 12, 13, 14 respectively, as shown 20in FiG. 1B, and
tujustainly fastededdel thiptfirzd mekadiflate] 10 .ckaehdiniesticle potiid4eibasurface
a hollow stem 141 and a diffusion head 142. The holes 11, 12, 13, 14 may
belthfehd Sdsomste plathdieshdebfngdingheadhefdesicednmerns for 130 are
adjustably fastening the injection ports. 8 The injection ports 110, 120,
pevidebearthértbeesidthsocfgtethel fir§thm état platel plsuchwhdeweedifision
second metal plate 20 is positioned as close as possible to the inside

Beefhace! i0gcHpehieofisst 20etdDpleteneidheé diffusiosibead$ot Réatitthe second
ports 110, 130 are provided on the the inside surface 101 of the first metal
platd P Rleanheheiffusidi GhbadEhss mpsctioagporrsd bY hadd @teepngsdtied ports
on the inside surface 201 of the second metal plate 20, as shown in FIG.

189, TRls mnigchE rrheviagi g malvier) thb ahjbetiont posts! phoe 190ntwdjectore
from the inside surface 101 of the first metal plate 10 into the core cavity
faVibivar R shorsambrar vl R sarbeithe inisction potss1200] 4dgerve to
serve to space the second metal plate 20 away from the first metal plate
ilgﬂo?ﬂéefm{g@tﬁkﬂ@te 20 away from the first metal plate 10. The first metal plate

10 and the second metal plate 20 as shown in FIG. 1C thus define a core cavity 15
therebetween into which the cementitious material is to be cast. The hollow stem of
each of the injection ports 120, 140 should be of sufficient length to define a desired

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 assembléd, 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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1010 and the second metal plate 20 as shown in FIG. 1C thus define a

core cavity 15 therebetween into which the cementitious material is to be
cast. The hollow stem of each of the injection ports 120, 140 should be of

sufficient length to define a desired width of the core cavity 15. 15After the
injection ports 110, 120, 130, 140 have been installed on the first metal

plate 10 and the two metal plates 10, 29 have been assembled,

cementitious material 30 such as concrete is cast into the core cavity 15
betwettioihectnodmetdl thtates ddsui2toas shendrdoliad 206G 0 to create a
composite metal-cementitious core-metal sandwich 100. 20When the
bemientitiees therederhak attaine d(saiticieniatangibiaa erding@@enterfacial
such as epoxy is injected through the injection ports 110, 130 into an

e cidspacehitwidnitie geofehtitonsicater3@ andithevinsicecswfaceus
101 of the first metal plate 10 to create a bond between the cementitious
ower80. and the first metal plate 10. A bonding agent is also injected

through the injection ports 120, 140 into an interfacial space between the

9 cementitious core 30 and the inside surface 201 of the second metal

plate 20 to create a bond between the cementitious core 30 and the
dbesandmistal plafere dnchideirdifstdiabdparesardd hstersestiiedirst metal plate
shrinkage of the core 30 during casting of the cementmous material. S
Thenshihgwierendtouneoind0desia fiesohdhdindplalase? 20betiveen thesfirstd
metal plate 10 and the cementitious core 30, and a second bonding layer
pptrbiliie 2 and the comertidritate 30 drdithy camntitiodsctdrecd0 bEoveen
improve the interfacial bond between the metal plates 10, 20 and the

Hisriagiy Ripkes19180 206 thasperdivalaviers HSidQueknsst kdL.0he 2Gidefsurfaces
the metalfplates 10, 20 may be roughened by sandblasting prior to
A85etfibipicheracihriaan! é@%%aﬁﬂh@f%a&ha@@iwmmmgrmmembly
prior to injection of the bonding agent besides keeping the inside surfaces
et e Y P e CO DT RRAEAHPRAY PSS ey alseRes of the
hat may adversely affect the adhesion between the bonding agent with

