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A—CONVPOSI TE BEAM The present invention relates to

conposite beamns for the building industry. The term
"conposite beant is understood herein to 5 nmean a beam preferably forned

fromsteel . and a 4sol id or conmposi te slab int erconnectm,mgsmhmr
connecti on P(?‘Qﬁ%’ together to resist action effects as a single

struct ural menber . The _term' 'shear connection" is
under st ood herein 10 to rrean an interconffecti on between a beam and a

solid or conposite slab of a conposite beam which enables the two
conponents to act together as a single structural nenber.

I n conventional conposite beans, typically, the shear connection
conpri ses shear connectors, slab camccolPosi®E BEAM transverse

rei nf or cenent . The term "shear connector" is understood
herein to nean a nechanical device attached to the top flange of a
. The present invention relates to composite beams

for the bullding industry.

The term “*composite beam" is understood herein to
S mean a beam, preferably formed from steel, and a solid or
composite glab interconnected by shear counection to .act
together to resist action effects as a single structural
membexr.
The term "shear comnnection" is understood herein
10 to mean an interconnection between a beam and a solid or
composite slab of a composite beam which emables the two
components to act together as a single structural member.

In conventional composite beams, typically, the
shear connection comprises shear connactors, slab concrete,
15 and transverse reinforcement.

The term "shear conmector" is undersgstood herein
to mean a mechanical device attached to the top flange of a
steel beam which forms part of the ghear connection.

In particular, the present invention ralates to
20 composgite beams of the type comprising:

(a) & horizontal beam (typically steel)
. supported at each end;

, . (b) a compomite slab positioned on and
supported by the steel beam and comprising:

25 (1), . profiled metal (typically steel)
sheeting,
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parti cuTar, the present invention relates to 20 conposite beam of the

type conpri si ng: (a) a horizontal beam (typically steel)
supported at each end; (b) a conposite slab positioned - -
on and supported by the steel beam anpgreQmiglobssyNo:

25 WO 96106594 (i). profiled netal (typically steel) '

sheeti ng, WO 96/ 06994 -2 -

PCT/ AU95/ 00567 -2-

(ii) concrete cast on the ti NGorfiih t the sheeting(idsnd

rei nforcenent enbedded in ch‘t']'g(i t te cast on The aceo?]cre e; and

(c) a plurality of shear connectors, typically 5 in.the

form of headed studs, enbeddqdii) reinforcement embeddd® DWreHete and

ext endi ng through the sheeting and wel ded to the top
flange of concrete; ané

(c) a plurality of shear connectors, typically
5 in the form of headed studs, embedded in
the concrete and extending through the
sheeting and welded to the top flange of
the beam thereby to connect the composite
slab to the beam.

10 The present invention is concerned particularly
with reinforcing the type of composite beams descr:‘.héd
above o that the composite beams have sufficient
longitudinal shear capacity for the loangitudinal forces
arising from compregsive stresses that develop across its

15 width and within its depth to be transferred to the sghear
connaectors and thereby to prevent premature longitudinal
shear failure of the composite beams.

The conventional reinforcement for preventing

longitudinal shear failure in the type of compogite beams

20 described above compriges deformed reinforcing bars or
welded wire fabric embedded in a horizontal position in the
concrete of the composite slab. The reinforcement is
arranged to extend transversely to the longitudinal axis of
‘the composite beam and therefore crogsses potential

25  longitudinal shear surfaces ¥ad by this mechanism is
thought to contribute to the longitudinal ghear capacity of
the composite alab.

However, in research carried out by the applicant
on the type of composite beams described above it was found
30 that the composite beams tested, which included such
conventional horizontal reinforcement, failed prematurely
by longitudinal shear failure by a mechanism of horizontal
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‘eamm —10 The present invention is concerned particularly

with reinforcing the type of conposite beans descri bed above so that

t he conposite beans have sufficient | ongi t udi nal shear capacity for

t-he | ongi tudi nal f.orces arising fromconpressive stres yAtdafooskgvel op
across itsWRPMRyt 1 and within its depth to be transferred to the shear
connectors and thereby to prevent prematufelongitudinal shear failure
of the conposite beans. The conventional reinforcenent for

preventing p1li¥tdidg' Y1ply HHRATL i | 3 hidat "eoindctots ChapeEret e bears
20 descri be(? above conprises defornmed reinforcing bars or wel ded
wire fabric emssmesitien 8lalyri zontal position in the concrete of the

