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floor systens o at span 20 1n excessgo 8 to 10 netres. This

i s typical | ysadia flogpeystearsgef uildingsi.t t hat floor slabs can extend w t hout

usi ng beans for structural support. Supporting columms are usually |ocated
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10 long spans in one or both directions and/or high floor loadings such as floor decks
for retail, recreational or other use. It can also be used for bridge decks and for
any other uses where long spans and/or high loads have to be carried between

supports.

One particular aspect of the invention relates to a floor beam used in
15 the construction of floor systems of a building and is preferably made from a
combination of two components, preferably made from steel, and a cementitious

material such as concrete.
BACKGROUND OF THE INVENTION

Beams are generally required for floor systems of buildings that span

20 in excess of 8 to 10 metres. This is typically the upper range or limit that floor
slabs can extend without using beams for structural support. Supporting columns

are usually located 6 to 9 metres apart of which a common spacing is 8.4 metres.

This is a suitable office module that accommodates the widths of a column plus
three spaces that may be used for vehicles located between adjacent columns

25 and used for any parking levels below the office floors (or retail floors, institutional
floors or other floors) of the building. Beams are required to span the larger
dimension of a rectangular floor panel between a grid of four columns or between

a pair of external columns on the outside of the building and the core or central
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engi neers or designers are faced wth in using a floor beamsystemis to
reduce the anmount of deflection of each beam either due to dead | oads or

live For the supporting beams the upper range of suitability for reinforced

concrete shallow band beams is about 10 to 12 metres. For pre-stressed shallow

15 band beams (usually post-tensioned) the upper range of suitability is generally 12
to 14 metres. However for spans in excess of 12 to 14 metres, special attention
and detail is required with common solutions being presented by either a steel
floor beam system or a pre-stressed concrete floor beam system.

In the steel floor beam system there are a series of steel beams

20 separated at their centres between 2.1 to 3.0 metres spanning the larger distance

of the rectangular floor plan and are in turn supported by “primary” beams that

span the shorter distance between the support columns. A particular problem that

most engineers or designers are faced with in using a floor beam system is to

reduce the amount of deflection of each beam either due to dead loads or live

25 loads or a combination of both. Unnecessarily large deflections and vibrations of
the floor systems can affect the amenity of the floor.

With the steel floor beam system used at present it has the
disadvantage that each beam needs substantial connections at its supports. The
beams and the connections usually require an applied protective coating to give

30 them resistance to fire. Although such steel floor beams can be made to act



25 | oads or a conbination of both. Unnecessarily |arge deflections and
vibrations of the floor systens can affect the anenity of the floor. Wth
t he st eelwbloooeo2beam system used at present it has the dipsacdwanvége t hat
each beam needs substantial connections at its supports. The beans and the
connections usually require an applied prdtective coating to give 30 them
resistance to fire. Although such steel floor beans can be nmade to act WO
02/ 099215 ROMpadii0Bdithahe Jetativplysthireflgorvélab thatethey! supipodl ysindisheat studss| ab

e, e SHBR o bR oRaER, ShSSn  ft TBARYER R ERPEFTRL
interface. dgpiclaetanshear shR @B&ﬂice@egé‘ﬂedﬁ@nslt of @@@@})ﬁél%%ﬁb'% Gead

as soon as the | oads are appli and can be all owed f by pre 5 canbering
t he beam Hoags mostly @scutias seen asiibe doatisvanerannliedsansliean be wailawst dox by preve

composi 15 sener I Bofi  Febia TRk deeing apf i BRe JRSRY waRSieht®
pre-stressdaie ke’ ate dfaaht indbremuprbbiemupadictiRirlyt ke fager %?ans, Heetiqd her
type of floor beam Sétsﬁt' emthat is generally used today is a 10

post - t ensi dipEPOSHecstael dpamy ig Jass tiEf thasbia FRiBlaresd Goncretacyr prr-strgssed
concrete | a0t her words the

di mensi onsb%?‘%f‘ﬂétb%t@o"ﬂﬁ%t@@%?%%%@ﬁt@%ﬁ%@? SP?ni s deeper than its width
and these concrete beans are generally pre-stressed for spans in excess of
10 netres. The concr r ' ' ' . hey

L et s he oonor S SEPRpeRR Hesth bibiah hafls Boddtanr beby oy §F
are st rH®sqsbsitearsidied, qrosteissetl dnatdtaifloed beahf system. Théy inullide usneretey

within 3 to 6 days of pouring. The concrete beam and the adjacent s ab
panel s ar e RpRAMS [thak G?ﬁ%da HFaraAgReEL FAND. £ ifr REher hWPrdsy &%@W@”F'Pﬂﬁeﬂf 118 om

floor to f 'éb‘?u'b][etla’%é%'n‘\ ¥rd WhcIs filat i q]@éb#e??h% ﬁ? WiGH A tHRlsBl ndréte Mekingd I ed
floor cycle of about one week with half the oor area poured at atine to
provi de 20 arergenewiltyyprefstrassiedffor spares magacess of ri@duastres/eMnel dancrete beams
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15 post-tensioned tendons that are stressed when the concrete has attained sufficient
strength usually within 3 to 6 days of pouring. The concrete beam and the
adjacent slab panels are usually formed on large table forms that are crane lifted
from floor to floor. Usually two sets of tables are used to maintain a preferred floor
cycle of about one week with half the floor area poured at a time to provide

