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 iﬁt@ewﬁfﬁhﬁaﬁﬂerveﬁél&rﬂﬁk feb indanes tizpezidaldlecks

like Fielders Stee&é@gﬂqgrssrﬁ%gdg $|ej_gl &‘i'&‘i 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%‘éﬁ}%@?@ 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

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 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



mm. This significantly restricts the maximum flexural 24 November 2006 2 stiffness and ultimate
strength of a deck with a set geometry. Some decking panel manufacturers n2adNyp tieenSed R00689
panels they produce once the panels have been roll-formed. This is done to 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 concrete. The moment capacity and shear capacity of critical regions affects
ultimate strengthst3 fifiskaswartd mddifyma el frmedatdeke gardsedky wttadhiag astat sheet of steel
across the entireasgeeiipe 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 8eBRs AR bRBrRARE bpMADKE SRlctu Ry 2ffereHclY FiRRermore, 25 in
applications whet:teyrifeprh édquikkipr sabliig-etaribey arnphastst effsadivbslegking. Itis an
object of the inveplion 19 giaide @ degdng pagebibathas gpoyedsuelralperamancely S0
terms of flexural stiffness and ultimate strength and avoids at least some of the problems destribed
above. SUMMARY GETYAE WIGENTSSKCIBRGRHy, according to the invention there is

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



provided a structural steel decking panel for supporting wet concrete and subsequently reinforcing the
concrete 24 November 2006 3 after it has hardened, the decking panel inclugih{lde¢abe @igHe
profiled steel sheet having a top side and an underside; and 5 (b) a plurality of elongate reinforcing
members connected to the sheet, 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 subjectedfibeap dbadliag Witrcdsmstdictibhéoatckicthgepanedreiardbulimgecking panel of
the present invention is selectively reinforced in areas in which there is a need for higher structural
performance in terms of flexuraz i/tiffness nd ulg@ate storgr.i tgdpg{__tiecg&arlg/ Wré%n he 20 decking

I
panel is subjected to top Ioading_:‘?l ith 2Construcaon Toads and wet concrete, One o t%‘éﬁ(%%/ features of

the decking pandiePttigeseRdingenfdfiess ddsériiiPabove, is that the strength of the longitudinal
shear connegtion between the sheet and the reinforcing 25 members is sufficiently high to resist

longitudinal shear failure betwi-kg,'?e thg r%iQ{pfggéggpfe@ﬁg%gﬂ%%keesi}eéqﬁ%%éﬁgdﬁgmgpgnel is

top loaded. This is an important feature’becau aci S er struct rmance,
particularly whentRBRREKRG Fhethe3§R66fkecte*RD top loading with construction loads and wet
concrete.

(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 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



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 red#fddovgmben®eds, to
resist longitudinal shear in response to longitudinal shear force generated by 24 November 2006 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- Bcemplete shear connection, as described
herein, between the sheet and the reinforcing members. The term "complete shear connection" is
understood hereiartoappdi et onditichaadvicdihetinenedfinre) cagactymsfasvardicalfcrobe section of

the decking panelisingtgp\eEned by damakerdibPftbe lngitydinpbsieargenaactiondgtween 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 herkih g&PmRaf e ihaReinkbhith tRe afereden ey okmrg be
transverse cgoss&afipae ok thshdeakirgpaaeits gnyededdasheidendie péhe, lopgtudiaal shear

connection betwq__g{éth&(‘éoépeghedj.t%gfe@glxggg égﬁ? %%&ggr‘] between the sheet 25 and the

reinforcing members is at least 30% of the complete shiear 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 isTt@mpletminterantidetas slkesanbedbhersut, msteds the sheet and the
reinforcing 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. 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 bet@dlovernibecaD6
elements, i.e. the sheet and the reinforcing members, so the connected elements can be considered
to act as a single, reinforced composite element when 5 determining flexural stiffness and calculating
vertical deflections. Preferably the reinforcing membersare connected to the underside of the sheet.
10 Preferably the reinforcing members are welded or glued to the sheet. Preferably the reinforcing
members are elosggtel $qasmbbendErefutabylihe biom@ieonembersiatenfare begussnal

direction of the shegln28tuafesahidhe seinforeingyRamyresareafdhe normef meararigd or plate.
Preferably the profiled sheet incIL{__d[l om._flat fl?gescygei?connectedé)%/rw% elements. 25

es tog and bot
. . membe SO e connecte lemen e con €
Specific embodiments of Te Mvention Wil Now be- deschved in Some Tartiiar detall with reference to

and as illustrate@#tthrSaccordsghying figdRSoTResk fsfientearMansratvenand are not
meant to be 330 reritieliveinfithg SEDpRWEHle kvepiie d3FEAAH FHa DRAGRIMYCN OFHBREFERRED