conposite slab. The reinforcement is arranged to extend transversely
to the | ongitudinal axisggof - the _conposj e es
potential 25 | ongi t udi ra?gg';%” e %%%%y&ﬁnaés}gn%%%%nﬁlgém
t:hought to corfloined efxtam gl ileyd taticall sheeting .gomprising open gheel
conposi t egsl ah,. atp Ve Vs ' r I Ly t he
appl i cant 5 th‘%‘n %??e”fay%eed él?y &)rrpo'si t'gﬁﬁeggr%fggggrlg ggiaggegt?’fﬁv\ggsf ound
30 that the positioned (o khatsthe strednqrihe| eytended transversely to

conventi onal & 7000 M ed IO SRR NGE bdbhest8aEBoMRE! VAR edgebif the
| ongi tudi nal shear failure by a nechani sm o;_ hoyi zont al ..
composite glab of each copposite was positioned to run
parallel to the top flange of a steel beam, as occurs for
10 perimeter beams. As indicated above, the composite beams
also comprised comventional horizontal reinforcement with
bars laid transversely to the.longitudinal axis of each of
‘the steel beams. The composite beams were loaded by

applying a downward force.

is It was found that horizontal splits formed in the
concrete between the tops of the steel ribs of the profiled
steel sheeting that were sdjacent to the pans in which the
shear connectors were positioned. " Part of the compressive
force in the concrete glab arising from the flexural action

20 of the composite beam was directed across the horizontal
plane through the tops of the gsteel riba wherever shear
connectors occurred. Therefore, at these locations the
steel ribs presented a source of weakness to the composite
beam. However, at pans without shear connectors, no shear

25 force was transmitted across the horizontal plane through
the tops of the steel ribs and the splits did not form.

It wag also found that the horizontal splits

locally avoided the shear connectors by passing over the
tops of the shear connectors. '

o It was also found that longitudinal slip between
a concrete slab and a steel beam of the order of only lmm
was necessary before tha ghear connection failed suddenly,
which was entirely unsatisfactoxry since such failures are
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—3- splitting along the |line of shear connectors in the
corrposrte sl ab. The research was carried out on
corrposi te beans formed fromprofiled steel sheeting conprising open steel
ribs 3@&% gf by pans. The profiled steel sheeting waspCI/AV95/00867
SO

posr tione at the steel ribs extended transversely to t he
| ongi tudi nal axis of each steel beam An gijg_e of the conposite
sl ab of each conposite beam was posrtrone to run parallel to

the top flan #@q ° unel%eaaere P GET.
As i ndi cat ed%ecqut%he%%co Q%a;%eam; diff als | so conprirged ¥
convent i onal the ishanm|connantarst ihtaignificantly “nde’B%ﬁ’sl*%
transversely to the |ongitudinal axis of each of t he steel

beans. The conposite- beams re | oaded ward |
f or ce. 15 addl %I f‘f%’mf‘ﬁﬂﬂ Ghat ztgff?zﬁl \%rﬁ'[iso
in the horizomtyl rﬁm«mthewnbm wids t titougise | shoubd (vrevmm:

Phe s premspure fnefriilagd aighe FAERER" Beifed Yo e I\ 1

force in the mummglmmosizgntabmpmslmmhamhm was als@®(Q of

t he conposit %&_e gntmig gPat al pl ane
t hrough the t ﬁg%y?he S + er ever %éear connectors
occurred. Therefore at these Iocatrons t he steel ribs

presented a source of uaakiofsed Gk Nend WHASAE invention is NSBrovamwer,

at pans wi t hout shear connect or

transmtted oRr@QEPPRLte Pedy i?' p‘o'%€°?'ﬁ‘?'oﬁﬁﬁi”an°e &' f°a?m£€“‘?%§1 of

the stedlp ri bghead £aLlGpei 65 the tvpef destribed in the preceding It was
al so found that the hﬁrr zontal splits | ocal |y avoi ded the

shear connectBE2 §S|ng over the ‘ tops of the shear
connect or s.