20 continuity of work for the various trades. Very little prefabrication is possible other
than the reinforcing cage for the beam that may or may not include the pre-
stressing tendons. Any prefabricated cage needs to be well braced and cradled to
be able to be crane lifted into the beam formwork. Generally no difficult
connections exist at the supports of the beam as concrete stitches the beam to the

25 supports. Where a poured concrete beam is supported at a concrete core that
has been “jump formed” ahead of the main floors, the connection can be a simple
rebate in the face of the wall of the core and reinforcing bars at the top and bottom
of the beam are screwed into ferrules anchored into the core wall. Alternatively

the beam can be seated into pockets left in the core wall.

30 The pre-stressed concrete floor system is stiffer than the steel floor
beam system required to span the same distance and is thus less susceptible to
floor vibrations and deflections due to transient loads. However as concrete



than the reinforcing cage for the beamthat may or may not include the pre-
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therewithin and reduces the loss of such prestress force due to axial creep that

15 shortens beams as in prior art systems.

According to a first aspect of the invention, there is provided a
building structural element comprising:

a pair of beams, each beam in said pair having a first flange portion,
a second flange portion and a web portion extending between said first flange
20 portion and said second flange portion;

a plate member adapted to engage one of said first flange portion or
said second flange portion of each beam such that an interior space is defined by

each beam in said pair of beams and said plate member;

wherein cementitious material occupies a substantial volume of said
25 interior space and said building structural element has residual or no deflection
under dead load after application of a post-tensioned pre-stressing force.

The building structural element may further comprise one or more
tendons extending along a length of the interior space defined between each



15 shortens beans as in prior art systems. According to a first aspect of
the invention, there is provided a building structural elenent conprising:
a pair ofwbeang2i®ach beamin said pair having a first fl aocgayeneiien, a
second flange portion and a web portion extendi ng between said first flange
20 portion and said second flange portiorg a plate nenber adapted to engage
one of said first flange portion or said second flange portion of each
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According to a second aspect e Invention, there is provided a
buil ding structural el enment conprising:

According to a second aspect of the invention, there is provided a

building structural element comprising:

a pair of beams, each beam in said pair of beams having a top flange
portion, a bottom flange portion and a web portion extending between said top

15 flange portion and said bottom flange portion;

a plate member adapted to engage respective bottom flange portions
of each beam in said pair of beams such that an interior space is defined by each

beam in said pair of beams and said plate member;

wherein cementitious material occupies a substantial volume of said
20 interior space and said building structural element has a residual or no deflection

under dead load after application of a post-tensioned pre-stressing force.

The plate member may be a metal tray form soffit or other suitable

horizontal soffit surface.

According to a third aspect of the invention, there is provided a

25 building structural element comprising:

a generally U-shaped channel means having a pair of opposed side

walls and a further portion joining each side wall;



a pair of beans, each beamin said pair of beans having a top flange
portion, a bottom flange portion and a web portion extendi ng between said
top 15 fwermgeopestion and said bottom flange portion; a picatomeerher
adapted to engage respective bottomflange portions of each beamin said
pair of beams such that an interior spacéis defined by each beamin said
pair of beans and said plate nenber; wherein cenentitious nmaterial occupies
a substantial vol une wiersii éalcﬂﬁairnofeopposapam avallssand 4aid | fdithgr portion
structural rFf:l enent. has a residual or no deflection under dead |oad after
appl i cat i orfgfineAhEdeNq esrpﬁcﬁnﬁﬂgpre-stressi ng force. The plate menber may
be a netal tray formsoffit or other suitable horizontal soffit surface.
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10 extending between said first flange portion and said second flange portion;

forming and assembling a plate member such that the plate member
engages one of either said first flange portion or said second flange portion of
each beam so as to create an interior space defined by said pair of beams and

plate member; and

15 pouring a cementitious material into said interior space such that on
curing of said cementitious material and application of a post-tensioned pre-
stressing force, said building structural element has substantially no deflection

under dead load.

The pouring step may be done separately or as part of pouring the

20 adjacent floor spans which the element supports. The element may have its ends

initially supported on temporary support structures adjacent to the permanent end
supports of the beam with possible additional support(s) along the span.

BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the invention will hereinafter be
25 described, by way of example only, with reference to the drawings wherein:



engages one of either said first flange portion or said second flange
portion of each beamso as to create an interior space defined by said
pai r of b&amg/iogmds plate nenber; and 15 pouring a cenenti PCoWIAA6 | al
into said interior space such that on C'J;i ng of said cenentitious materi al
and application of a post-tensioned pre- ‘stressing force, said building
structural elenent has substantially no defI(Fa)fti on. . .under dead | oad. The

pouring step may be ddSestinaaRlanyView AfPash apbuilcting ifRgr sieten extandingnt
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initially supporte n tenporary s ort sttuctures adj“acent to the
permanent end supports of the beam w th possible additional support(s)

al ong the span. BRI Ek.: | 2T : - RA r rd: inW of
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Figure 1 is a plan view of part of a building floor system extending
between a core wall of a building and an edge of the building; Figure 2,