0 VBRI OGS CorEesD ah e ieiistatsd 4b, 28, 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 injec“ced
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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15 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 20through the next
higher injection port 140. For a large papel of a composite sandwich 100
provided with many injection ports, the injection process is continued in
Wasarthe wagwicislotéshiieiythightulivjactioomptis 1ndiitbe iftdefacialing
space between the cementitious core and the metal plate has been
egenplemisiérbbtedfitnbod pelingndgbnthd0gW herethie sanewiahpbog is a

laid substantially horizontally, injection of the bonding agent is preferably
perfbrmeshsequentially through successive injection ports in a similar
manner. 5FIG. 4A shows a cross-sectional side view of the sandwich of

FIG. 3. As can be seen, both the injection ports 110, 140 are provided
through holes 11, 14 respectively in the first metal plate 10, as described
EHdidA Ishawsiterpsitiseceonbodiln sivvasishowaniwikiGo ZBGhe decmnde seen,
injection port 140 may be provided through a hole 24 in the second metal
pritethoimettian PrriBdt et edtrmemisieththitiglsior] dsddd IR gkt dlpsin the
injection 10port 110 is provided on the first metal plate 10 while the
distmsialidae 190 fgseridsdndinjdanayernainG ienprodicetten thewn in FIG.

second metal plate 20. '
4B, the second 1njection port 140 may be provided through a hole 24 in the second

metal plate 20 instead. In both embodiments, the diffusion head 112 of the first injection
port 110 is provided on the first metal plate 10 while the diffusion head 142 of the

second injection port 140 is provided on the second metal plate 20.

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 1172 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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Although the method outlined above with reference to FIGS. IA to 4B
describe the formation of a composite metal-cementitious core-metal
sandwich having two bonding 15layers 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 {he injection port 110 is only
provided on the first metal plate 10. The injection port 110 may be

(Fovitjest taroUghya Mole. 2aishhessaepnekmriabpatesd0d iiRs 4€) 17 in the metal
through a hole 11 in the first metal 20plate 10 (FIG. 4D). In all the above

efabotimentshibk paciagsehithe secpdongtal HiateR@dram thelfitshay be
metal plate 10 may be controlled by adjusting the length of the injection

pditsttidy projectifronf BGnietatiplatgeiniontberaorecavityate siefinedheiwidihaded
of the core cavity 15. 11 To adjust said length, FIG. 4A shows the

provision of4hrbatiedshtlesid sitnbin hbeesidtal platehd thssdpMUCHD and are
threaded sterns 111, 141 of the injection ports 110, 140 may be

adjusiatily festewé to thefi@tabalatheé InjectidhotoAs0l Xtctdiasty piovidach in FIG.
with threaded stems 111, 141 that pass through simple holes 11, 14 in the
rletdhpiaiectionapettark! Sati(stabylyifaste hedvtdditb3netalidatehDpisingo after
bolts 310. Alternatively, as shown in FIG. 5C, the injection ports 110, 140
Rfyssingphetsenasiden E30etmeted phestal 18128 dorafterssetiustingithiboles 11, 14 in
separation of the metal plates 10, 20 during assembly. The holes 11, 14 in

fihe e A onavalfihanbe minforshorbaavisldingl R gs B Eerstiffeinigrg3 20 around

rings 320 around the holes 11, 14, as shown in FIG. 5B.
the holes 11, 14, as shown in FIG. 5B.

As shown in FIGS. 6A-C, each injection port 110 preferably comprises a hollow stem
60 having a 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 boﬁding
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.




10 As shown in FIGS. 6A-C, each injection port 110 preferably comprises
a hollow stem 60 having a 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 15stem 60. The
hollow stem 60 allows the bonding ageqtzto be delivered through a hole in
one of the metal plates. The diffusion head 64 allows the bonding agent to

b i i i o t th titi d
?@H&!ﬁé@%ﬁ%’é@%ﬂ@%@,t s?@@ﬁ%%slt?%‘%a%g%e &I‘fgﬁe@e\{}l{ﬂge” ek