According to the present invention there is
provided a composite beam compxising:

(a) a beam; '

15 (b) a composite slab positioned on the bean,
' the composite slab comprising:

(1) profiled sheeting having a plurality
of pans peparated by ribs, the
profiled sheeting being positioned

20 so that the ribs extend transversely
to the longitudinal axis of the
beam;

- e k.#

(11) concrete cast on the profiled
sheeting;

25 (¢) a plurality of shear commectors which
connect the composite slab to the beam; and

(a) a reinforcing component embedded in the
concrete slab, the reinforcing component
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& concrete slab and a steel beam of the order of onl y 1mm was
necessary before the shear connection failed suddenly, whi ch

was entirely unsatisfactory since such failures are : WO 96/ 06994
PCT/ AW95/ 005@396,069% difficult to design against, and al soptRAUSKEEE?
e sh

capacity of
I n addition,
rei nf orcenment,
shear failure,

and therefore was al so entire

ear conectors is S|gn|f|cantly underutilised.

it was found that the conventiogal hori zont al
whi ch was t hought shoul d prevent 5 premat ure | ongi t udi nal

appeared to asmﬂv*& a rej &!ﬁdd‘% ﬁgﬁ%&g@”hﬁ&ﬁb' ts

unsatl act ory o

An object of the present inventthrrugh tap slmaginary hoxizontedsplanecihafi t h
i nproved resistance to | ongi t%aﬂiﬂeslchhxawrtﬂ@lddﬁaedﬁ thia YHHAC of the

described in the preceding raphs. .. According to
the present invention there is pﬁo%f%%ﬁ%??%&%mv@%emi ng:

(ay a beam5

10

15

20

25

longitudinal shear failure of the composite

beam.

The applicant has found that the reinforcing
component described in gub-paragraph (d) above improves
dramatically the transfer of horizontal force between the
compogite slab and the beam of the composite beam.

A8 a consequence, the present invention makes it
possible to avoid premature longitudinal shear failure of
the structural composite beam at loads below the load at
which the shear commectors have achieved full potential
strength.

In addition, as a consequence, the present
invention makes it possible to use significantly fewer
shear connectors than would otherwise be required.

It is preferred that the beam be a gteel beam.

It is preferred that the profiled sheeting be
profiled steel sheeting.

It iz preferred :l:;_g._i_: ‘the beam be supported at
each end. )

In one embodiment, it is preferred that the beam
be an internal beam.

In another embodiment, it is preferred that the
beam be a perimeter beam.

It is preferred that the composite slab further
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the. conposite slab conpr|5|ng (i) profiled
sheeting having a plurality of pans separ at ed.
by ribs, the profiled sheeting being positioned.
20 so that the ribs extend transve&,&q}wm“-,
to the | ong‘ﬁf(i"%m axis of the . beam
(ii) concrete cast on the profiled 6 sheeti ng;
25 (c) a plurality of shear connectors which
connect the c {&) ety

ded wire fab a
rei nforcing conp enfe ﬁéﬁ&t%qu@ﬂdas welded wire cozr‘mrete e?a%d
t he reinforci fp dhpcranrete of the coppraite slab.
PCT/ AU95/ 00567 haV| ng a reinforcing el enent that
ext ends t hrough an inmagi nary hori zont al Ian t hat
passes through the t ops T# i P%8 ‘{' tg the ‘shear connec °rﬁ)§ﬂ| | ed

sheeting to prisasaéd E€WES Ll €Tte sheaxr connectors hafJbé USE Nhy SOEREx
failure OE the, &ft%ofétteom such as structural bggﬂ:s 0y channels.

In one arrangement it is preferred that the
reinforcing component comprise walded wire fabric having a
series of folds with peaks straddling the ribs and troughs
contacting the pans.

10 With such an arrangement, the reinforcing element
comprises the sections of the longitudinal wires or the

cross~-wires of the welded wire fabric that extend between
the peaks and the troughs.

In an altermative arrangement, it is preferred
15 that the reinforcing coxponent be a cage which at least

partially encloses one or a groﬁ.p of the shear connectors
in a pan.

With such an arrangement, the reinforcing element
comprises the upright sections of the cage.

20 In one embodiment, it is preferred that the cage
be formed from deformed reinforcing bars.

. . @
In another embodiment, it is preferred that the
cage be formed from welded wire fabric. '

The present invention is described further by way
25 of example with reference to the accompanying drawings in
which:

Figure 1 is a perspective view which illustrates,
in simplified form, a preferred embodiment of a composite
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sub- parragraph (d) above i nproves dramatically the transfer of

hori zontal force between the 10 conposite slab and the beam of the
gonposite beam As a consequence, the present invention
makes it woesMEydsi Pl e to avoid prenmature |ongitudinal sheapcraivosmesspf

the structural conposite beam at | oads bel ow the | oad at whi ch the
shear connectors have achieved full potentisl. 15 st rengt h.