separat egl into Figur ﬁ%@é_@rwa%%c;ibﬁala/imct_ﬁ & strtictars | elemewt irf a¥eacoordiry
line A-A of Figure 1; Figure 3 is a sectional_view of _a structural

el enent i n fafweRpbedimant of henvertignbtakean the lineBithobhigusm2t aken on t he
line B-B of Figure 2; Figure 4 is a sectional view of the structural

element in use taken on the line CC of Fiqure 2; Figure 5 s a sectional
view of a structural Figweehis asegienalyviey of e strectuml lemenhisr usaishenrdt

and siml ar i . Flgures 5(a) and 5(d) are side views of the
struct ural tgégﬂgnc?el’ﬁf Foiwgéu?’e 5 showi ng separate conditions of the

structural elenent;
Figure 5 is a sectional view of a structural element in use according

10 to a further embodiment and similar to Figure 3;

Figures 5(a) and 5(d) are side views of the structural element in

Figure 5 showing separate conditions of the structural element;

Figure 6 is a sectional view of the further embodiment of the

structural element in use similar to Figure 4;

15 Figure 7 is a side sectional view showing the structural element

applied to a tunnel cover;
Figure 8 is a side view of a prior art pre-cast structural element; and

Figure 9 shows a plan view and a side view of structural elements

across a floor span with secondary supporting beams.
20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Shown in Figure 1 is a plan view of a pair of structural elements 1
that each extend from a perimeter column 2 on an outer edge of a building and the
core wall 3 in the central part of the building. The span of each structural element
may extend up to 18 metres in length and beyond and the separation between



Figure 6 is a sectional view of the further enbodi ment of the structural
elenment in use simlar to Figure 4; 15 Figure 7 is a side sectional view
show ng twe ogearei ural el ement applied to a tunnel cover PCFiAJWe@0B6i s a
side view of a prior art pre-cast structural elenent; and Figure 9 shows a
plan view and a side view of structural & ements across a floor span with
secondary supporting beans. 20 DETAI LED DESCRI PTI ON OF THE PREFERRED
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are shown any nunber of beans needed to support a designated floor™ area
may be usedwoWadms efeshowe any rringperef eamginaedew tebeppont adasignatedfiopal | y

area may be used.

With reference to Figures 3 and 4 the element 1 is essentially
15 constructed of an outer shell, typically made from steel which comprises first and
second (side shell) beams 5 generally in the shape of I-beams each having a web
portion 30 and at either end of the web portion 30 exists first and second flange
portions 31 and 32. Extending at the lower portion of the element 1 is a plate
member or (form tray deck soffit}13 generally made from metal and more
20 particularly steel whereby this extends between each bottom or second flange
portion 32 of the side shell beams 5 and is affixed or otherwise engaged with the
flange portions 32. Shear studs 12 extending from the web portion 30 of the side
shell beams 5 are used to obtain integral action with the cementitious material that
is poured into an interior space 57 of the shell defined by each beam 5 and the
25 plate member 13. Ligatures 23 generally in the form of a U-shape extend from
within the floor 4 downwardly into the interior space 57 and through raised ribs of
the plate member 13. This is also used for extra support for the cementitious
material that is poured into the interior of the shell. Furthermore reinforcement
bars 24 are also provided within the element 1. A closer or spacer 15 also is
30 positioned within the floor 4 to tie the cage structure to the side shell beams 5.
Pre-stressed tendon elements 10 are several in number and shall be described

with reference to Figure 2 hereinafter.



15 constructed of an outer shell, typically nade fromsteel which conprises
first and second (side shell) beans 5 generally in the shape of |-beans
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poured into an I nterior space 5 e shell defined by each beam 5

the 25 pl atséreseadbetend@n alementsr 6s 82and ettt eadl pracmg Hé fOokeepftha @rﬁhmmg

extend from wthin the floor 4 down rior
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the shell. Furthernore reinforcenent bars 24 are also provided within the
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transporte h tSitH & m@? bars 24 and ligatures 23,
pre- stresgae ten %%g errenspah ”13 %‘?}Sﬁo an %raci ng 15 to keep the
reinforcing 5 elements in place Tendon elenent 6 is a dead end anchor for

one of the tendons igunididERAO SHGIRND. Bt e RS SRAPS. BRUAL PG the

i ncorporating a live end anc rec t Wo s
coupl ed wi tdierbeati ngaQﬁefrmusledraﬂjamytaom retba@@ﬁonttheew&lb:Beandheeondmideae
assenbly t C;ell% or?:glrrie\a? ars % ands1I 7t secr%\r/]v%d into frerrules 21 that have been precast into
15 the jump form core wall 3 for both the top and bottom reinforcing connections to
respectively go to reinforcement bars 14 and 17. At the other end of the beam,
connection to the external column 2 all that is required is that the connecting
reinforcing bars 14 and 17 extend the required length past the face of the column
2. These reinforcing bars 14 and 17 together with the beam ligatures 11 at the
20 end sections of the element 1 are the only reinforcing steel for the element 1 that

needs to be fixed on site.