EMBODIMENTS QU 14k J MVENTION

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:



35 Preferred embodiments of the invention are illustrated in the accompanying representations in
which: 24 November 2006 6 Figs. 1 and 2 show cross-sectional views of prid24 dvostutdberak G0se|
decking panels; Fig. 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 structural steel decking
panel according to a second 10 embodiment of the invéntton; 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 strudtiigs stelel @ndkidg gare| ecvmdingaotadfowath earsesiméntofihe

invention; 20 Figa¢is adiagrampaticstide vieysekiestpahdesking 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 th& }ginfotcSransn BeORRFSSEEFSIOBRA - RY¥NFciAg members shown
diagrammatgallysdediitstiata ihesgerdrabvertion (pihalD lgagbyai e Bwnbersrsigs. 9, 10 and 11

show cross-sectigmﬂo\/&g\ﬁ@g{ fgghg&lgmg)gg@q__qgrgf structural steel decking panels according to the
invention; ’

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



35 Fig. 12 is a plot of applied load versus deflection for test samples generated during an 24
November 2006 7 experimental program to evaluate the invention; and Fig. 23 iNleveeniesr @Ggnning
curves generated during the experimental program. 5 A first embodiment of the invention is shown in
Fig. 3. With this embodiment, the structural decking 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 flanges 42, interconnecting web elements 44, and side edge
formations 46 tha&xpebiametiagénppgisun be peviibnet d Stdige-by e iran ogedapping
relationship. The decking panel 10 comprises two discrete elongate reinforcing members 20, each of

which is connected to the un {Side }9 of the sheet. 10 ang extend 20 in the Ion%itudinal direc%'on of

the sheet 12. The reinforcing fewiber 26°ara connected o the sheal P2 S8 har e 38 2ubs antially

complete interacB&¥ beGvdere tIfeResImpoEedisRFA@GE ABrmal operating conditions. 25 With this
embodimentof the invention, the reinforcing members 20 are cylindrical rods having a circular

cross-section. However, reinfoici@gg%gng o\gqg‘eqlwidoe_\fv%rﬁeéy ngflggq,fé-.%qgiggalsﬁ_gg%sirnay be

employed to suit specific manufacturing and design requirements. 30 With this embodiment of the
invention, the reﬁﬂ‘&rcirﬁ;'members 20 are attached to the underside 16 of

With this embodiment, the structural decking
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
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



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 shezt Nbeachites 28iaércing
members 20. The substantial contact contributes to strength 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 mtdcentact with concrete that is poured on top of
the panel 10. This 5 means that there are no potential problems of reduction of the longitudinal slip
resistance of the clenkimghiarre| keftorelea cbheretehafiens i Rgrimemberes tHOrefdrdilig members 20

do not interfere vy @bthempragd i3oNsHUCkR OperatingaHarertakenaarhe i siggel 4 of 10 the

decking panel sucgfls Qgé)i%cerrr}leen ofl[gingcgcgranggt tanéjo%%urlln %nd c%rpgagtiong concrete. In
other embodimenits of te IHvention (hot Shown), relnf’orcing Meftibers 76 ¢an be attached to selected

15 areas of the tGiPBRESkPotihdtshbet ROUTRE r@iRfdreRg e rbereeanebe EBntind&isSover the
whole lengtivof theaaselthher aliripativaly cas sotenatisad opeoR1me ngihrehaieded leantions
in 20 order to improye s vQid. interfe ith t S Verfi Jding services.
Two examples o?;?agne%gﬁg\%%g%ga%igeg%o&git%gréggﬁ%ﬁ%%tﬁs% o??g?n%g‘rgcﬁigl %%ﬁéizo_ are shown
25 diagrammaticfFPrFigBes CPRATBL BIRAEFTRY: trahev&ReTIeEEsetthh thal MESFSt_RThe
positions of reintoembe nserAbeda?hagainstiefiesie eleténtanyg thef peanel hdxriad reinforcing

members 20 extenshRart-yeayi 8ipngdae dendh Of trsheslickn FigUrereiIlSEaes ) 14 of
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



