24 November 2006 -1 REINFORCED STRUCTURAL STEEL DECKING FIELD OF THE
INVENTION 5 The present invention relates to structural steel decking panel2é4mbvepaivte@ao
structural steel decking panels constructed from profiled steel on which concrete is poured to form
composite slabs. 10 BACKGROUND Structural steel decking panels serve a dual function when used
in the construction of composite steel/concrete floor slabs-The panels act as structural 15 formwork
by supporting building materials and personnel before the concrete hardens. After the reinforcing steel
(bars and/or mesh) has been laidRESNEICREED G FBYCRUVRALOHERIe RECKINR|S, and once the
concrete reaches sufficient compressive strength, the decking panels act as 20 main reinforcement by
interacting with Wo so for the remainder of the life of a building.
Structural steel 25 from flat steel strip into long panels of uniform
cross- section. Decking panels are principally distinguished by differences in their cross-sectional
shape or prdfile. The profiles w$grd Mewlmmd@yﬂeﬂeﬁémm fero indanes tizpezidaldlecks

like Fielders Stee&é@gﬂqgrssrﬁ%gdg $|ej_gl é{ﬁg@ gzg ankgql_‘égg_e Fig. 1)

versus decks with "close e F| ers ee Fig. 2), ey a ave one factor in
common: the noﬁﬁﬁ&%ﬁ&kﬁé@&ﬁhﬁ%‘éﬁﬂ&? IR %‘aﬁalﬁ% sibfiRlp&imétet Riso,
roll-forming machinesaet @S dsl\pdesigredtto Histedsheeting eipsd edigain maximum thickness,
typically 1.2 mm and always not exceeding 1.6 mm. This significantly restricts the maximum flexural
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BACKGROUND

Structural steel decking panels serve a dual
function when used in the construction of composite
steel/concrete floor slabs. The panels act as structural

15 formwork by supporting building materials and personnel
before the concrete hardens. After the reinforcing steel
(bars and/or mesh) has been laid, concrete is poured on
top of the decking panels, and once the concrete reaches
sufficient compressive strength, the decking panels act as

20 main reinforcement by interacting with the concrete, and
continue to do so for the remainder of the life of a

building.

Structural steel decking panels are roll-formed
25 from flat steel strip into long panels of uniform cross-
section. Decking panels are principally distinguished by
differences in their cross-sectional shape or profile.
The profiles used in the world today are very varied, for
instance trapezoidal decks like Fielders Steel Roofing Pty
30 Ltd’s (Fielders’) KF70 and KF225 with "open ribs" (see
Fig. 1) versus decks with "closed ribs" like Fielders’
KF57 (see Fig. 2), but they all have one factor in common:
the nominal thickness of the sheeting is constant around
the profile perimeter. Also, roll-forming machines are
35 only designed to roll steel sheeting up a certain maximum
thickness, typically 1.2 mm and always not exceeding 1.6

mm. This significantly restricts the maximum flexural



2 stiffness and ultimate strength of a deck with a set geometry. Some decking panel manufacturers
modify the 5 decking panels they produce once the panels have been roll-fo2dedoVésbed@Decto
improve their functionality or structural performance. Important aspects of structural performance are
10 flexural stiffness and ultimate strength. Flexural stiffness affects the magnitude of vertical
deflections, in particular under the weight of wet coneré2e—The moment capacity and shear capacity
of critical regions affects ultimate strength. 15 It is known to modify a roll formed decking panel by
attaching a flat sis¢atffiresst aznsbstheiamire bateegiahb pafichtodenk avidetiukar sletk”. This is done
to create closed gelim&rthe passage of sensitive building 20 services, in particular electrical cabling
for computers, thus giving rise to so-called -electrified floors". However, whilst the flat steel sheets
improve flexural stiffness and ultimate strength, the -cellular decks" do not provide optimum structural
efficiency. Furthermore, 25 in &95iR a886% i@ r@anslamaitfaglivee ks dapiig YetEhRey are not a
cost effective deeldrg ihiy puakiest elise iprsdwsdoqieydelre dpakisy panelthabdas improved

structural performance i ms Qf f | Ss an t h Y legst some
of the problems e;iccﬁbgggl%%%re S%&%A%%Y%%EH%%N%%%‘??C?N%%%% Eﬁgﬁfgﬁﬁ?& tE the

invention there iLHrEhFdAIEEERLIREFHREMERF g panel for supporting wet concrete and
subsequently reinforcing the concrete 24 November 2006 3

Important aspects of structural performance are
10 flexural stiffness and ultimate strength. Flexural
stiffness affects the magnitude of vertical deflections,
in particular under the weight of wet concrete. The
moment capacity and shear capacity of critical regions
affects ultimate strength.
15
It is known to modify a roll formed decking panel
by attaching a flat sheet of steel across the entire base
of the panel to form a “cellular deck”. This is done to
create closed cells for the passage of sensitive building
20 services, in particular electrical cabling for computers,
thus giving rise to so-called “electrified floors”.
However, whilst the flat steel sheets improve flexural
stiffness and ultimate strength, the “cellular decks” do
not provide optimum structural efficiency. Furthermore,
25 in applications where they are not required for cabling

etc, they are not a cost effective decking.

It is an object of the invention to provide a
decking panel that has improved structural performance in
30 terms of flexural stiffness and ultimate strength and

avoids at least some of the problems described above.