Whilst small (up to 150mm diameter) penetrations for fire sprinkler

pipes, sewer pipes etc can be accommodated through the web of the element 1,
each end of each beam can be stepped up to accommodate any major service

25 duct reticulation without impinging on the ceiling height by simply stepping up the
bottom flange portion 32 of each steel side shell beam 5. This is more clearly
shown in Figure 2 where the step 7 is shown such that the space between the
step and either the core wall 3 or column 2 designated as 9 provides a space for
such a service duct reticulation if required. This step also allows the housing of

30 the live or jacking end for one or more pre-stressed tendons 10. The tendons 10
as mentioned are post-tensioned on site and may include any number as desired

to be located in the interior space between each steel side shell beam 5. Shown



sinple lift, generally of around 4.5 tonnes for an 18 netre beam be in

pl ace on 10 pre-set support franes at its two ends, the support franes

bei ng deswgmateetiby 18 and 19 and at its md span with swegotuo2foorane 20.
Wth reference to Figure 2 at the core wall 3 of the building the elenent
1 may be housed adjacent to a rebate 22 18 the wall 3 and the individual
rei nforcenent bars 14 and 17 screwed into ferrules 21 that have been

precast intin Rigutd@ aupre-strassedoreadonl éxténd@rbelméén tthe dtops aneh ied thattom
rei nforcing connections to respectivel 80 to reinforcenment bars 14 and
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to be | ocatduk it thédelcadt leadonas peea detoneraodatadh m eedahtyl the steel Isideeahelb.
Shown WO 02/099215 PCT/ AU02/ 00716 . 10 in FI gure 2 a pr? rgssed tendon
ext ends bet s Phihespigptressing tendopsanshiherqoncaie suire iigingdse dntgriel Paes

pr e- str essidignk §iohdn S Eeinfia¥tosiHIdb RBald the total load. Nevertheless, the
15 beams 5 and the pre-stressing tendons substantially prevent the reinforced
component from taking any significant proportion of the load and certainly will not
allow the concrete component to creep substantially as the pre-stressing tendons
plus the precambered steel shell beams 5 between them are capable of taking the

total dead load before the beam has deflected back to the horizontal.

20 In use, as mentioned, before the construction of the side shell beams
5, shear studs and prestress tendons 10 and most of the beams reinforcement are
done offsite and the reinforcing members 14, 17 and ligatures 11 to the end
section are done on site. The element 1 is then placed on its temporary supports
just short of the rebate 22 in the core wall and the column at the other end. The

25 reinforcing bars 14 and 17 are then placed into the respective ferrules and
together with the ligatures 11 placed on site and thereafter the floor is poured such
that the cementitious material, or generally concrete, is poured into the floor
structure and allowed to fill a substantial volume of the interior space 57 within the
side shell beams 5. The combination of the two steel side shell beams 5 and the

30 cementitious (concrete) material act integrally firstly by the concrete being poured
between and over the steel beams and also via the shear studs 12 which are shop

welded to the insides of each of the webs 30 of the beams 5.



full length of the beans and having a drape, in other words stressed in a
concave manner and this is done to provide an uplift force or conponent

t hat canceba20m21%5 anywhere between 50% to 100% of the toreall/Al®adoiiead,

al t hough about 50-60%is wusually sufficient for these beans, with the

bal ance of the dead | oad and transient Hdad capacity being provided by the
steel shells of the prefabricated beamand the cenentitious material. The
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the load and certainly will not allow the concrete conponent to Creep
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menti oned, thghsiest |lbAgs.construction of the side shell beans 5, shear studs
and prestress tendons 10 and nost of the beans reinforcenent are done
offsite and the reinforcing nenbers 14, 17 and ligatures 11 to the end

sectioni@re done on sid the &herrfl eBRIMinsLdd hot fftial)! SUPRbroany btheeayr 4adnd
supports just short of the rebate 22 in the core wall and the colum at

the other egl@mentd, 28e flephtioard @ipmants1 andaelulmnsa? Caulkheppaired thatsgmee
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general |y ciediodr panels pbetweskn thiechyblie dléments $ig bisingriestahied.altlivendsaged i | |
a substantial volunme of the.interior space 57 within the side shell beans
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first day, pouring the other half on the second day and preparing columns and lift

perimeter shutters etc on the third day.

The concrete part of the element 1 is proportioned to take the

reduced fire design load condition being 1.1 times the dead load plus 0.4 times the

20 live load in Australia and similar figures used in other countries. Thus there is no
need for either fire protection or a complicated fire engineering analysis if this can

in fact provide a solution. The combined capacity of the steel and pre-stressed
concrete beams is more than adequate to carry the in-service load which is
generally 1.25 times the dead load plus 1.5 the live load in Australia and similar

25 figures are used in other countries.

Most codes set deflection limits for incremental deflection, due to any
creep component of the dead load plus the deflection due to live load and plus the
weight of the partitions, at span/500. Thus for an 18 metre span this limit is 36
mm. For any building with large internal spans parallel to and adjacent to the side

30 of the building, this magnitude of differential deflection between the floor next to a
column at the side of the building, where there is zero deflection, and the mid span



bet ween and over the steel beans and al so via the shear studs 12 which are
shop welded to the insides of each of the webs 30 of the beans 5. WD

02/ 099215wB@T/h%202/ 00716 11 Thus the two side steel bean®CH/Adiognotiscant!|y
i ncrease the axial steel content of the conmposite beam which acts as a
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fire protection or conpljcated fire engineering analysis if this can, in
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Austral i a afdthei sideawalls 33 and 34 respectively have flange elements 36 and 37 for

supporting part of the floor 4.