ach of
the metal plates. Prefe e ou ra spaced apart for

evensRIRAdng. ofithghanding @91%@% Mapre g{%@%&f}%&%‘ﬁ%&{gﬂ ght%%qlollow

64 is configured to allow delivery of the 20bonding agent into the

inderiagphRpanssitEesnes e lovieh iing &b LAlGS 108 JUSEERM o 4t one
ra Py}/),thes [ ea

i
port is provided on or through. Even more prefe usm%ﬁh

6418 somfiauwedia: restictrayerse.flow.ih %V%W%'H@fg g3 ’%ﬂ:e&annels

freshly cast, to prevent the cementitious material from re-entering an

blogkiag theioutiels §amdd Rhsholawstem-88-vod ihedifysiandieashfd | nead

may be integral with each other, Alternatively, the diffusion head 64 may

insludad eantealhelefarssecutng drehgliovystesn ﬁQameb‘edHéHa%@ STol

68. The hollow stem 60 may comprise channels 70 at one end of the stem
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570 are also in fluid communication with the plurality of outlets 66 on the
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head 64. Depending on the provisions desired for adjusting the length of
theniisjeetindy pottsetbateaefinathaidth of

Whilst there has been described in the foregoing description exemplary embodiments of
the present invention, it will be understood by those skilled in the technology concerned
that many variations in details of design, cons{ruction 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 providedvas 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
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the core cavity between the two metal plates, as described above, the
hollow stem 60 may or may not be externally threaded. 10 Whilst there
has been described in the foregoing description exemplary embodiments
of the present invention, it will be understood by those skilled in the
technology concerned 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 15ports have
beerdesgstoedia tietexersplasi e QD kALY USRS ctieRyRIMSith
may be provided as the size of the composite structure to be formed may
tiequirk stldowitl dedybeotesitéddiattall thednjgeiion 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 20 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 he used in conjunction with other features
such as the overlapping metal shear studs or 13 connectors provided on
the metal plates and projecting into the core cavity or with through studs
welded at both ends onto the metal plates. ki(11811P 14 CLAIMS
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An injection port for injecting a bonding agent into a composite structure,

the composite structure comprising a core sandwiched between two metal s 511p

plates, the injection port comprising a hollow stem for delivering the
bonding agent through a hole in one of the two metal plates into an
interfacial space between the core and one of the two metal plates, the
iRjectigngoort further comprising a diffusion head connected to the hollow
stem, the hollow stem and the diffusion head being in fluid communication

fqr delivesingethe bpnding agenh o theiintestatcialspacphereinibre, the
diffusion head comprises a plurality of radially 10 spaced outlets and
whereirdas hollonsiem comptisasacpieralitnof chismelsatoneendpbiies, the
the hollow stem, the channels being in fluid communication with the
pluralityirgéaisthepsronctherdifiig sidnl heasc 2. Thvel shjesiiontipobbof tigkpeid.
wherein the diffusion head includes a central 15hole for securing the hollo
stern thésreirghThizolnjectionopdre oF ¢laitrliplaph énedranvirierfatiel iptksvbstesen
is disposed in a hole in a first of the two metal plates and the diffusion
head ispeovitendbarg sEBuHoyoNpe Ny hdbal piasEsn I HEIGW seaprising a
of sufficient length to define a 20desired width of the core between the two
metal praféss.w%ﬁédiﬁj@@ﬁsw%@r%@aﬁw fiemaiarRa Mestianany Sheh fision
externally threaded for engaging a threaded hole in either one of the two
metal p%b(?l‘%llrbﬂb'ggqﬁlara%ﬁtmn for delivering the bonding agent into the

interfacial space, wherein the diffusion head comprises a plurality of radially
spaced outlets and 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.

2. The injection port of claim 11, wherein the diffusion head includes a central

hole for securing the hollow stem therein.

3. The injection port of claim 11 wherein, when the hollow stem is disposed in a
hole in a first of the two metal plates and the diffusion head is provided on a
second of the two metal plates, the hollow stem is of sufficient length to define a

desired width of the core between the two metal plates.

4, The injection port of claim 11, wherein the hollow stem is externally threaded
for engaging a threaded hole in either one of the two metal plates or for

engaging a bolt.