In addition, as a consequence, the present i nvention makes it possible

to use signifpeaf in hevdrdance Wit tHY Jcddumt titvedidnt ot herwi se be
required. It is preferred that the beam be a steel beam
20 It is preferred that the profiled sheeting be profiled

st eel sheeting. Figure 2 ibt ams elesfationd cithahet ponpoaite bugaport ed
at . each gg‘ lllﬂ % qm}ﬁgi jt_d referr. hat
t he beam 25 E anilnnFéLFr‘]lgF %eg'% e rgnfn"'llhé zi'h%f%grfefﬁ)olg‘{liﬂéﬁ?,
i't is preferrdéd that the beam be a perineter beam _ | t
is preferred that the conposite slab further
5 _ Figure 3 ig a perspective view of the reinforcing
component ¢©f the preferred embodiment of the composite beam
in accordance with the present invention that is shown in
Figures 1 and 2;

Figure 4 is a perspective view of the
10 reinforcement component of anpther preferred embodiment of
a composite beam in accordance with the present invention;

Figure 5 is a perspective view of the reinforcing
component of another preferred embodiment of a composite
beam in accordance with the pregsent invention;

15 . Figure 6 is a perspective view which illustrates,
in simplified form, another preferred embodiment of a

composite beam in accordance with the present invention

Figure 7 is a perspective view of the reinforcing
20 component of the preferred embodiment of the composite beam
in accordance with the pregent invention that is shown in

Figure 6.
RS-
The preferred embodiment of .the composite beam 3
. in accordance with the present invention that is shown in
25  Figures 1 to 3 is in a simplified form to illustrate the
. composite beam 3 more clearly.

With reference to the figures, the composite beam
3 comprises:
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conprises reinforcenent such as welded wire fabric enbedded in the
concrete of the conposite sl ab. It is preferred that the.
shear connectors be headed studs. The shear connectors nay be of any
other 5  sybleg@éedaf or m such as structural bolts or channel speryavosoosst

In one arrangnent it in preferred that the rei nforci ng conponent
conprise welded wire fabric having a -Sgries of folds with peaks
straddling the ribs and troughs contacting the pans. 10

Wth such an arrangenenta) he of ®ioHi¥oiital 18} Ydnding HUIFIIIRY ke
sections of the |ongitudinal wctes or the cross-w.res qQf the wel ded
wire fabric that extend bet mg#rlca%%%%m%pupported
In an alternative arrangenent ati ieach mxeferred 15 that the reinforcing
conponent be a cage which at |east partially encloses one or a group

of the shear connectors I n a pan. Wth such an

arrangenent, the reinfor@hg & cwsmesite sdakqoamprisiqagrpright sections of
t he cage.

@ois

5 (i) profiled steel sheating 7 in contact
.with the top flange 9 of the steel
beam 5, the gheeting 7 comprising a
" plurality of parallel steel ribs 11
-separated by pans 13 and positioned
10 8o that the ribs 11 extend in a
direction that is transverse to the
longitudinal axis of the beam 5; and

(1i1) conerete (not shown) cast on the
gheeting 7;

15 (¢) a plurality of shear comnectors 15 in the
form of headed studs which extend through
the sheeting 7 and are welded to the top
flange 9 of the beam 5; and

(a) a reinforcing component 19 in éhe concrete
20 ' slab for preventing premature longitudinal
' shear failure of the composite beam 3.

The beam 5 and the composite slab may be of any
suitable dimensions and construction. Typically, the
composite glab has a thickness of at least 120mm. In

25  addition, whilst the sheeting 7 shown in Figures 1 and 2
has a dovetail profile, the sheeting 7 may be trapezoidal
of any other suitable shape.