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 arrangeghadveniben #2096
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 24 November
2006 9 variety of materials including steel or advanee®cemposite materials. The reinforcing
members 20 can be attached to the 5 sheet 12 by various means including gluing, welding, screwing,
clinching, and crivgphigtyisqffefeateirthal thelrediforbimg natreledrs0 advesided oropestotihe
sheet 12 in ordertgyueduaasthe 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
sheet 15 12 can be reinforced (by attachment of reinforcing members 20) prior to roll-forming the
sheet. As is indicated above, tRBStrEAgHemAE NSO MREISH Detle S thPriFBERSY Atk rRBe /s and
the 20 sheet12 igtispertant wher fhei decking aaselia SLOETIRF ¢0 tampadirgl @ithayet concrete.

With the embodiryg?gﬁggrac,ri%epiﬁl%%vi% ,d gH‘gzr@p}_ d_,li_glsnts of the invention, complete shear
shea ical’c

connection or partia 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 montentsapaeciferred that the reinforcing members 20

be welded or glued to the sheet 12 in order to produce the

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 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



(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.) Long#udowambealiziiire
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 24 November 2006 — 1® reinforcing members 20 acting alone is small
compared with that of the composite element of the reinforcing members 20 and the sheet 12 (as is
the case for the prefarfaer eimg demherst A6 iagintion, bliomst rexeswadly feralbs eathotitknts of

the invention) thamie dagreadf sBapo sPRREAIUMEALIred it HRaspRahivITeh fAP e o higher).
Otherwise, the reé'rbforci {_:rileemb rs Ovlvgl npt make sigréificantfcontri ution tofthe maojment capacity

of the decking panel 10 during fheormwork gt%géfe’la epean%?ng i tﬁ:e gt&ﬁ%n‘?ﬁﬁes rength of the

connection betw &SP RRLBATERIRF nidpsh B VeRdricPihe BHEeNPE nRgARA IR A Inf@ar bhiring the
composite Fageembodifidht£opcraihdaidrmnaicda )copmsitend slagisioraedshetis stage, the

mechanical interlﬁghn%%@i%%ﬁdﬁ]%%%%c@@ gggg!ojrloag?rgtm%gﬁrdggggu%o%gteo@er unit length

of panel) usually becomes a if??‘: t factor in providin xural'stiffness and _ultimate strength of
the composite sIQ-FHRE) bre KEAGHH BoRuf gthﬁ’é’cGﬁr’réb’%f?@%@@tH@?'ﬂ#@Fé‘fnf%PciHd'HerHBé'rrs 20 and
the sheet 12 or losskef effesiigariaSiscairithectotmsind tdamectioh e tweste tite seagsaaidnye ndE may not

be a concern. Theygindrcing,@epiiets 29gnay Peatached #2f%ork stage.
10
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



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 2uié&ddcimited REO6P
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-121shotild be such that longitudinal shear failure is
avoided during the formwork stage, as described above. 35 Reinforcing members 20 can be placed at
various discrete ddcafienerodimttipistnel siret dRoWRanmp|dSigs24 Kovemived 2606 - 11 different
locations are shown in Figs. 4, 5 and 6. Referring particularly to Fig. 5, the reinforcing members 20
are connected to the flanges éZ of the 5 ste dec%o jncrease, the s%condhmoment %f area about
the major horizontal axis and eref%re‘tﬁ’e fésiralst ofthe o%cklng panel fover |caﬁ%)a8|ng
The moment capBempPereitcdl Akfoseeas aked 1D iherdasragsscihgirtptreidisi®ution of
longitudinal Tomgtessivedeekling sinsseatat ERusepeshdurinsat BEKhIGaf &wodml@m;ﬂanges

and/or webs - for,[15(300R. 565 Bigk 41 MUIEIJS 2GRS DS HUS SERIOH RN RATILS PR, 15