15 With reference to Figures 5(a), (b), (c) and (d) the structural element
can be made from either a single piece of steel plate for example utilising four
folds indicated in Figure 5(a) at 38, 39, 40 and 41 (with no welding). Alternatively,
the construction could be welded at point 42 and retain the four folds 38 through to
41 as shown in Figure 5(b) giving a two plate construction. In Figure 5(c) there is

20 shown an alternative arrangement for the structural element retaining folds 38 and
41 but welded at points 43 and 44, providing a three plate construction. Finally in
Figure 5(d) five pieces of steel plate could be used with no folds and four welds as
indicated at points 45, 46, 47 and 48.

The invention can also be used for shorter spans using shallower
25 side shell steel beams with or without the use of pre-stressing tendons and with or
without notches in the bottom of the ends of the beam to accommodate major

service duct reticulation.

Where pre-stressing tendons are used for such shallow beams that
do not have service duct step-ups that double as stressing anchor points then the



25 figures are used in other countries. Mdst codes set deflection limts
for increnental deflection, due to any creep conponent of the dead | oad
pl us the weofieeeridHn due to live load and plus the wei ght pPofi/Atee/00716
partitions, at span/500. Thus for an 18 netre span this limt is 36 nmm
For any building with | arge internal spaﬂlg parallel to and adjacent to the
side 30 of the building, this magnitude of differential deflection between
the floor ranahorscan be&tr@ﬁﬁe@tfrqmaebﬁt@e%kets iz thatopefribe flare thatane filed in
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deflection a 30T ACen h may be as close as 2.5
netres for a steel beanlfloor system 1is obV|oust too much. More
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present invention thrvxmh e% einc% gcp llc'fg@i Sl gﬁg géngfe&quBQaﬂf&iﬁfsE 'B?/e
maxi mum i nanestiondis giffabReidrans |n5roQB tuhgelerubing af ‘cundad célemMinbinods dthis 18
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channel for d of a pair of side wa é 33 an .34 and bottom or further
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constructi %rés%e&%%ﬁc%{é pefansd @Q'havé’lq@gﬁlr@@b&trem%l ﬁrﬂé RearfdI® e lised3sr and

34 respectively have flange el enents pporting part of the
f1 oor 410 15ushtiiting:Bpplsationso Withy tefersrgedp, Figule 8(tbp baeanni é}a hawe wdatimi)ur al
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and retain the tour folds 38 through to 41 as shown in Figure Sfb) gi vi ng

a two pl at eextomAfthe desk. whighpn duingreguirgs aHyptedtive wearing slab 53. All of these
can be dispensed with by using a watertight integral pour that is possible with the

15 use of the present invention. With reference back to Figure 7 this involves the use
of fluid barrier means or more particularly water stops 58 and local tanking (or
using waterproof membranes) 54 fitted to ensure that the roof of the tunnel is
watertight. The floor deck 55 of the span between the structural elements 1 can be
sufficiently thick and poured in sections of suitable size and, if necessary, pre-

20 stressed between control joints 56. The water stops 53 sand the local tanking or
membranes 54 are fitted to each of the control joints 56.

With reference to Figure 9 and as mentioned previously, the
invention is also suitable for large multi-bay floor spaces, particularly with high
floor to floor dimension and/or long spans in one or both directions and/or high

25 floor loadings such as floor decks for retail, recreational or other use. The building
element (1) can be used to span between columns (59), to which secondary
beams (60) are bolted (61), supporting the floor slab (4) between the structural

elements (1).

The structural elements can be tailored to span the self-weight of the
30 floor structure, plus construction live load during construction as simply supported

between columns.



20 shown an alternative arrangenent for the structural elenent retaining

folds 38 and 41 but welded at points 43 and 44, providing a three plate

const ructwore2/ofizmal |y in Figure 5(d) five pieces of steelpCplaatogoenal d be
used with no folds and four welds as indicated at points 45, 46, 47 and

48. The invention can also be used for shorter spans usi ng shal | ower

side shell steel bea r.w.thou ess n ons and
with or wthout not ﬁ@%‘smc{’ %I ‘5'89196‘&[1”@‘9? e’?ri)f “ﬁq@e'ﬁ éa%%{%)tg (Sj rpre-
accommodat estfgysed cdiriatecsiefhent tHatlid eohigiuous. omes@eeml @pahs ¢ssthedoagadens
are used for such shallow beans that do not have service duct step-ups

t hat doubl enggd ta be syppertesh by dhe fephdeck hen t he WD 02/ 099215 PCT/ AU02/ 00716
13 anchors can be stressed fromrebate pockets in the top of the floor that
are filled in later after stressing and grouting of the tendons. Wth
reference to Figure 7, and as nentioned previously, the inventionis
suitable for use in road tunnels using a "cut and cover" nethod. This 5
involves lifting into position each of the structural elenments, which