SUMMARY OF THE INVENTION

35 Broadly, according to the invention there is
provided a structural steel decking panel for supporting

wet concrete and subsequently reinforcing the concrete



after it has hardened, the decking panel including: (a) an elongate profiled steel sheet having a top
side and an underside; and 5 (b) a plurality of elongate reinforcing members @dnNeetadiiertkeGheet,
and (c) wherein the strength of the longitudinal 10 shear connection, as described herein, between the
sheet and the reinforcing members is sufficiently high to resist longitudinal shear failure between the
reinforcing members and the sheet when the decking panel is subjected to top loading with
construction loads and wet concrete. 15 The decking panel of the present invention is selectively
reinforced in are@firewhith thee ibandsatedor ltigkedstrkatngl parfedmancd irdienas of flexural
stiffness and ultimate strength, particularly when the 20 decking panel is subjected to top loading with
construction loads and wet congcrete. One q{the kﬁeg featl%e o&th%de%king gggekof the present

invention, as described above,‘.fl thafthe™s ?élrﬁﬁ of fie ﬁgﬁudiﬁafa% eSr connetlon between the

sheet and the reifRRcif IS @RfhiRs RRSsTSieARy hitfito resist longitudinal shear failure between
the reinforcisgg members and the sheet when the decking panel is top loaded. This is an important

feature because it facilitates higg?r stgg%;ul]?ggg%n%;ngpcglgﬁr gH@rlX&q’%@giq’?h%e@@ is 30

subjected to top loading with constructio wet concréte. The term "stren
longitudinal sheaf Bt RGNtS U rsth68her@R% mean the strength of 35 the connection
between connected elements, such as the sheet and the reinforcing members, to resist longitudinal

shear in response to Iongitudin@é)she%fg%getgqétg:[:@égég\ﬂp\@fnQq{eZO%gitudinal
10 shear connection, as described herein, between the sheet
and the reinforcing members is sufficiently high to resist
longitudinal shear failure between the reinforcing members
and the sheet when the decking panel is subjected to top
loading with construction loads and wet concrete.
15
The decking panel of the present invention is
selectively reinforced in areas in which there is a need
for higher structural performance in terms of flexural
stiffness and ultimate strength, particularly when the
20 decking panel is subjected to top loading with
construction loads and wet concrete. One of the key
features of the decking panel of the present invention, as
described above, is that the strength of the longitudinal
shear connection between the sheet and the reinforcing
25 members is sufficiently high to resist longitudinal shear
failure between the reinforcing members and the sheet when
the decking panel is top loaded. This is an important
feature because it facilitates higher structural
performance, particularly when the decking panel is
30 subjected to top loading with construction loads and wet

concrete.

The term "strength of the longitudinal shear
connection" is understood herein to mean the strength of

35 the connection between connected elements, such as the
sheet and the reinforcing members, to resist longitudinal

shear in response to longitudinal shear force generated by



4 an applied top load and, therefore, is a measure of the ability of the connection to resist longitudinal
shear. In some situations it is preferable that there be 5 complete shear conngdtidoyesides@0igéd
herein, between the sheet and the reinforcing members. The term "complete shear connection" is
understood herein to mean a condition in which the moment 10 capacity of a vertical cross-section of
the decking panel is not governed by the strength of thedlongitudinal shear connection between the
connected elements. In other situations it is sufficient that there 15 be partial shear connection, as
described hereingbe@rphi¢dk tiogetlapridhandinfiriogrcefienterd.sTle reasipeetiad Shehe

connection” is ungsidteed Rereihlo mean et sifianin el tha siymenisapatitsRE20.a
transverse cross-section of the decking panel is governed by the strength of the longitudinal shear
connection between the connected. Preferably the shear connection between the sheet 25 and the
reinforcing members is at leastBOSPERhE LEMRBRARShédr dohrirease nablepidigtabhheresiear

connection Betwessinfibe tBeehaiit theoithdeing Mmensbeis s& ol loadt A%e=afrihebad weeplete shear
connection. Pref rﬁlglyst{_]‘géh isaq,pén@ﬁge i &qggg%ﬁ%dﬁgg@%@sherein, between the sheet and the
n

reinforcing members. 35 The term -complete Interaction” Is understood herein to mean a condition in
which there is no 24 November 2006 5 significant longitudinal slip along the interface between
connected elements, i.e. the sifeet aktine"reodpioitg shear connection” is

understood herein to mean a condition in which the moment
10 capacity of a vertical cross-section of the decking panel
is not governed by the strength of the longitudinal shear

connection between the connected elements.

In other situations it is sufficient that there
15 be partial shear connection, as described herein, between

the sheet and the reinforcing members.

The term "partial shear connection" is understood

herein to mean a condition in which the moment capacity of
20 a transverse cross-—-section of the decking panel is
governed by the strength of the longitudinal shear

connection between the connected.

Preferably the shear connection between the sheet
25 and the reinforcing members is at least 30% of the

complete shear connection.

More preferably the shear connection between the
sheet and the reinforcing members is at least 40% of the

30 complete shear connection.

Preferably there is complete interaction, as
described herein, between the sheet and the reinforcing
members .

