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A COHPOS:tft BDK 

!'he present invention relates to c~osite beams 

£0~ the building industxy. 

The term •c~os:i.te beam" is understood herein to 
mean a beam, preferab1y foJ:med from steel, and a solid or 
composite slab interconnected by shear connection to.act 
together to resist action effects as a single structural 

member. 

~e tez:m ''shear connection 11 is understood herein 
10 to mean an inte:reonnect:!.on between a beam and a solid or 

composite slab of a composite beam.which enables the two 

components to act toget.her as a single structural member. 

xn conventional c<>DQ;>osite beams, tl'Pically, the 

ab.ear connection comprises shear c0nnectors, slab concrete, 
15 and traDBverae reinforcement. 

The term. "shear ccmnecto:r 11 is underst.ood herein 
to aean a mechanical device attacbecl to the top f'lange of a 
steel beam which foXJDS part of the •hear connection. 

ln particular, the present invention relates to 
20 composite beams of the type comprising: 

25 

. ·~ 

(a) a horizontal beam (typically steel) 
supported at eaoh end; 

· (b) a composite slA:b poait~one4 cm. alld 

supporte4 by the st.eel beam. an4 cOJDpr:i.sing: 

( :l). p~ofiled metal (typically steel) 
sheeting. 
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(ii) concrete cast on the sheeting, and 

(iii) reinforcement embed4ed.in the 

concrete; and 

a p1ura1ity of shear connectors, typiea1ly 
:Lu the fozm of headed studs, embedded in 
the co~rete and extend.ing through the 
sheeting and. welded to the top flange of 
the beam thereby to connect the composite 
s1ah to the beam. 

The prese11t invention is concer.ned particularly 
with reinforcing the type of composite beams described 
above so that the composite .beams have auf f ic:i.ant 
longitudinal shear capacity for the longitu4inal forces 
arising from compressive stresses that 4e•elop across its 

15 width and within its depth to J:>e transf'e.r.re4 to the shear 
cozm.ectors and thereby to prevent premature 1oncritu4ina.1 
shear failure of the composite beams. 

~he conventional reinforcement !or preventing 
1on.gitu4inal shear failure in t.he type of composite beams 

20 described above comprises defo:z:med reinforcing bars or 
we1ded wire ~a.bric em.bedded in a horizon.ta1 poa:i.tiou in the 
concrete of the c~osite slab. The reinforcement is 
arranged to extend t.ransverse1y to the longitudinal axis of' 
~he c~osite ~eam end. therefore crosses potential 

25 1ongitudinal shear surfac~s ... ~ :by this mecbani.sm is 
thought to contribute to the lcmgit\14.is:aal shear capacity of 
the co~osite slab. 

However, in researob carried out by the applicant 
on the type of composite beams described above it was found 

30 that the c~osite beams t.ested. which inc1u4ea such 
conventional borimontal re:lnforeement, :failed prematurely 
by longitudinal shear failure by a mechanism of horizontal 
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splitting along the line of shear cODtLectors in the 

c~osite slab. 

The research W&S carried out OD CompOSite beams 
f o:med from profiled steel sheeting cmQP:r:iaing open steel 
:r::i.J)s separated by puis. The profiled steel sheeting was 

positione4 so tb.at the steel ribs extended transversely to 
tbe longitudinal axis of each stee1 beam. AD edge of the 
composite slab of each composite beam was positioned to run 
parallel to the top flange ot a steel beam, as occurs for 

10 perimeter hes.ma. As indicated above., the composite ])eams . . 

~lso comprised couveutional horizontal reiDf orcement with 

bars 1aid transversely to the.longitudinal· ax:is of aacb of 
the steel beams. 'l'he composite beams were loaded by 

applying a dOWD.Wa:r:d force. 

15 :Ct was found that. horizontal splits formed in the 
concrete between the tops of the steel ribs of ~ profiled 
steel sheeting that were a.d:lacent to the pans in which the 
shear ccmnectors were positioned. "Part of the compressive 

force in the concrete slab arising from the flexural action 
20 of the composite beam. was directea across the horizontal 

plane through the taps of the steel ribs whe!l:'ever shear 
connectors occurred. '!he~fore, at these locations tbe 
steel ribs presented a source of weakness to the composite 
beam. However, at pans without shear connectors, no shear 

25 force was tJ:ansmitt.ed across the ho:r::i.zontal plane through 
the tops of the steel ribs and the splits did not foz:m. 