The reinforcing compoment 19 is formed by bending
the longitudinal wires 41 of a piece of welded wire fabric
30 to form, as can best be seen in Figure 2, a perieg of
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f or-med *from def ormed rei nforcing bars. I n anot her
enbodjment, it is preferred that the cage be formed fromwel ded wire
fabric. The present invention is described further by way -
25 of exppRispesdyt h reference to the acconpanyi ng draw ngsPCU/AUIS/0056Ri ch:
Figure 1 is a perspective view which illustrates, in sinplified form
a preferred enbodi mrent of a conposite - 9 - VWO 96/ 06994

PCT/ AU95/ 00567 beam in accordance with the present invention;

Figure 2 is agoghgvati on of the conposite beam shown in Figure'1l in
the direction of the arrow A in Figure 1; 5 Figure 3 is
a perspective view of the reinforcing conmponent of the preferred

embodi ment of the conpogat theepreferreidn embodisente shiotn time Rigurest 1 to
| nventi on that3 %h%h e:.nt.EQ:cmg component 19 is pogitioned so that the
longitudinal wires 41 extend transversely to the ribs 11
5 with peaks 43 straddling the ribg 1l and troughs 45
contacting the pans 13 of the sheeting 7. With this
arrangement, the cross-wires 47 of the welded wire fabric
extend parallel to the ribs 11 of the sheeting 7.

The welded wire fabric may be of any suitable

10 dimengions and construction. Typically, the welded wire
fabric is formed from deformed wire having a diameter of 6
- 8mm with a spacing of 150mm between the 4 longitudinal
wires 41 of the welded wire fabric -~ thus making 450mm the
nominal overall width of the reinforcing component 19.

15 Tvpically, 600 -~ 1800mm lg the nominal overall length of
the reinforcing component 18.

when a structural composite beam 3 of the basic

type shown in the Figures 1 to 3 is loaded, longitudinal

8lip is induced between the.composite slab and the steel

20 beam 5 which is resisted by the ghear connection between
these components.

In a conventiomal structural composite beam
{without the reinforcing component 19) the shear connection
conprises:
. &

28 (a) the shear connectoxrs 15;
(b) concrete cast in a sglab; and

(¢) conventional horizontal reinforcement in
the vicinity of the shear comnectors 15.

The shear commnection also comprigses the gheeting
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rernforcenent conponent of another preferred enbodi nent of ©a conposite
beam i n accordance with the present invention; Figure 5 is

a perspective view of the reinforcing conponent of another preferred
enbodi ment _ of nposite beamin accordance with the

I nventi on;%@s&ﬂ Figure 6 is a perspective view \I%rhcﬁi 00567
il lustrates, in sinplified form another preferred enbodi nent of a
conposite beamin accordance with the preés | nventi on; and

Figure 7 is a [ A t ' [ 0] e
preferred enbo'}(;ie{n%ﬁ%faﬁ%%é O%Bsi{%%%%&%& H?ﬁga%%%ﬁgggé)%tgé?%g
present i nventbeamthatEox ¢ rby puddlguwelds. The
preferred enbodi nent of the conposite beam 3 i n accordance with the
present invention that is shown in 25 Figures 1 to 3 is in a sinplified
formto illustrate the HowevYehm & (ACEREAARCWALR| Ehe Bresent

Wth ref er enceifventton) Rl Sshéde 66nRe6tL6nbaTTO compBis@sPEHSEES:

5 reinforecing component 19 as shown by way of example in
Figures 1 to 3.

The reinforcing componeat 19 is designed to
specifically prevent premature longitudinal shear failure
and, in particular, premature longitudinal shear failure

10 cauged by a mechanism of splitting of the composite slab in
a horizontal plane across the.tops of the gteel xibs 11, as
well as by other mechanisms.

In general terms, the reinforcing component 19 is
designed to improve the transfer of horizontal forces
15 between the composite slab and the steel beam 5. In
research work carried out by the applicant the reinforcing
component 19 shown in Figures 1 to 3 has been found to be
effective in achieving this objective.

_ - Flgures 4 and 5 illustrate two altermative

20 congtructions of the reinforcing component 19. These forms
of the reinforcing component 19 are gimilar to that shown
in Figures 1 to 3. Specifically, the reinforcing
components 19 are formed by bending the longitudinal wires
41 of welded wire fabric. However, unlike the reinforcing

25 component 19 ghown in E‘:'.g'u:'.-'e‘g- 1 to 3, the spacing of the
croas~wires 47 of the embodiments shown in Figures 4 apd S
is not uniform. In addition, in the case of the
reinforcing component 19 ghown in Figure 5, the troughs 45
are flat rather than curved.