35
The term “complete interaction” is understood

herein to mean a condition in which there is no



members, so the connected elements can be considered to act as a single, reinforced composite
element when 5 determining flexural stiffness and calculating vertical deflecti@dsNBvetatadl R 005
reinforcing members are connected to the underside of the sheet. 10 Preferably the reinforcing
members are welded or glued to the sheet. Preferably the reinforcing members are elongate 15
members. Preferably the elongate members extend in & lengitudinal direction of the sheet. 20
Preferably the reinforcing members are in the form of a bar or rod or plate. Preferably the profiled
sheet includes topignii botantfldidlagesdimeconsktieedyngbtdlemente 2SRmedife-ambndiments

of the invention vdlh hRuche flestahed #xsomedurthaedinil withagéerenee e an¢sscildgtrated in the

accompanying figures. These embodiments are illustrative, and are not meant to.be 3Q restrictive of
the scope of the TRBRES DETATED GECRAIFHON CTSBRErEIRED ERBUURREt SO THe

INVENTION 35 Beferfsd empbgdents 6? ik prenados e asidiaied amgrtacdeftbanying
representations ia&ddetiizdi NgveEDeRG2806 & HFneckand s ey eobstsheioRalnid\wa Df prior art
structural steel d(a%l@%% pang éFig. 3 shows a cross-sectional view of a 5 structural steel decking
panel according to a first embodiment of the invention; Fig. 4 shows a cross-sectional view of a

Preferably the reinforcing members are connected
to the underside of the sheet.
10
Preferably the reinforcing members are welded or
glued to the sheet.

Preferably the reinforcing members are elongate

15 members.

Preferably the elongate members extend in a

longitudinal direction of the sheet.

20 Preferably the reinforcing members are in the

form of a bar or rod or plate.

Preferably the profiled sheet includes top and
bottom flat flanges interconnected by web elements.
25
Specific embodiments of the invention will now be
described in some further detail with reference to and as
illustrated in the accompanying figures. These
embodiments are illustrative, and are not meant to be

30 restrictive of the scope of the invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE
INVENTION

35 Preferred embodiments of the invention are

illustrated in the accompanying representations in which:



structural steel decking panel according to a second 10 embodiment of the invention; Fig. 5 shows a
cross-sectional view of a structural steel decking panel according to a third epabNdveemneaf 2006
invention; 15 Fig. 6 shows a cross-sectional view of a structural steel decking panel according to a
fourth embodiment of the invention; 20 Fig. 7 is a diagrammatic side view of the steel decking panel
of Fig. 6 with a support directly under the reinforced-aréa and the reinforcing members shown
diagrammatically to illustrate the general location (and length) of the members; 25 Fig. 8 is a
diagrammatic side view of the Bies$ .ddckimpa@n sl wig owih skeetdinforde v drseshetfveeni egpports

and the reinforcing-megthaisshenn diagsamawticallytelistiate the general location (and 30 length)
of the members; Figs. 9, 10 and 11 show cross-sectional views of further embodiments of structural

steel decking panels according to the invention; 35 Fig. 12 is a plot of applied load versus deflection
for test samples generated duBA¢ an4skeWEmBe £Z966 ~E b éArrthta vV i2f & evaluate the
invention; and Figtkhiscasales obaanriuag Cuy esHoseraledoddingthaoexpesimeial program. 5 A

first embodimente%lg%g_r}Xgﬂgo%p §lgl%wr1m‘ﬂg.i?&yyith this embodiment, the structural decking

Fig. 4 shows a cross—-sectional view of a
structural steel decking panel according to a second

10 embodiment of the invention;

Fig. 5 shows a cross—-sectional view of a
structural steel decking panel according to a third
embodiment of the invention;

15

Fig. 6 shows a cross—sectional view of a

structural steel decking panel according to a fourth

embodiment of the invention;

20 Fig. 7 is a diagrammatic side view of the steel
decking panel of Fig. 6 with a support directly under the
reinforced area and the reinforcing members shown
diagrammatically to illustrate the general location (and
length) of the members;

25

Fig. 8 is a diagrammatic side view of the steel
decking panel of Fig. 5 with the reinforced area between
supports and the reinforcing members shown
diagrammatically to illustrate the general location (and

30 length) of the members;

Figs. 9, 10 and 11 show cross—-sectional views of
further embodiments of structural steel decking panels
according to the invention;

35

Fig. 12 is a plot of applied load versus

deflection for test samples generated during an



10 panel 10 comprises a roll formed elongate steel sheet 12 having a top side 14 and an underside
16. The decking panel 10 is profiled and comprises top flanges 40, bottom fl24gdevkinber 2006
interconnecting web elements 44, and side edge formations 46 that enable adjacent panels to be
positioned 15 side-by-side in an overlapping relationship. The decking panel 10 comprises two
discrete elongate reinforcing members 20, each of whidh ts connected to the underside 16 of the
sheet 10 and extend 20 in the longitudinal direction of the sheet 12. The reinforcing members 20 are
connected to theskperifsot thht pragresubstaatalluedraplebe intaraetitd detwaard these
components under normal operating conditions. 25 With this embodiment of the invention, the
reinforcing members 20 are ¢ 'ndricqlgo%ss hgviggrai é:isrcglgr groa[sgﬁsel{:tion. ggéveveg I{ei]p;(%rgigg
members with a wide variety of Cross-3edtioral & apes may 5& empT‘O)%dc 1o sufsﬁemﬁc
manufacturing arftPrgésign t8guirstRemsmso tFih RIS ERABdiment of the invention, the reinforcing
members 2Qsare attached to the underside 16 of the sheeting 12 and are positioned in cavities