30 

. .. ... ,.::;;-

Xt was also found that the ~orizontal splits 
locally avoide4 the shear connectors by passing over the 
tops of the shear connect:ors. 

lt was also found that longitudinal slip between 
a concrete slab and a steel beam of the order of only 1mm. 
was necessary.before the shear connection failed suddenly, 
which. was entirely unsatisfactory since such failures are 

iai 011 
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difficult to design against, and also the shear capacity of 

the shear connectors ~s aignif icantly unde:r:utiliaec!. 

:en add:lt.lon, it was found that the conventional 

horizonta1 reinforcement, which was thought sh0'1ld ·prevent 

S prematu~e 10Jl5Jitu.4lnal shear failure, appeared to assist in 

initiating the horizontal splits and therefore was also 

entirely unsatisfactory on this basis. 

An object of the present invention is to p~vide 
a composite beam with improved resistance to longitudinal . . 

10 shear failure of the· type described in the preceding 
paragraphs. 

15 

20 

25 

According to the present invention there is 

provided a composite beam comprising: 

(a) a beam1 

())) 

(c) 

a composite slab positioned on tbe beam, 

the cODQi)oaite slab co:mpr1sinQ': 

(i) profiled sheeting having a plurality 

of pans separated by ~ibs, the 

profiled sheeting being positioned 
so that the ribs extend transversely 

to the longitudinal axis of the 

beam; 
.... ~ 

(ii) concrete ca~t on the profiled 
aheetina1 

a plurality of shear eonn.ectora which 

co:anect the cmQPosite slab to the beam; and 

(d) a reinfo~cing component embedded in the 

concrete slab, the reinforcing COlQPcment 

~012 
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having a :r:einf orcing element that extends 
thrcNgh an imaginaz:y horizontal plane that 

passes through the tops of t:he ribs of the 
profiled sheeting ~o prevent premature 
longitudinal shear failure of the composite 
beam. 

De appliaan.t has· found that the reinforcing 
com.po11e11t. described in sub-paragraph · ( d) above improves 
dramatically the transfer of horizontal force between the 

10 composite alab and the ~am of the composite beam. 

As a consequence, ~he present invention makes it 
possible to avoid premature longitudinal shear failure of 
the structural composite beam at loads below the load at 
which the shea:r connectors have achieved full potential 

15 strength. 

20 

Xn addition, as a consequence, the present 
invention makes it. possible to us~· significantly fewer 
shear connectors than WC'uld otherwise be required. 

:r:t is prefe:r::z:ed that the beam. be a steel beam. 

Xt is pref erred tba.t the profiled sheeting be 
profiled steel sheetina. 

each end. 
Xt is pref erred that ·the beam be supported at t..::r• 

Zn one embodiment, it is preferred that the beam 
25 be an intenial beam. 

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

Xt is preferred that the composite alab further 

~013 
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comprises rainf orcement sueh as welded wire fabric embedded 
in the concrete of the coiaposite slab. 

~t is pref erred that the shear cono.ectors he 
headed studs. The shear aozm.ectors may be of ~Y other 

S suitable foxm such as structural bolts or channe1s. 

~n one arrangement it is preferred tbat the 
reinforcing component comprise welded wire fabric having a 
series of folds with peaks st:r:addling 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 we14e4 wire fabric that extend between 
the peaks and the troughs. 

~ an a1teJ:Dative arrangemeu.t,. it is pJ:e£erred 
15 that the reinforcing coq;,onent be a cage which at least 

partially encloses one or a group of the shear conn.ectors 
in a pan. 

20 

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

In one embodiment, it is preferred that the cage 
be fozmed from de£ormed reinforcing ha:r:s • 

.. -~ 
Zn ano~her embodiment, it is pre£erred that. the 

cage be f o%tled from welded w1z:oe fabric .• 

~ present invention is described further by way 
25 of ex&q)le with reference to the acconu;>anying drawings in 

which.: 

Figure 1.is a perspective view which illustrates, 
in s~lified form, a preferred embodiment of a composite 

la! 014 
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~eam in. accordance with the present invention; 

Figure 2 is an elevation of the composite beam 
shown in Pigure 1 in the direction 0£ the arrow A in Fioure 

s Pigure 3 is a perspective view of the rein£orcing 
component of t.he prefe.rred embodiment of the composite beam 
in accorClance with the pre~ent invention that is shown in 
Figures 1 and 2; 

Pigure 4 is a perspecti•e view of the 
10 reinforcement coq>onent of an!)ther preferred embodiment of 

a composite beam in accordance with the present invention; 

Pigure S is a perspective view 0£ the reinforcing 
component of another pref erred embodiment of a composite 
:beam. in accordance w!.th the p21:eaent invent:.ioni 

15 Pigure 6 is a puspect.ive view which .illustrates, 
in siq>lif iea £o:r:m, another pref erred embodiment. of a 
composite beam in accordance with the present invention1 
and . ,. 