al ready have their reinforcement and prefabricated in place, using
relatively low |l oad capacity cranes. This conpares to extrenely heavy
precast pre-stressed concrete beans 49 used in prior art systens and shown
in Figure 8. The heavy precast pre- stressed concrete beans 49 have
required extrenely large cranes to be used for 10 such lifting
applications. Wth reference to Figure 8 the beans 49 have relatively thin
flanges 50 and a topping slab 51 normally used for such applications. There
is wusually the necessity for tanking or using a waterproof nenbrane 52
over the full extent of the deck, which in turn requires a protective
wearing slab 53. Al of these can be dispensed with by using a waterti ght
integral pour that is possible with the 15 use of the present invention.
Wth reference back to Figure 7 this involves the use of fluid barrier
means or nore particularly water stops 58 and | ocal tanking (or



usi ng wat er proof nenbranes) 54 fitted to ensure that the roof of the tunnel
is watertight. The floor deck 55 of the span between the structural

el ement s woaand2es sufficiently thick and poured in secti ®@c3/Aafo2ouwils abl e
size and, if necessary, pre 20 stressed between control joints 56. The

wat er stops 53 sand the | ocal tanking or15nenbranes 54 are fitted to each
of the control joints 56. Wth reference to Figure 9 and as nenti oned
previously, the Claimsntion is also suitable for large nmulti-bay floor
spaces, particularly with high floor to floor dinension and/or |ong spans
in one or both directions and/or high 25 floor |oadings such as floor decks

for retail, recreati ¢goblilding etroeturalssteméhecomptisingy el ement (1) can be
used to span between colums (59), to which secondary beans (60) are

bolted (61), supporting the floor slab (4) between the structural elenents

(1). The structural el paieotbeams, Bach dehat ROsdid paieavifg asbf flamicpértioh, t he
30 floor structure, plus construction live |oad during construction as

si nply suppseeand dlangecperdion anss a web aportion epdending Adiweeo 7sedd firat flarge
structurgl el nf.or cenent concrete or pre- stressed
concr et egel@n@%%ﬁ%@@é&ﬁ?@&?g&%g@ several spans for the |oads that
need to be supported by the floor deck. WO 02/099215 PCT/ AU02/ 00716 15
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second fl ange portion; a plate nenber adapted to engage one of said first
fl ange por t§ash kgam in said pair of beams and said plate member; and

wherein cementitious material occupies a substantial volume of said
10 interior space and said building structural element has residual or no deflection
under dead load after application of a post-tensioned pre-stressing force.

2. An element according to claim 1 further comprising one or more

tendons extending along a length of said interior space.

3. An element according to claim 2 wherein said one or more tendons
15 may each be pre-stressed to provide an upwardly directed force to counteract a

portion of said dead load.

4. An element according to any one of the previous claims that is used
in supporting long-span floor areas within a building.

5. An element according to claim 4 wherein said first flange portion in

20 each beam supports part of a floor span within said building.

6. An element according to claim 5 wherein one end of said element is
secured to a column of said building and the other end of said element is secured

to a core of said building.



said second flange portion of each beam such that an interior space is
defined by each beamin said pair of beans and said plate nenber; and
wher ei n cepmabIRidus mat erial occupi es a substantial vol umeTofuogaide 10
interior space and said building structural element has residual or no
deflection under -dead | oad after applicdbion of a post-tensioned
pre-stressing force. 2. An elenent according to claiml1l further conprising
one or nore terons Anxelmientgactiondigg do lctigt & vdfersini priomtoesecuringpeanh. edd  An

el ement accordiing to claim2 wherein said or endons each
be pre-str s 3@%?%?6@ %ﬁ"\?ﬁ%ﬁlﬂ %TPF'& qﬁ@%@sgmk@gg{?éa
portion of éﬂj@f@ﬁ@@é,ﬁéﬁ 4. An elenent according to any one of the

previ ous clal ns I's used in supporting |ong-span floor areas within a

building. 5. An el errent according to claim4 wherein said first flange
portion in 20 ch ,;a%ﬁ At Ry I.d:

bui | di ng. 6. An%gl enent accorgéér%r@ E:t? é\/\/%gghe‘;'iS @ﬁ%ﬁiﬁﬁﬂ'&?ﬂgg}% one

el ement &s ors*aowmbarmtads:ektemdmghntmsaidhmlehdr spacnfiomheithartsaid wet pafrtieai d
element is .secubed. o a core, of said, bui L i,ng. VO 02/ 099215. PCT/ A&OZ/ 00716
16 7. An oliBEBRD SHLBPAMD €5 ISP Biehtel 2Pt salcrraenitions malraln

of said elenent, said elenent is terrporarlly supported on fal se work at
said each end of said el enen An el enent a&o&%n to any .one of the

previous clains Shavi fp @t’\%megt BPC‘PFSF@ G&aY ene 9K clipssyhgrein
Interior s Hrr?nﬁhﬁbtlh%esféhﬁ oMaRRES] Sttendintdsdid %ﬂbﬁopg ?enen?’s&t

obtain integral action with said cémentitious mater! al
accor di ng tsaidpgmenttiofs madenialevi ous cl ai ns wherein support rreans, in the
formof ligatures, extend into said interior space to support said
cenentitious material.