defined by ribs 48 in the top fl ngﬁ]&ég o&ﬁ%gﬁﬁgnjto JPet%%agggg%@gg iSiSéJC I{Q%Lthle_ﬁe is
es t

substantial contact between t eet 12 and the reinforcing members 20. The substantial contact
contributes to strBAgth of the shear 24 November 2006 8 connection between the reinforcing
members 20 and the sheet 12. In addition, the arrangement is such that the reinforcing members 20

cannot come into contact withyganeretg thabisRos g AP 10R RS tha pael JPa T hisamieans that there

are no potential problems ﬁ: reduction of the Ionﬂtugmal slip resistance of the decking EarBI after the

concrete harden®FithethofEIRE +&Rfording® ormed elongate steel shee

having a top side 14 and an underside 16. The decking

panel 10 is profiled and comprises top flanges 40, bottom
flanges 42, interconnecting web elements 44, and side edge
formations 46 that enable adjacent panels to be positioned

15 side-by-side in an overlapping relationship.

The decking panel 10 comprises two discrete
elongate reinforcing members 20, each of which is
connected to the underside 16 of the sheet 10 and extend

20 in the longitudinal direction of the sheet 12. The
reinforcing members 20 are connected to the sheet 12 so
that there is substantially complete interaction between

these components under normal operating conditions.

25 With this embodiment of the invention, the
reinforcing members 20 are cylindrical rods having a
circular cross-section. However, reinforcing members with
a wide variety of cross-sectional shapes may be employed
to suit specific manufacturing and design requirements.

30

With this embodiment of the invention, the
reinforcing members 20 are attached to the underside 16 of
the sheeting 12 and are positioned in cavities defined by
ribs 48 in the top flanges 40 of the panel 10. The

35 arrangement is such that there is substantial contact
between the sheet 12 and the reinforcing members 20. The

substantial contact contributes to strength of the shear



members 20 do not interfere with any of the normal construction operations undertaken on the top
side 14 of 10 the decking panel such as the placement of reinforcement and pduxiogeanidecd0paction
of concrete. In other embodiments of the invention (not shown), reinforcing members 20 can be
attached to selected 15 areas of the top side 14 of the sheet 12. The reinforcing members can be
continuous over the whole length of the panel 12 or alt@natively can be localised over short lengths
in selected locations in 20 order to improve economy or to avoid interference with the passage of
vertical building szovicesthwn dxehpienoftin ate hafingddcdisudmositiong 0aad ¢ rities of

reinforcing membg{e 20 arg shpynada diagsammatically bhigemént a0d Ssfdgiirerale ag@nsverse
cross-section that iIIus}:rates.the posj?%)ns of r inforcinq: members 20 a%ainﬁ]thg wel elements of the
n rc n C hg&

r?l (] 1n% me erf 2 c?n (®) Fom 1? o o a .

panel 12. The reinforcing members 20 éxiend part way aong%he ength of the's 2. Figure 7
illustrates an 30 &easFahenthathidls tRopssidorsoter hfSkmPanahbéfs-20 Fhé® Figure 6
panel are selectefdarie eveit SupRats 3@éombemanenttiglrept tbssalesan fempgemant sEwhich
the positions (ang jenafi) g bGatellle i NINISARING FIWE HRaNg e sgigrted 35 Lo be
between supports 30 for the panel. The reinforcing members 20 can be ma e?r a 24 November

2006 9 variety FTh&ErERSnEABMESAEMNFARAR ced TORTRRIRORStertlE FRIRRFERIRG
members 20 cannsmbitarsh e2i0iodbe noshéetx by varieus meang indluting glomgalvelding, screwing,

clinching, and cripping: Mhisuysferiskihat s einfaring Mambers 2t oesuglded g oupdyle the

sheet 12 in qgrder tog)roduce_ the )
10 the decking panel such as the placement of reinforcement

and pouring and compaction of concrete.

In other embodiments of the invention (not
shown), reinforcing members 20 can be attached to selected
15 areas of the top side 14 of the sheet 12.

The reinforcing members can be continuous over
the whole length of the panel 12 or alternatively can be
localised over short lengths in selected locations in

20 order to improve economy or to avoid interference with the

passage of vertical building services.

Two examples of panels having localised positions

and lengths of reinforcing members 20 are shown

25 diagrammatically in Figs. 6, 7 and 8. Figure 6 is a
transverse cross—-section that illustrates the positions of
reinforcing members 20 against the web elements of the
panel 12. The reinforcing members 20 extend part way
along the length of the sheet 12. Figure 7 illustrates an

30 arrangement in which the positions of the reinforcing
members 20 in the Figure 6 panel are selected to be over
supports 30 for the panel. Figure 8 illustrates an
arrangement in which the positions (and length) of the
reinforcing members 20 in the Figure 6 panel are selected

35 to be between supports 30 for the panel.