Profiles that are as metr| about the major horizontal axis can be reinforced to improve the balance
between the confpfeddife ﬁ&lféﬁ'gleﬁﬁx‘b%?:lt'%g of et ¥y el °AAERImple of this is shown in Fig. 3,

where it 20 can be seen that reinforcing the narrower top flange 40
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



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) c2dalityendier EQD®,
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 pb#ets constructed according to the invention
provide some or all of the following advantages. 35 More efficient structural design by placement of
reinforcement where ¢veasctbmerost dffsrdanias 4 INprebien?06-h 120 bleftonmerda Alrmanental

problem with roll formggkgtgel degks - that the pagnakhickiesss f the shretsisecerstpgt around the

profile perimeter. 5 LO“QSE dg‘gtk g[g%r&%%r %qjl%ker s(l)a?sl%r beal[n%g{:g;:eater construction loads. This
increases the range ('):foappl?ca ions in which'a p%]r:tlcui‘ar ddek G Maximum  sheet thickness can be
used in practice. 10 Improvement in economy of roll form decks by combining them with cheaper

reinforcing ngateréals suelyas hatarllepaeisfaseing ek 6 ptadh sT opr veand ecaongraiatenm

contacting the 15 reirggﬁ%rggfmo t ta%rsl%)aéqle m %%e'? o%\égggggsgﬂén sma eg%%itional ribs or

longitudinal stiffeners rollec the steel decking (r r example to Figs. 3 and 9). The additional
longitudinal ribs and ARRBLIGAYT HREHbAR My A PRI IRIp&RSKe RivRRHEI S tachment (for

20 example refer FigsBeet thickness can be used in practice.

10 ¢ TImprovement 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



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 adziitidoakbreydoE@08ent
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). Theepaxfaitestad coempraed 20.2 mihthigestEermhneel @ intelip@0ehnwaguare

steel bars as the N awabers 2096 rak3i seinfsciRgnne@brib 2 aadanance of the panel was
evaluated in relatjon to. on-rql_lt%forc%?lganels. Specg{_fza!y the exgneln@eental rogrglglgested panels

having the same p‘?gﬁé UT WAt the re?n’fgr%lrnl&g meambgr];s?%)rne pane tfgs ed comprised a 1.2 mm

thick steel sheeth®ig dther sana esed ebmpntedwl timonk e sedarEasetT%e profiles of
these panelsis sihewbdiskig. dael®pahe panetwara-sinjli se@oeitad © tainthsean sfded m
between the supports., T W bj t in i ted unjform, lgading of the
panels and the r%%%égar?eggﬁgﬂ%n%%ﬁg p r%e%q'an%‘%t%%?pr%%)%%%s@v%gegm%hﬁo%.%%CSH%?E]. 12isa

plot of applied 0¥ $&suEHRREspat YRR RO 8 Jhere RSl sdHIGRME thBoretical
load/deflection fdr #gch J2wnel - in the case

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 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



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 membe24 Rdhewhioesigodiéant
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.éurves for the decking panel in accordance
with the invention. The 30 spanning curves were generated by imputing measured and calculated
data of moment dapcityemeatita sheaf lepacay, atiffdneslisstédind smdmenthecapiariiby and similar
tests gescribgg a@ﬁnﬁé@te@ s&amﬂ@bﬁewﬂaemhﬁmﬁm’n@ @ua/@adatw tf@f@h%izargﬁ%ﬂeqk in
accordance 35 with the invention e used to support wet concrete and consgructiqn loads during
the formwork sta88 %?ﬁﬁra% %%?]S{arfg%}qeop Y ré%%’ﬁsés?% s%é\%eass%?ggulf %’ﬁﬁ% 24 I&[lg‘\‘/ae%%greZOOG -14

improvements inRXkRA stitfledssaf®mdrientlcap ity dRFFRY RARRLreRioRMg RRAAEISR0 and
the form of the copseeiinrenlgibR PAMPErwiItiEE stechtecsbd it Markesar" is for the 1.2 mm

decking panel al%rtéerpg]; Qx?@e5 Eg&”&ﬂg@iﬁ%fﬁ@&h I3, ga %q{utgéﬂ%murgfperformance the

unreinforced sheet can achieve if deflection of the panel under the weight of wet concrete is ignored.