Figure 7 is a perspective view of tbe reinforcing 
20 component of the preferred emJ:»odiment of the composite beam 

in accordance with the present: invention that is shown in 
Figure 6. 

25 

.· . ...> 

'!'he preferred embodiment of .the cODQ;)osite beam 3 
in accordanae with the present invention that is •hewn in 
Figures 1 to 3 is in a simplified fo:m to illustrate the 
composite beam 3 more clearly. 

With reference to the figures, the aoJqposite beam. 
3 comprises: 

rai 015 
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(a) a horizontally extending hot-rolled or 
fabricated steel beam 5 which is supported 
at each end~ 

(b) a composite s1ab comprising: 

(e) 

(Cl.} 

(i} profiled steel sheeting 7 in contact 
. with the top flange 9 of the steel 

beam. 5, the sheeting 7 comprising a 
plurality of parallel steel ribs 11 
separatea by pans 13 ~ positioned 
so that the ribs 11 extend in a 
direction that is transverse to the . 
longitudinal axis··of the beam 5; and 

(ii} concrete (not shown) cast on the 
sheeting ?; 

a plurality of shear cm::mectors 15 in the 
f oxm of headed stud.a which extend throucrh 
the sheeting 1 and are we1ded to the cop 
flange 9 of the beam S; and 

a reinforcing component 19 in t:he concrete 
slab for preveziting premature l~itudinal 
shear ~ailure o~ the composite beam 3. 

!l'he beam 5 and the COJIWOSite slab may be of aJ:1¥ .. .. , 
suital:>le dimensions and construction. i:rypically, the 
composite slab bas a thickneas o~ at 1east 120lml. In 

25 addition, whilst the sh8ating 7 shown in l'iaures 1 an4 2 
has a 4ovetail prof'ile, the sheeting 7 may be trapezoidal 
of any other suitable shape. 

'l'he reinf'orcing component 19 is f o%'me4 by bending 
the longitudinal wires 41 of a piece of welded wire fabric 

30 to form, as can best be seen in Pigure 2, a aeries of 

141018 
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folds. 

In the pref erred embodiment shown in Figures l to 
3, tbe reinforcing cOJJQ;>onent 19 is poaitioned so that the 

1ongitu4ina.1 wirea 41 extend tranaversely to the ribs 11 
5 with peaks 43 straddling the ribs 11 arid troughs 45 

contacting the pans 13 of the sheeting 7. With tbis 
arrangement, the cross~wires 47 o:f the welded wire fabric 
extend parallel to the ribs 11 of the sheeting?. 

'.rhe wel4e4 wire f abria may be of any suitable 
10 aimensions and construction. Typically, the welded wire 

:fabric is formed from def oxmed. wire having a d.iameter of 6 
- 8mm with a spacing of lSOmm between the 4 longitudinal 
wi~s 41 of the we14ed wire £abr:t.c· .. thus making 4SOmm the 
nominal overall width of the reinforcing c~onent 1.9. 

15 ~ically, 600 .. 1800mm. is the nominal overall length o:f 
the reinforcing component 19. 

When a stzuetural composite beam 3 of the basic 
type shown in the Figures 1 to l is loaded, longitudinal 
slip is induce4 between the.composite slab and the steel 

20 beam 5 which is resisted by the shear connection between 
these c~onents. 

25 

In a conventional structural co~osite beam 
(without the reinforcing component 19) the shear comaection 
comprises: .... ,, 

(a) the shea: connectors 15; 

(bl concrete cast in a slab~ ana 

(c) conventional horizontal reinforcement in 

the vicinity of the shear connectors 15. 

~he shear connection also comprises the sheeting 

iaio11 
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7 if the sheeting is attached by some means to the steel 
beam 5, for example by pudClle welds. 

However, in accor&m.ce with tbe present 
invention, the shear connection alao comprises the 
reinforcing component 19 as shOwn by way of exam,ple in 
Pigures 1 to 3. 

The reinforcing component 19 is designed to 
specifically prevent premature longitudinal shear failure 
and,. in particular, premature 1ong:i.tucl:i.nal shear 'failure 

10 caused by a mechanism of splitting of the composite slab in 
a horizontal plane across the.tops of the steel ribs 11, as 
well as by other mecbanisms. 

:tn general terms,. the reinforcing component 19 is 
aesigned to improve the t:r:ana£er 0£ horizontal f'orces 

15 between the co!IU)o&ite slab an4 the steel beam 5. Zn 

research work carried out by the applicant the reinf orc:i.ncr 
component 19 ab.own in F:i.gu.:r:ea 1 to' 3 has been f oUlld to be 
effective in achieviDg this objective. 