The reinforcing members 20 can be made from a



10 required connection. Attachment of the reinforcing members 20 to the sheet 12 can occur after a
roll-forming process for forming the profiled sheet 12. Alternatively, the sheet234 N@veanbsr gH0trced
(by attachment of reinforcing members 20) prior to roll-forming the sheet. As is indicated above, the
strength of the connection between the reinforcing members 20 and the 20 sheet 12 is important
when the decking panel is subjected to top loading wittPwet concrete. With the embodiments
described above and other embodiments of the invention, complete shear connection or partial shear
connection may existat ¥ cpficaiadress-sdstiomQbuRia@erstesilicairressrasoctesh” ¢oupdesteod
herein to mean apfgansyeEIesCross-section at which the ratio of design bending moment to design
moment capacity (or when designing for shear, the ratio of design shear 30 force to design shear
capacity) is a maximum. (This is the cross-section from which failure would emanate.) Longitudinal
shear failure can be avoided dTGRfig ¥ed RFRREIRS1MRRe BEIAE cenbrée hakdarhed Jeadibsting
the design lgads sheeriliealwfosasaction bty imethibi rejagualy ieyy praiad shgar connection.

Assuming that thg &g@;%%a%qw%{gg ,244}11(3’65%%:21%0 - 10 reinforcing members 20 acting
e en

alone is small compare ato omposite ele f the reinforcing members 20 and the
sheet 12 (as is the case for the preferred embodiments of the invention, but not necessarily for all 5
embodiments of the invention)Ithen she defiraereids hdaa tcarine ctiend ndepitrethig masdreatdy Agh (about
30% or higher). thqruise dhe feigharggoraehersaQuill agt Maksasionificapt-confrbutigi.to the

moment caf)acity of . )
0 required connection.

Attachment of the reinforcing members 20 to the
sheet 12 can occur after a roll-forming process for
forming the profiled sheet 12. Alternatively, the sheet

15 12 can be reinforced (by attachment of reinforcing members

20) prior to roll-forming the sheet.

As is indicated above, the strength of the
connection between the reinforcing members 20 and the
20 sheet 12 is important when the decking panel is subjected
to top loading with wet concrete. With the embodiments
described above and other embodiments of the invention,
complete shear connection or partial shear connection may

exist at a critical cross-section.

25
The term “critical cross-section” is understood
herein to mean a transverse cross-section at which the
ratio of design bending moment to design moment capacity
(or when designing for shear, the ratio of design shear
30 force to design shear capacity) is a maximum. (This is

the cross—-section from which failure would emanate.)

Longitudinal shear failure can be avoided during
the formwork stage, ie before concrete hardens, by
35 adjusting the design loads if the critical cross-section
is likely to exhibit relatively low partial shear

connection. Assuming that the moment capacity of the



the decking panel 10 during the formwork stage. 10 Depending on the situation, the strength of the
connection between the reinforcing members 20 and the sheet 12 may not b@4Noveontaet 200619 the
composite stage, i.e. after the concrete hardens and a composite 15 slab is formed. In this stage, the
mechanical interlock developed by the decking panel 10 and the hardened concrete (per unit length
of panel) usually becomes a significant factor in providlfg ftexural stiffness and ultimate strength of
the composite slab. Thus, break-down 20 of glue connecting together the reinforcing members 20 and
the sheet 12 or |ossigifafieciingnasynbfetse 20 rms toingpreneetien betwaed thesengeamesheris may not

bfe ﬁ concerg Th@t{&ff@rﬁir&é@ea?@éggﬂﬁaaﬁbeﬂﬁé@ehséli&ﬁhey r%\ifﬁczrakmienﬁeﬁ@ged ?(;eas
of the top side 14 an nderside the ec ing.panel. The _reinforcing m ers 20 wou
AQ% % % %h 103 I& %11}? o%ve?op 851 g&’ﬁer%m dz

normally be kept away fom aress on the “top aide T4 Howi, h VIS of mechanical
resistance once mé%s%rﬂéﬁed-{mﬁegManéélﬁmélﬁwﬂﬁmﬂ%@ﬁﬁpﬁé’s%ed in
them). Impa@tandwybasitengd efthenengineiial S6aqr meﬁeeum Belyiass BE reinéreing

members 20 andctgu ng@etqoégabo qggéulc_? tQ%tagggl %@g @Agjé%{__s gldg during the

formwork stage, as escrlb 35 Reinforcing mem place tvarlous discrete

locations around @R she&ti?%?pley%Zﬁmdﬁemﬁ‘ir&ff@em*&éﬁ%’é are
shown in Figs. 4naked &. sRefeirfig-particalanty tdbud. isorihé ceibtoscingmenstn p 20idre cofinected

to the flanges 40 2 oftha.3 sl efgggg_kt 1q HRASENESIRCOPD RRDERT Qkarga about the major

horizontal a>83 and therefore the flexural stiffness

Depending on the situation, the strength of the
connection between the reinforcing members 20 and the
sheet 12 may not be as important during the composite
stage, i.e. after the concrete hardens and a composite

15 slab is formed. 1In this stage, the mechanical interlock
developed by the decking panel 10 and the hardened
concrete (per unit length of panel) usually becomes a
significant factor in providing flexural stiffness and
ultimate strength of the composite slab. Thus, break-down

20 of glue connecting together the reinforcing members 20 and
the sheet 12 or loss of effectiveness of other forms of

connection between these components may not be a concern.