The numbers 136 SHL $7HeRR tRit tHRe REAREMPARKn G BEn¥&iFIS tRE BRErtORCFR San 10
length of the pangkdivigleddndl 30, Bie. IhisnteansiraiB0 Figetd thatitheaissfarheincelo the decking

panel in accordapee WiththsJRusRlipruaas Been yastenaved by -adding she Feinfgseing members

20 and that much longer . )
10 lendgth 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.



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 invengdri\ldvambi 2606
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. 24 November 2006 - 15 CLAIMS: 1. A struetuta steel decking panel for supporting wet
concrete and subsequently reinforcing the concrete 5 after it has hardened, the decking panel
including: (a) an ElhgMee: profiled steel sheet having a top side and an underside that is roll-formed
from flat 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 reinfqrcing the _sheet, the
einforcing memiiars extendind A T e SETE Ao B AL BEPS oS SRR SELA tne
sheet; and (c) wHeleiFaReseERytRRA tIfaRPRAUGNEL ¥ hEal 8farting, kb ecfrBFREESn, between
the sheet amgl 2Q ieeteiriforaag Medterifdd sUke ndy dlightp esiss longilbtingl agear 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{@afinedFh& &P IFFcRA A SReSHRE theSRATE G AlnBers.

top side and an underside that is roll-formed from flat
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.



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 panet4i&fmeshibal2008
wherein the shear connection between the sheet and the reinforcing 35 members is at least 30% of
the complete shear connection, as defined herein. 24 November 2006 - 16 5. The decking panel
defined in claim 4 wherein the shear connection betwekh the sheet and the reinforcing members is at
least 40% of the complete shear connection. 5 6. The decking panel defined in any one of the
preceding claimsSwherein ther&lecdeglktatpartbdndes idedetherdiai veyvadretheigheebhand the

rein;orcing membbﬁtfa:;lodoﬁfmqwnqﬁaewéieﬁeﬁé i@f@&fﬂ&ﬁ thﬁe%rﬁefﬁi%ﬁlﬁiﬁg ¥vhe(;ein the
reinforcing members.are connected to the upderside of the sheet. 8. T ecking panel defined in any
one of the 15 prEERE ot Set SRR e T B e er HEL 828 ISGT oF SIIRA 15 1RE Sheet. ©.
The decking panel defined in any one of the preceding claims wherein the reinforcing members are

20 elongate snenmgers. 10. Therdeckiagpang! gefinell ia«skined Whereinghenrlopgatehaembers
extend in a longitudj krecti . lecki efi ' e of the
preceding claimsyvgk%%\i% ?Je}r%fg)';rﬂlsng %%e?nebgegrsjgﬁg ?ﬁg t eg foér]%%?%e%%r %l}%(‘%%?gﬁé%] 'Boglg;. The

deddngpaneldéﬁﬁgaﬂ?gny%ﬁ%%ﬂth?etween 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.



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 con@#4td aredrsadrs2opently
reinforcing the concrete after it has hardened substantially as hereinbefore described with reference
to the accompany drawings. ABSTRACT A structural steel decking panel for supporting wet concrete
and subsequently reinforcing the concrete after it has Hefdened is disclosed. The decking panel
includes an elongate profiled steel sheet (12) having a top side (14) and an underside (16) and a
plurality of elonga@SERAFcing members (20) connected to the sheet. The decking panel is
characterised in that the strength of the longitudinal shear connection between the sheet and the
reinforcing memliers is suﬁicien%g@@ tf rgg@.lg@itudinql shear failure bgtlvyieen the reinforcing

members and thé s %’é’t’%v%%ﬁat decking panelis s%?&‘:ated S Jffops“fgg(ﬁﬁg With onstruction loads

and wet concreteconcrete and subsequently reinforcing the concrete after

5 it has hardened is disclosed. The decking panel includes
an elongate profiled steel sheet (12) having a top side
(14) and an underside (16) and a plurality of elongate
reinforcing members (20) connected to the sheet. The
decking panel is characterised in that the strength of the

10 longitudinal shear connection 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.