10 10. An element according to any one of the previous claims further

comprising a plurality of reinforcement bars extending along a portion of said

element.

11.  An element according to claim 10 wherein said other end of said

element is housed adjacent a rebate in said core of said building.

15 12.  An element according to claim 11 wherein individual ferrule means
formed in said core are secured to individual reinforcement bars of said plurality of

reinforcement bars.

13. An element according to any one of the previous claims wherein
each end of said each beam is stepped to accommodate service ducts.

20 14.  An element according to any one of the previous claims wherein

each beam in said pair of beams is constructed of metal.

15.  An element according to any one of the previous claims wherein said

cementitious material is concrete.

16. A building structural element comprising:



10 10. An el enent according to any one of the previous clains further
conprising a plurality of reinforcenent bars extending along a portion of
said el eweriR/099215 An el enent according to claim 10 whereiPaTsdiodootiber end
of said elenment is housed adjacent a rebgte in said core of said building.
15 12. An elenent according to claim1l erein individual ferrule neans
formed in said core are secured to individual reinforcenent bars of said

plurality of reinforcgererallyil-shaper chgnnaldneans havpad Rgira epppPsed sidg
the previo | 3l o : faig@lydpeach beamis stepped to
accommodat ;W@%@Hd@f%ﬁ@d}%ﬁﬁﬁmﬁn%g esr'r(g%?ggbcordi ng to any one of the
previous clains wherein each beamin said pair of beans is constructed of

sai d cementtious mVEPH SHepbR G BR0G sidd s Hhd Said LRy Mg,
conpri si ng:defife eIk spacd] M2/ 00716 17 a generally U shaped channel

nmeans having a pair of opposed side walls and a further portion joining
each side wall; wherein said pair of opposed side walls and said further

portion 5define an i R{idrbipr cérRdaMioushaleridh oceiipies Teitbsthhtial SyONFhe df Faid
occupi es a substantial volune of said interior space and said building

structural ielesieespapeandsaidubyiiding siugkralelemant hasdeasidis P v dedeetion
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according to c er’ conprising one ofr no
along a length of said interior space. 10 18. An el enent according to claim

L7 wherein said 1°f o0 gfé'nqeﬁte%?%;fgi&gngoyc%ﬂﬁmé)quﬁﬁ&' EOMPPSRY b RIrHbAE an

upwardly directe rce 10 ¢ou
tendons extending along a length of said interior space.

10 18.  An element according to claim 17 wherein said one or more tendons
may each be pre-stressed to provide an upwardly directed force to counteract a

portion of said dead load.

19.  An element according to any one of claims 16 to 18 wherein each of
said side walls has a flange element extending from a free end of each side wall,
15 said flange element supporting part of a floor deck.

20. An element according to any one of claims 16 to 19 wherein each
end of said element is secured to a support structure.

21.  An element according to claim 20 wherein prior to securing each end
of said element to said support structure, said element is temporarily supported on
20 false work at said each end of said element.

22. An element according to any one of claims 16 to 21 having one or
more shear studs extending into said interior space from either of said side walls
so as to obtain an integral action with said cementitious material.

23.  An element according to any one of claims 16 to 22 wherein support
25 beams, in the form of ligatures, extend into said interior space to support said

cementitious material.



portion of said dead |oad. 19. An el enent according to any one of clains 16
to 18 wherein each of said side walls has a flange el enent extending from
a free emoo/ogreh side wall, 15 said flange el enent suppomiAtegopast of a
fl oor deck. 20. An el enent accordl ng to any one of clains 16 to 19 wherein
each end of said elenent is secured to 48 support structure. 21. An el enent
according to claim?20 wherein prior to securing each end of said el enent

to said support & r udinurelemeat dacdosdingt 1o sanyergn®er fi claimappbr tedrfurther

f al k d d di
any one of Qg & PRrE &, riflcie@mBiT Bhts Buarelind o % BEBRA ) Sl o
said interiggmenace fromeither of said side walls so as to obtain an

integral action with said cenentitious material. 23. An el ement according
to any one of clains 16 to 22 wherein support 25 beans, in the form of

ligatures, exteng intgy gRntbrit 'Hc%bfd?ﬁ%waﬁﬁntzq WHEIRM ht ﬁe%'sﬂ'oné%f’?r’iﬁ bhi$Bf
material. WD 02/ 099215 PCT/ AU02/ 0071 18 24. An el enent according to any

one of b aismid elementds hbused edjaceohprelatadn sajdl suppart strugitureei nf or cenent

bars extending along a portion of said elenent. 25. An el ement according
to claim24 wherein at | east one of the ends of 5 said elenent is housed
adj acent a rebat28.in AaaielbmemipmqorGMQLtotGJaim 256whmi@|indiniduahtermlelimgamm
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rei nf or cemayalid pRIrality &f reifforéémBRNbardccording to any one of claims 16 to 26
wherein each 10 end of said each beamis stepped to acconmpdate service

ducts. 28. An elenent according to any one of clains 16 to 27 wherein said
27. An element according to any one of claims 16 to 26 wherein each

10 end of said each beam is stepped to accommodate service ducts.