The reinforcing members 20 may be attached in any
25 combination to selected areas of the top side 14 and the
underside 16 of the decking panel. The reinforcing
members 20 would normally be kept away from areas on the
top side 14 that develop known, higher levels of
mechanical resistance once the concrete has hardened (for
30 instance, webs with embossments impressed in them).
Importantly, the strength of the longitudinal shear
connection between the reinforcing members 20 and the
sheet 12 should be such that longitudinal shear failure is
avoided during the formwork stage, as described above.
35
Reinforcing members 20 can be placed at wvarious

discrete locations around the steel sheet 12. Examples of



of the decking panel to vertical loading. The moment capacity of critical regions can also 10 be
increased by changing the distribution of longitudinal compressive bending stPdsSies ¢natbeal 606
premature local buckling of the decking flanges and/or webs - for instance see Fig. 4, which is a case
when this section is in positive bending. 15 Profiles that are asymmetric about the major horizontal
axis can be reinforced to improve the balance betweeld the-compressive and tensile capacities of the
flanges. An example of this is shown in Fig. 3, where it 20 can be seen that reinforcing the narrower
top flange 40 inclédSesrrthadlarcet homsecnthe shosmsdatidniyareas, ofStren@pénd wider bottom
flanges 40, 42. Reinforcing the web elements 44 can also improve 25 shear (and bending) capacity -

refer Fig. 6, which can be parliL\(:,a a%\éuseful in igternilasu:P 0£t regipns. é Wigﬁé/arigij:}/ngfo@rgﬁle

shapes and reinforcing members 56 canDPiged SO a8 fo et spégific design 3d:requwemelrﬁg.

Examples are shBemarg2 D, avsmmrrnesuedifal sibel Faddarsaids chbisedctBBeaccording to
the inventiors progigessbnaz ek alt of e telloydng Rdvariagad dondate efficigpbalratuial dergn by

placement of rei%%)é]%%rxﬁgg\?_/ Sl& Eag%l%gﬁi -eg\%%t dBis, 24 Noyve g;{ggfgt%e-%]é%éggﬂes a

fundamental prob ormed stee t the normal thickness o eets is constant
around the profil®pefittdeskigfy&anek SRnEFtAcRr 49885PBeams or greater construction

loads. This increases the range of applications in which a particular deck of maximum
The moment capacity of critical regions can also
10 be increased by changing the distribution of longitudinal
compressive bending stresses that cause premature local
buckling of the decking flanges and/or webs - for instance
see Fig. 4, which is a case when this section is in
positive bending.
15
Profiles that are asymmetric about the major
horizontal axis can be reinforced to improve the balance
between the compressive and tensile capacities of the
flanges. An example of this is shown in Fig. 3, where it
20 can be seen that reinforcing the narrower top flange 40
increases the balance between the cross-—sectional areas of
the top and wider bottom flanges 40, 42.

Reinforcing the web elements 44 can also improve
25 shear (and bending) capacity - refer Fig. 6, which can be

particularly useful in internal support regions.

A wide variety of profile shapes and reinforcing
members 20 can be used so as to meet specific design

30 requirements. Examples are shown in Figs. 9, 10 and 11.

Structural steel decking panels constructed
according to the invention provide some or all of the
following advantages.

35
® More efficient structural design by placement of

reinforcement where it has the most effect. This



sheet thickness can be used in practice. 10 Improvement in economy of roll form decks by combining
them with cheaper reinforcing materials such as hot- rolled reinforcing bars orgddtes.ehobgre2e06the
concrete from contacting the 15 reinforcing members 20, the members may be housed in small
additional ribs or longitudinal stiffeners rolled into the steel decking (refer for example to Figs. 3 and
9). The additional longitudinal ribs and reinforcing merdBers may have the same shape to help with
their attachment (for 20 example refer Fig. 9). A feature of the invention is that a suitable structural
steel decking panel ceviebecggwbwith Drnvitdroen talitoret keinforddheme Thisfiomede steedomy by

25 allowing the use of@drlidionatieiforaemeny i WoR D di iekegug ede e sneadiments of
reinforced closed rib deckﬁnaqq@ageggsggwg in Fi ségoland 11 iIIusjt;%te this point. 30 The applicant

carried out an experir%%?lfa program 1o eva}h%t e 6er?or$r$aﬁllt:%eo fié invention. The results of the
program are reported in Figures 12 and 13. The experimental program was carried out on the 35
embodimentof the dedige pagelahaspainsigr3taitker: sdaBseqanetiantedeogpeseen 1.2 mm
thick steel sheet 12 %qlgliq]gg 1i[riry s_gggﬁgﬁeem%s q_%gkee 4% nggm@e;%&?ﬁg o3 reinforcing
members 20. The performance of the panel was evaluated In relation to non-reiforced panels.
Specifically, the expetPREritSAbER 18t hel PATRYIHE REnALFOARELMAFHIMR the
reinforcing 5 membershérte pirietkesisd coaprisedwse@ mm pudcsidek sheet and the other panel
tested comprised a 1.0 mm thick steel sheet. The profiles of these panels is shown in Fig. 12.

10 e Improvement in economy of roll form decks by combining

them with cheaper reinforcing materials such as hot-

rolled reinforcing bars or plates.

To prevent the concrete from contacting the
15 reinforcing members 20, the members may be housed in small
additional ribs or longitudinal stiffeners rolled into the
steel decking (refer for example to Figs. 3 and 9). The
additional longitudinal ribs and reinforcing members may
have the same shape to help with their attachment (for
20 example refer Fig. 9).