30 Wwith reference to Figures 6 and 7, another
preferred embodiment of the reinforcing component 19
comprises a “cage" formed f£rom deformed reinforcing bars
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(a) a‘horizontally extending hot-rolled or fabri cated
steel. beam 5 which is supported . at each end;

(b) a conposite slab conpri sing: 5 (1) profiled

st eel sheefigygnéedsn cont act W t POTVAUISHPSE?| ange
9 of the steel beam 5, the sheeting 7
conprising a ~-pllaral ity of parallel steel ribs
11 ' separ ated by pans 13 and positioned 10

so that the rivwiichl isxidusigned to enclose a group of shear céompectonst kit
IS transverse ;o | ongi tudi nal axis of the
beam 5; and il é%ean 11. (1) concrete (not shown) cast on the
sheeting 7; 15 (c) a plurality of shear connectors 15 in the
form of headed studs whiggfa @uge'GdupL4kds two loops S1 of defoihéd SFERéi Ng
7 and are welded to the top . ??an e.9 of the beamb5;
and which azebent r’éﬁﬂcﬂc‘?’hﬁ“%ﬁ%oﬁ@ﬁ#lﬂrgﬁl?ﬂeaEGnﬁFﬁt e 20

?I alb for fsr exaﬁﬁww&e&@%ivﬂénaaefomed t?]inforcing bashess.
ailure of t conposi t eam 3 e . an e
conposite sl ag”%?%?%%};rﬂlre £°"1§%‘Ft38| EhﬁFn%R‘gl gﬂgegngg%gﬁgf‘guégi Sﬁg
Typical ly, theloops 51 can be located in the region of the junction of
the ribs 11 and the pan 13. '

As with the arrangement shown in Figures 1 to 3,
10 it has been found by the applicant in research work that
the use of the reinforcing component 19 as shown in Pigures
4 and 5, in conjunction with other structural components
which form the shear connection, substantially prevented
longitudinal shear failure of composite beams.

15 Many modifications may be made to the preferred
embodiment of the composite beam of the present invention
without departing from the spirit and scope of the present
invention.

By way of example, whilst the preferred
20  embodiment described in relation to Figures 1 and 3
comprises a beawm 5 and a profiled sheeting 7 formed from
steel, it can readlly be appreciated that the pregent
invention is not so limited and extends to beams 5 and

profiled slab soffits formed from any suitable material.
. . |ﬁ!
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t he- sheeting 7 shown in Figures 1 and 2 has a dovetail profile, the
sheeting 7 may be trapezoi dal of any other suitabl e shape.

The reinforcing conponent 19 is fornmed by bending - the 1 ongitudi nal :
wires 41 afogeméssse of welded wire fabric 30 to form as pefsBeGiesee seen
in Figure 2, a series of WO 96/ 06994

PCT/ AU95/ 00567 - 12 - -9 fol-ds- _

In the preferred enbodi ment shown in Figures 1 to _ ' i ng

conponent 19 is positioned so that the | ongi t udi ’]H me &“E l ﬁmnd

transversely ,ribs 11 5 wth peaks 43 straddli® L sll+and
CEA RS

troughs 45 acting the pans 13 of the sheeting 7. Wth this
arrangenent, the cross-wires 47 of the welded wire fabric ext end »

parallel to the ribs 114 of tl}p %W%é;i@eaaeam °?1?ris%??hcti-rhe wel ded wire

fabric may be of any surtable 1 Nenst ons a con on. Typically,
the wel ded wire fabric is formed from defornmed wi re having a di aneter
of 6 - 8Mwith a gppci ng gdad>O0mMm between the 4 | ongitudinal

wires 41 of the welded wre fabric - thus nmaki ng 450mm t he nom nal

overal | width of the reinforcing component 19. 15 Typically, 600 - 1800mMm
is the nonminal overall (#®ygths Giomposite slab positioned on the bean,

5 ' the composite slab compriginag:

(1) profiled sheeting having a plurality
of pans geparated by ribs, the
profiled sheeting being positioned
so that the ribs extend transversely

10 to the longitudinal axis of the
beanm;

(31d) concrete cast on the profiled
sheeting;

{(c) a plurality of shear connectors which
15 connect the composite slab to the beam; and

(d) a reinforcing component embedded in the
concrete slab, the reinforcing component
having a reinforcing element that extends
through an imaginary horizontal plane that

20 passes through the tops of the xribs of the
profiled shee¥ing to prevent premature
longitudinal shear failure of the composite
beam.