Figgz:-es 4 and 5 i11ustrate two alterua.tive 
20 constructions of the :r:a:i.nforcing coaponent 19. These forms 

of the reinforcing component 19 aJ:"e similar to that shown 
in Figures l to 3. Specifically, the reinforcing 
components 19 are formed by bending the longituclinal wires 
41 of welded wire fabric. However, unlike the reinforcing 

25 
. . ·' .. ..;;;;,. 

component. 19 ab.own in Figures 1 to 3, the spacing of the 
cross-wires 47 of' tbe embodiments shown in Pigures 4 aDd S 
is not unifo%'Dl. In additiOJl, in the case of the 
reinforcing component 19 shown in l'igure 5, the troughs 45 
are flat rather than curved. 

30 Wit.h reference to Pigures 6 and 7,. a.not.her 
pref erred embodiment o~ the reinforcing co:q;aonent 19 
c~rises a 11cage 11 formed from defoxmed reinforcing bars 

141018 
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which is designed to enclose a group of shear connectors 15 

in a pan 11. 

The cage c~rises two loops 51 of defozmed wire 
which are ~ent into a u-shaped configuration and are 

s intei:'Connected by parallel deformed reinforcing ~ars 53. 
The loops 51 are £oxmed so that the lower sections of the 
loops 51 can he 1oc._t~d 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 wozik that 

the use of the reinforcing c~oneiit 19 as shown in Pigures . 

15 

4 and 5, in conjunction with other stxuctural components 
which f oz:m the shear cozuiection, substantially prevented 
longitudinal shear failure of composite beams. 

Many mad.ifiaations may be made to the preferred 
embodiment of the c~osite beam of the present invention 
without departing from the spirit .na scope of the present· 
invention. 

By way of example, whilst the preferred 
20 embodiment. d.eac:ri1'ed in relation to Figures l &nd 3 

comprises a beam 5 and a profiled sheeting 7 foz:me4 from 
steel, it can :readily be appreciated that the present 
invention is not so limited and extends to beams 5 and 

profiled slab sof'fits formed from any suitable material. 
. . ,_;:;, 
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* C L M S * 

A composite beam comprising: 

a beam.r 

a co~~site slab positioned on the beam, 
the composite slab comprising: 

(i) profiled sheetina having a plurality 
of i;»ans separated by ribs, the 
profiled sheeting being positioned 
so that the ribs extend transversely 
to the longitudinal ax:Ls of the 
beam; 

(ii) concrete cast on the profiled 
sheeting; 

a plurality of shear comieators which 
connect the composite slal> to the beam; ·and 

a reinforcing component ·embedded i:a the 
concrete slab, the reinforcing c~onent 
having a reinforcing element that extends 
through an imaginuy horis:ontal plane that 
passes through t.he tops of the rihs of the 

•• "' • ,C,.• 

prof i1ed shee~ng to prevent premature 
longitudinal shear fai~ure of the composite 
:beam. 

2. Tile composite beam defined ia claim l 
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 

rai 020 
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sheeting. I lllllll llllll.lllll lllll II llll 
* C L M S * 

4 .. 'Ille coiqposita.beam defined in any one of 
. the preceding claims wherein the beam is supported at each 
ena. 

s. The composite.beam defined. in any one of 
the prece4ing claims w~erein the.beam is an internal beam. 

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

7. The composite.beam defined in any one of 
10 tbe preceding claims further compxises a mesh reinforcement 

embedded in tbe concrete of the composite slab. 

8. ~ composite s1at> defined in any one of 

the preceding claims wherein the shear COllZlectors are 
headed studs. 

15 9. The compot:tite beam defined in aey one of 

20 

25 

the preceding claims wherein the reinforcing component , .. 
comprises welded wire fabric having a series of folds with 
peaks straddling the ribs and trougba contacting the pans. 

10. -nie CQ3'POSite beam defined in claim 9 
wherein the re:i.nf orcing element comprises the sectioiis of 
the lOD9'itu4ina.l wires or the cross-wires of the welded 

c. :r;~ 
wire fabric that ext~ between t.he peaks and the troughs. 

11. 'l'he co~osite beam oefinea in aIJY one of 
claims 1 to 9 wherein the reinf orei~ component comprises a 
cage which at 1east partially encloses one or a group of 
the shear connectors in a pan. 

12. !'he composite beam defined in claim 11 
wherein the reinforcing element c~rises the upright 

la! 021 
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I lllllll llllll lllll lllll IHlll · 
* C L M S * sections of the cage. 

13. The composite beam defined in claim 12 
wherein the cage is fo:med from defoxmed reinforcing bars. 

14. The composite beam defined in claim 12 
5 wherein the cage is formed from welded wire fabric. 

la! 022 