A feature of the invention is that a suitable
structural steel decking panel can be used with or without
additional reinforcement. This improves economy by

25 allowing the use of additional reinforcement only when it
is required. The embodiments of reinforced closed rib
decking panels shown in Figs. 10 and 11 illustrate this
point.

30 The applicant carried out an experimental program
to evaluate the performance of the invention. The results

of the program are reported in Figures 12 and 13.

The experimental program was carried out on the
35 embodiment of the decking panel shown in Fig. 3 (and Fig.
12) . The panel tested comprised a 1.2 mm thick steel

sheet 12 and solid 20 mm square steel bars as the



10 The panels were simply supported to form a span of 4.2 m between the supports. The panels were
subjected to a loading that simulated uniform loading of the panels and the n2d{Npaprdbte@dp6of the
panels and other properties were monitored. 15 Fig. 12 is a plot of applied load versus mid-span
deflection for the 3 panels. Fig. 12 also plots the theoretical load/deflection for each panel - in the
case of the decking panel of the invention, assuming cbdnptete 20 interaction between the sheet 12
and the reinforcing members 20. It is evident from Fig. 12 that the reinforcing members 20 had a
significant impacten tife flekniméfibesssadd morfbet patoyoatwepafe|ttbdne panelle wesnection

between the steelghealat2zand the-22 4 Cy MEMDEES B8 sesisteddanaiiudinal shear very

effectively as the deflection increas %Fi .13 is.a serjes of spanning curves for the decking panel in
accordance with the. ﬁ/%ﬁﬁgrr}ﬁ?ﬁe% %p%r’f _ﬁﬁl(:%‘ra\?e{sa?/lye%%gﬁearre%e%ae Sf ?n%flggtlanl_lger%séasured and
calculated data draYGREntdpaRapev@tiedishraPwapitirotd fidaraedimfessine the deflection

and similar testsniéamsebed aboke iparespayitedutenpedeled ke sSpanming euler sbovethat the
same deck In acegdanos fa WHLNSURKSN(ON.Gan Be UBed (R SHARAILUE! SoRCTB g gnd galetruction

loads during the formwork stage of the construction of a composite slab as a result of the 24
November 2006 S¥eeimfRRRMentINeNBRREiARMRE drsfsnRAReISad SRREDed By the
reinforcing memi¥ig 2012nd the form of the connection of the members to the steel sheet. The line
marked "X" is for the 1.2 mm decking panel alone, based on 5 its strength only, which is the absolute

maximum ferformance the unreinforced sheet can achieve if
0 The panels were simply supported to form a span

of 4.2 m between the supports. The panels were subjected
to a loading that simulated uniform loading of the panels
and the mid-span deflection of the panels and other
properties were monitored.

15

Fig. 12 is a plot of applied load versus mid-span

deflection for the 3 panels. Fig. 12 also plots the
theoretical load/deflection for each panel - in the case
of the decking panel of the invention, assuming complete

20 interaction between the sheet 12 and the reinforcing
members 20. It is evident from Fig. 12 that the
reinforcing members 20 had a significant impact on the
flexural stiffness and moment capacity of the panel and
that the connection between the steel sheet 12 and the

25 reinforcing members 20 resisted longitudinal shear very

effectively as the deflection increased.

Fig. 13 is a series of spanning curves for the

decking panel in accordance with the invention. The

30 spanning curves were generated by imputing measured and
calculated data of moment capacity, vertical shear
capacity, and flexural stiffness from the deflection and
similar tests described above into a spanning curve model.
The spanning curves show that the same deck in accordance

35 with the invention can be used to support wet concrete and
construction loads during the formwork stage of the

construction of a composite slab as a result of the



deflection of the panel under the weight of wet concrete is ignored. The numbers 130, etc indicate that
the maximum ponding deflection of the concrete is the span 10 length of the p4ndbdardesk (20080,
etc. Itis clear from Fig. 13 that the performance of the decking panel in accordance with the invention
has been vastly improved by adding the reinforcing members 20 and that much longer spans are
possible during construction. 15 While the present invebhfior has been described in terms of preferred
embodiments in order to facilitate better understanding of the invention, it should be appreciated that
various modificatiorsreareme niasl elwitfdie=t0rddpating froes theapdh civme o tlrapaention.

Therefore, the ingeifin.ghouly benmdessiaed 1o Nkl deemlisrsh 7aodifieations it its Scene. 24
November 2006 - 15 C Ai'MnS'o% A structunr_%l steel decm‘é; panel for ugaggrtlng[,ﬁ/vet concrete and

subsequently reir?f%lrlcnlﬁgc e concreFeh‘g atter t has hta?denedi & Gec Ing panel mcﬁd%n@?a) an

elongate profiled®cdapetXhadifig EotoFBlelartl AMudgekicngtHeRSblIFdAREd floRFRst Skeel strip
and has a maximigs thielkwmsgtf nenbgre WancAOils 6enB; abd g glukality mwlongate reinforcing
members Conneg]kegft&}qsx?@&e&ﬁ]'&d ﬁﬁh‘?&%&%@%ﬂg Qéﬁecﬁ}ﬁeébﬁtﬂgég fqrping members
extending along the whole 15 length of the sheet or over short lengths of the sheet; and (c) wherein
the strength of (HESEHGRIRR SiedHErRRBAdn HEH TP afeREBE \fo e SRIFERES20 the
reinforcing membiess igyaaftieidntly Tigh tourelsest g0 dinat shaardadartechathvaentthe reinforcing
members maximum ponding deflection of the concrete is the span
10 length of the panel divided by 130, etc. It is clear from
Fig. 13 that the performance of the decking panel in
accordance with the invention has been vastly improved by
adding the reinforcing members 20 and that much longer
spans are possible during construction.
15
While the present invention has been described in
terms of preferred embodiments in order to facilitate
better understanding of the invention, it should be
appreciated that various modifications can be made without
20 departing from the principles of the invention.
Therefore, the invention should be understood to include

all such modifications within its scope.