28. An element according to any one of claims 16 to 27 wherein said

channel is unitary in construction.

29. An element according to any one of claim 16 to 27 wherein said

channel means is constituted by one or more joints joining adjacent portions.

15 30. An element according to any one of claims 16 to 29 wherein said
channel means is constructed of metal.

31. An element according to any one of claims 16 to 30 wherein said

cementitious material is concrete.

32. An element according to any one claims 16 to 31 wherein said floor
20 deck has fluid barrier means to ensure said element is fluid tight.

33. An element according to claim 32 wherein said fluid barrier means
includes a fluid stop and a fluid proof membrane.

34. A building structural element comprising:



channel is unitary in construction. 29. An elenent according to any one of
claim16 to 27 wherein said channel neans is constituted by one or nore

j oi nts j owpicagIrdf acent portions. 15 30. An el enment accor @cmgutoooemy one of
clainms 16 to 29 wherein said channel neans is constructed of netal. 31. An
el enent according to any one of clains 18% o0 30 wherein said cenentitious
material is concrete. 32. An elenent according to any one clains 16 to 31
wherein said floor 20pdicokbbamsf bachlbbamrinsaichpainof beamsthavingaitap tHargent

is fluid tight.. 33. el.ement accordi to clajim32 wherein said fluid
bar 11 or  meafRoR,aIRAERE {30 ROTERANhd WP RATION Aot g eLNEen spid 1P
bui | di ng stfidigfeUscitioR laRERIHid BEABN fidnde: poid®2/ 099215 PCT/ AU02/ 00716 19 a
pair of beans,” each beamin said pai of beans having a top flange

portion, a bottomflange portion and a web portion extendi ng between said

top flange portion b sy Welal r’(ﬁ@@r ed
to engage respecti vea%glta?%}r;‘% I ani;éeag O(%(?‘Flgﬁg@é%é L%Ibggg\{]é)ggg%mi n ai%&gg’ﬁ of
beans suzh ofteschdpeamtiesaist paip at beamsdrichribdt 8y irtedar spacenisi defingddypeaach of
beans and sai d pl ate nmenmber: and erein. cenentitioys material occupies a
Substant | al DS (80 EhPRLbeartt ant G PRSP AR E LI | i ng st ruct or &
el enent has a residual or no deflection wunder dead | oad after application
of a post-tensioned pre-stressing.force, 10 35. A structural elenment .
according to ol ai m oMiRBILFAeRftiow Tteraopgupiesd SUEyRnfal VOUGTE AT said
structural iﬁie@i&?%bagg%"ddéélﬂ Pufld tFictrarerireém 15 8 residlbl of Ao YeflBBfiGH

tray formsoff it. . A nmethod of nmaking a building structural el enent
conpri si ng 4nder dead load after application of a post-tensioned pre-stressing force.

10 35. A structural element according to claim 34 wherein said plate
member is a soffit.

36. A structural element according to claim 35 wherein said soffit is a

metal tray form soffit.

37. A method of making a building structural element comprising the
15 steps of:

constructing a pair of beams, each beam in said pair of beams
comprising a first flange portion, a second flange portion and a web portion
extending between said first flange portion and said second flange portion;

forming and assembling a plate member such that the plate member
20 engages one of either said first flange portion or said second flange portion of
each beam so as to create an interior space defined by said pair of beams and

said plate member; and

pouring a cementitious material into said interior space such that on

curing of said cementitious material and application of a post-tensioned pre-

25 stressing force, said building structural element has substantially no deflection
under dead load.



15 steps of: constructing a pair of beans, each beamin said pair of beans
conprising a first flange portion, a second flange portion and a web
portion Wwgtoenghang bet ween said first flange portion and arcthweoond fl ange
portion; form ng and assenbling a plate ggpber such that the plate nmenber
20 engages one of either said first flan portion or said second flange
portion of each beamso as to create an interior space defined by said
pair of beans and said plate nenber; and pouring a cenentitious materi al
into said interior space such that on curing of said cenentitious naterial
and application of a post-tension reSSLngﬁforce saji d bui] ding

structural el eme$® h @%‘Q@gaﬁﬁqoé‘ ﬂc?I%‘B? ?’Zt“i’h%rﬁ'” @epo‘df&ﬂjsie@a@vo
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said pouring s I nvol ves pouring sai enentitious material as part of a
f1 oor deck iatatiarsppoeirethe samegmiudingisterasa@n agjacantifloor deck.anme pouring step
as an adj acent floor deck. 5 39. A nethod according to claim37 wherein
said pouring step involves pouring said cenentitious material in
construching a f3®%or Aenéthaddaccardingdardlaign BE whhme«'n saidapadriigy step inkelves

pouring step in constructing said flopor dek 40. d according. tao any
P of ol ol Peurihe SaoseTenTRuR Theteha & APsTLiaina A for dats abeappdling s
structural %m&ﬁaﬂamw't@{Hevp&ﬁhﬁge@iB?nﬁwnmmdsa.a@loéF degk.ur es adj acent
to a permanent end support of said ructural elenent

40. A method according to any one of claims 37 to 39 further comprising
supporting the ends of said structural element initially on temporary support

10 structures adjacent to a permanent end support of said structural element.