2. The composite beam defined in claim 1
25 wherein the beam is a steel beam.

3. The composite beam defined in claim 1 or
claim 2 wherein the profiled sheeting is profiled steel
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“beam 3 of the basic type shown in the Figures 1 to 3 is |oaded,

| ongi t udi nal slip is induced between the conposite slab and the steel
20 beam 5 which is resisted by the shear connection between t hese
c‘orrponent%ﬂ 96/069 In a conventional structural cpgpasbéeosbeam
(wi thout t R 9694%4 or ¢ ng conponent 19) the shear connection

conpr.i ses: 25 (a) the shearqgonnect ors—15;

(b) <concrete cast in a slab; and ( ‘ '

hori zontal reigRbRtG@IENt iN t he qmﬂﬁmﬂummmﬁglmhear
connectors 15. The shear connection al so conpai ses +l he
sheeti ng WO 96/ 06994

RCT/ AU95/ 00567 4. The composite. beam defined in anf ione o
;33_3} 19 S e e dRassy e R vieddfn S vean 18 RPporded AT PV

end.
5 5. The composite .beam defined in any one of

the preceding claims wpére:‘.n the beam is an internal beam.

6. The composite beam defined in any one of
claims 1 to 4 wherein the beam is a perimeter beam.

7. The composite.beam defined in any one of
10 the preceding claims_ further compriges a mesh reinforcement
enbedded in the concrete of the composite slab.

8. The compogsite glab defined in any one of
the preceding ¢laims wherein the shear connectors are
headed studs.

15 9. The composite beam defined in any one of
the :preceq_:fmg ¢claims wherein the reinforcing component
compriges welded wire fabric having a series of folds with
peaks straddling the ribs and troughs contacting the pans.

10. The composite beam defined im claim 9
20 wherein the reinforcing element comprises the sections of
the longitudinal wires or the cross-wires of the welded
wire fabric that extend hetw"e'?gn the peaks and the troughs.

11. The composite beam defined in any one of
claims 1 to 9 wherein the reinforcing component comprises a
25 cage which at least partially enclogses one or a group of
the shear conmectors in a pau.

12. The composite beam defined in claim 11
wherein the reinforcing element comprises the upright



Howd (&% | 97 ARGdentdBAk: 81,3 t 9248 NE83pr eSEURIFFITH HAOKention, the shear . Bo22
connection also conprises the 5 reinforcing conponent 19 as shown by Way

of exanple in Figures 1 to 3. : The reinforcing

conponent 19 is designed to specifically prevent premature

| ongi tud| failure and, in particular, premat i nal
shear fail ubg?@@% caused by a rrechanl sm of spli tt| ng of tﬁ%@g%rgr%?solg% sl ab

in a horizontal plane across the to 5149f the steel ribs 11, as

\rNg: Inf gfcfo%goggzgeggggazlgsge cagedesigned to i Irrgrg\elge{ ﬁil“lﬂlﬂuu mnﬁlll " I“I

hori zontal forces 15 bet ween Fhe conposite slab and thé sfeet tHearfi 5* In
research work carried out by the applicant the reinforcing conmponent
19 shown in Figures 1 tp33 hamhbeeamﬁeumdetheha definedlf #at cxaimniachi eving

20 ° constr uc PPERELB: TR PEPAB, EHHemh AToae detrme reliEontlad bRTAC |2

reinforcing conponent 19 are simlar to that shown in Figures 1 to 3.

Specifically, the reinf Qﬁm ng!hel ﬁoésgggp_gnb dgﬁgngar Eﬁdci?h@eﬂg' ng the

| ongi tudi nal wires wre fabric

rei nforcifhg 29beredmshencage dimofvrmed-ifaom: welded yiztehéam@‘ -ng of the
cross-wires 47 of the enbodi ments shown in Figures 4 and 5 i s not
uniform In addition, in the case of the rei nforcing conponent 19
shown in Figure 5, the troughs 45 are flat rather than curved. 30
Wth reference to Figures 6 and 7, another preferred enbodi nent of the
rei nforcing conponent 19 conprises a "cage" formed from def orned

rei nforcing bars
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—42—— — —whitth 1S designed to enclose a group of shear connectors 15
in a pan 11. The cage conprises two | oops 51 of deforned
wre - whi ch are bent into a U-shaped configuration and are 5 .
i'nt erconnected by parallel defornmed reinforcing bars 53. s 51
are fornEdW9@@Pﬂ§E the | ower sections of the | oops 51 ggﬁ’ngnggted
in the region of the junction of t ribs 11 and the pan 13. _
As with the arrangenent shown in Figures 1 to 3, 10 it has been found by
the applicant in research work that the use of the reinforcing
conponent 19 as shown in Figures 4 and 5, in conjunction with other
structural conponents whi ch formthe shear connection, substantially
prevent ed | ongi tudi nal shear failure of conposite beans. 15