and the sheet when the decking panel is subjected to top loading with construction loads and wet
concrete. 25 2. The decking panel defined in claim 1 wherein there is complegt dlieasmben@dt, as
defined herein, between the sheet and the reinforcing members. 3. The decking panel defined in claim
1 wherein 30 there is partial shear connection, as defined herein, between the sheet and the
reinforcing members. 4. The decking panel defined n d&m-2 wherein the shear connection between
the sheet and the reinforcing 35 members is at least 30% of the complete shear connection, as
defined herein. 24IdM$nber 2006 - 16 5. The decking panel defined in claim 4 wherein the shear
connection between the sheet and the reinforcing members is at least 40% of the complete shear

connection. 5 6. gge decking %netl__ deflr%%(%grhéar%omi o&ghq(frecedln%fflagng Wherelgx'ggere is

complete interacfion, as definéd hiefein, between the sheet and te reimn orcw?g memtbers. 7. The

decking panel defifEd fPRAYSRE Gide recedingridinsipIOERTFr@ENGiFHRIRPRRATI®S are
connected t@ theaglerside ohihe shariedel)e thekide Flopabdefitesiiniatylentialgthe 15 preceding
claims wherein the reinforcing members are welded or glued to the sheet. 9. The decking panel
defined in any one of the preceding claims wherein the reinforcing members are 20 elongate

members. 10. The decking parf@)defifBd $1 ERARPWRERS 1R eR5iRPde FRERBeRARABH h a
longitudinal directiop 0$ iltke Simedt. &5 Lihdehesdelekitdptndlsdefinbli-+f anyexhefofdine f1lat

steel strip and has a maximum thickness of no more than
10 1.6mm; and

(b) a plurality of elongate reinforcing members
connected to the sheet and selectively reinforcing the
sheet, the reinforcing members extending along the whole

15 1length of the sheet or over short lengths of the sheet;

and

(c) wherein the strength of the longitudinal
shear connection, as defined herein, between the sheet and
20 the reinforcing members is sufficiently high to resist
longitudinal shear failure between the reinforcing members
and the sheet when the decking panel is subjected to top

loading with construction loads and wet concrete.

25 2. The decking panel defined in claim 1 wherein
there is complete shear connection, as defined herein,

between the sheet and the reinforcing members.

3. The decking panel defined in claim 1 wherein
30 there is partial shear connection, as defined herein,

between the sheet and the reinforcing members.

4. The decking panel defined in claim 2 wherein the
shear connection between the sheet and the reinforcing
35 members is at least 30% of the complete shear connection,

as defined herein.



preceding claims wherein the reinforcing members are in the form of a bar or rod or plate. 30 12. The
decking panel defined in any one of the preceding claims wherein the profiled2dhdetemhele300p and
bottom flat flanges interconnected by web elements. 13. A structural steel decking panel for
supporting 35 wet concrete and subsequently reinforcing the concrete after it has hardened
substantially as hereinbefore described with referencelté the accompany drawings. ABSTRACT A
structural steel decking panel for supporting wet concrete and subsequently reinforcing the concrete
after it has hardebed is disclosBae THe alethingazarel itk fdawrdniglond&amréfilwtetsslmhbbhe(12)

having a top sidesktrancbansndetsideCitland a phiralitk of elongata deipfarsirgraermpers (20)
connected to the sh‘%/t. The. deckin é)anel hsogshar%ctgﬂsed in thft }__he S renq:th ofltlhe Ioggitgdinal
shear connection between the sheet and tt:he rein‘?ormngemgﬁwr%%réa st |(‘:a|8ntlyc ﬁlg?ﬁg reSISt
longitudinal shear failure between the reinforcing members and the sheet when the decking panel is

subjected tozop éaading with aonstidstiRG IRAdSaAl WabEQ¥atein any one of the
preceding claims wherein there is complete interaction, as
defined herein, between the sheet and the reinforcing

members.

10 7. The decking panel defined in any one of the
preceding claims wherein the reinforcing members are

connected to the underside of the sheet.

8. The decking panel defined in any one of the
15 preceding claims wherein the reinforcing members are
welded or glued to the sheet.

9. The decking panel defined in any one of the
preceding claims wherein the reinforcing members are

20 elongate members.

10. The decking panel defined in claim 9 wherein the

elongate members extend in a longitudinal direction of the

sheet.

25
11. The decking panel defined in any one of the
preceding claims wherein the reinforcing members are in
the form of a bar or rod or plate.

30 12. The decking panel defined in any one of the

preceding claims wherein the profiled sheet includes top

and bottom flat flanges interconnected by web elements.

13. A structural steel decking panel for supporting
35 wet concrete and subsequently reinforcing the concrete
after it has hardened substantially as hereinbefore

described with reference to the accompany drawings.