Many nodifications may be nmade to the preferred enbodi ment of the
conposite beam of the present invention W t hout departing fromthe’
spirit and scope of the present i nventi on. By way of
exanpl e, whilst the prefefred 20 @enbodi ment dgACTFHRd in relation to

@o23

Figures 1 and 3 ~~ //4/
1
Vs

131 13



conpP{%eSTaTHEAM33 BAXIS K 3prazitd |38dy sheelek g1 Ta fwered from steel, it

can’Treadi |y be appreciated that tthe present i nvention is not so @o24
limted and extends to beans 5 and profiled slab soffits fornmed from
ag% suitable material . WD 96/ 06994 :

PCT/ AU95/ 0Q56 - 12 - ;

1. A con%gg;f’g”%am conpri si ng: (a) a bea"ﬁj%%“?

(b) a conposite slab positioned on the béQH1 5 t he :
conposite slab conpri sing: (1) profil ed sheeting
having a plurality ' of pans separated by ribs,
t he : profiled sheeting being positioged
so that the ribs extend tranév% sely M% o the

| angi t udi nal axis &l the | 13 7 b3 eam

i concrete cast on th rofitl e sheetin
() f2% 1| 47 1 15 0

1S| : 7

13 &

.
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o=t
w
V.

un
-t
o
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) ; 92 .
(c) a plurality of shear connégt%“r"g whi GRIEFRTE Hack connect the
conposite slab to the beam and (d) a reinforcing
conponent enbedded in the concrete slab, the
rei nforcing WEBHNE havi ng a reinforcing el enent
t hat extends 95 _ t hrough an i magi nary horizontal plane
t hat 20 passes t hrough tal}s tops of the ribs RET/AU8/00567

profiled sheeting to prevent premature

shear failure of the conposite beam
2. The conposite beamdefined in SRR 1 25 wherein the beamis a steel
beam _ 3. The conpos
cldim2 wherein the profiled s@eﬁn
PCT/ AU95/ 00567 WD 96106994

/]

| ongi t udi nal

. - 13 -
ed in any one of

sheeting.- o
gach

t he preceding GI.T;

Qo
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end.” 75T T T T 57"‘”Tﬁé“€dﬁﬁ6§rrec TR B %ned i n any one of the gozg

preceding clainms wherein the beamis an internal beam 6.

The conposite beam defined in any one of claims 1 to 4 wherein the

beamis a pS*ineter beam 7. The conposite beam defi ned

in any one 0 906994 e preceding clains further conprises a PEIIAUIS/IO0567

r ei nf orcenent enbedded in the concret &/f the conposite sl ab.

8. The conposite slab defined in any one of t he preceding clains

wherein the shear connectors are headed studs. 15 9.

The conposite beam defined in any one of <R Me precedi ng clai ns wherein

the reinforcing conponent conpri ses g W\TR\f abri c havi ng Series

of.folds with - peaks straddling t ribs j Nhs contactin e

pans. K 10. The conpesit e™be; (n claim9 20

wherein the reinforcing el enent conprises t ‘ t he !

| ohgitudinal wires or the cross-wires of the W re fabr hat

extend between the peaks and the troughs. 11. Th
erein the
artially

n

conposite beam defined in any one’ of
rei nforcing conponent conprises a 25
encl oses one or a group of the s ﬁﬁf‘
12. The conposite beam defined in CLVV'

'/
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PCT/ AU95/ 00567 sections of the cage. 13. The

conposite beamdefined in claim12 wherein the cage is forgesrom
deformed reinforcing bars. 14. The conposite |@sthpsefined in

claim12 5 JM&TERin the cﬁmnmm@gmm re f abr Nea
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(54) nﬂey/cowosrre BEAM

(57) Abstract

A composite beam (3) for the building industry is disclosed. The composite beamn (3) comprises: i i
A | prises. a horizontally extending beam (5);
a composite slab formed from profiled sheeting (7) and concrete cast on the sheeting (7). a plurality of shear connyectars u§§ ex:end‘in)g

through the shecting (7) and welded to the top flange of the beam (5); i i
preventing premature longitudinal shear failure of the coz(nggositc beam (3).(5)' a_t_td * elafoucing composat (19) in tho concreie slab for




