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met hod of maki ng such an el enent which i used in floor systens of

buil dings. The invention may al so be used for many other buil ding uses,

such as a roof deck over eai?l(ﬂj_'tunnels %m tracks and the like. It can
be used for large nmulti-b Mé NJ with high floor to
fl oor dinension and/or 10 | ong spans in one or both dlrectlons and/ or hi gh
-fl oor | oadings "ﬁ%&}j‘-h or decks for retail, recreational or other use.

- It can al so be r UIE-RB‘ and for any other uses where |ong
spans and/or high | oads have to be carried between supports. One

particul ar aspect. of_the invention relates to a floor beamused in -15 the
construction of fl oofhisyiBvemtiorofelatesutol aibwgdingisirectpralf aleatsiny amdoe methoda
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excess of 8 to netres. This is typically the upper range or limt that

" floor sl apteghin floaraystems ebbuildisgeg beans for structural support.
Supporting colums are usually located 6 tog netres apart of which a
common spacing is 8.4 netres. This is a suitable office nodul e that

"~ accommodat es. t he wi dihe iniferdiopomayaipd be usdd éer B'mgersthehaulldmg tpses seathf or
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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 betweén.
supports. |

One particular aspect of the invention relates to a floor beam used in

--15 - the -eonstruction of floor systems of a building and is preferably made from a

-combin'ation of two components, preferably made from steel, and a cementitious
material such as concrete.

BACKGROUND OF THE INVENTION

Beams are generally requiréd 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.I 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
_ t_hree spaces that may be used fbr vehicles located between adjacent columns
25 and used for any parking levels below the office floors (or retail floors, institutional
~ floors or other fioors) of the building. | Beams are recjuired to span the larger
dimension of a rectangular floor panei between a grid of four columns or between
a pair of ext_erna! columns on the outside of the building and the core or central




~dinension of a rectangular floor panel between a grid of four col yms or .
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comon roons accessi bl e by people on eaclp floor. The floor systens .
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(2.1 to 3.0 netres) 10 Supporting a relative n's on an ‘uhpt
net al t9 ayorfaeorbination ofyeteranees of hay omecgfrthesathresymsitities. such as various , |
stressed plank systens that may be able to span a 7 to 8 netre di stance '
unpropped. For the supporting beans the upper range of suitability for

~reinforced concr et eFlebabystenizitct Bpanmbcut @ietred Gn igheldird@iortbetwedn the
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di stance between the supgort colums. A particu pro
~ engi neer s &l §25PgR& & taBanete slistance unpreppedy a floor beam systemis to

‘For the suppgning beams the upper range of suitability for reinforced

concrete shallow band beams is about 10 to 12 metres. For pre-'str:essed 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 beihg presented by either a steel
floor beam system or a pre-stressed concrete floor beam system, a

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

| v 20 separated at their centres between 2.1 to 3.0 metres spanning the Iérger distance
of the recfanguiar, floor plan and are in turn sup'poned by “primary” beams that
span the shorter distance between the support columns. A paﬁicular prob'lem 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 con_néctions at its supports. The
beams and the connections usually require an applied proteétiv_e coating to give

30 them resistance to _fire. Although such steel floor beams can be made to act
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~ span. The other type of floor beam systemthat is general

occur as soon as the | oads are applied and can be allowed for by pre 5
canber i ng leads HOFHY ageME ASSoONos thecloads are applind andsran bealiowed fopby pre
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of - t'he c%%@ggﬁté%%ﬁqégteﬁgg@% %?&ﬁrtlhgé g%%gﬁaﬁhan its width and these
concrete beans are generally pre-stressed for spans in excess of 10 netres.

Then pre- ot reseing i CESAstagPs o 180k et it et 4direhV ke tliBEal s o
.stressHyl Wist-témsionedc prd-gtréssedatbacreas flsof beamesysiet. r Theylinsiadeldoncretehi n

3 to 6 days of pouring. The concrete beam and the adjacent slab panels are
usual |y f.diaases dhet aﬁ%@ aBrePf asRAact: Idio, dpeothesnwords the dimensianso st the

floor. UsudicleteBedifilsrePuchARbER i8uBeHEF thadrPitd WidhPardl tha¥ePbsidigtt hbas
| are generally pre-stressed for spans in excess of 10 metres. The concrete beams
are poured in situ with the slab that they support. Then pre-stressing is applied by
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. Usua!ly 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 prbvi'de'
20 continuity of work for the various trades. Very little prefabrication is possible other
IR than the reinforcing cage for the beam that may or may not inciude the pre-
| ' _stressing tendons. Any préfabricated 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 pdured concrete bearh 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 -intd 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 susceptibie to

floor vibrations and deflections due to transient loads. However as concrete
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susceptible to floor vibrations and defl ections due to transient

" However aémeoiependensrshwsiening dhatswilk atk to Ifodider irtoserinpotad eflestion el #et i on
.of the flﬁgémsystemthat occurs after the floor is occupied is not only
that due T I'fve load and |light weight partitions, but also a significant:

proportion of deflection fromthe dead | oad due to the creep conponent.
Pre-stressi ng SUMMARYGQF THE IWEENFIONe defl ection due solely to the

dead | oad. However, as the axial pre-stressing inparts a permanent axial
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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 poi‘tidn’,
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 deﬁhed_ by
each beam in said pair of beams and said plate member; |

wherein cementitious material occupies a substantial volume of said
25 interior space to form a non-unitary building structural element 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



According to a first aspect of the invention, there is provided a building
structural elenment conprising: a pair of beans, each beamin said pair

- having a first flange portion, a second flange portion and a weh, po Hijoqpﬂ
ext endi ng between said first flange 20%ortion and said second flén@) oLy
portion; a plate menber adapted to engage one of said first flange portion
or said $eeMET sdigerlpler meobesfwhighimby be 3 metat tray farmn isoffitr iEactspae®ri s
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. end. Typi c the el ene may exte and a core of a
bui | di ng. The el enent may end a short distance fromthe core and a short

di stance fromthe c i vel nce from,a col
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such as steel, and 10 the cenentitious material is preferably concrete.
\Accordlng to a second aspect of the invention, there is provided a

bui | di ng struct ural AetemeR t6 ABEESHD GispacPaf &h@ﬁn\k@ﬂiﬁ\ tﬁé@usbﬁﬁdwéu gai d
~pair of beams having a top flange

building struc ural element comprising:

a palr of beams, each beam in said pair of beams having a top flange
portion, a bottom flange portlon and a web portion extending between said top
15 flange portion and said botiom 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 to form a non-unitary building structural element and said building
structural element has a re3|dual or no deflection under dead load after appllcataon.

of a post—tensnoned pre-stressang force

The plate member may be a metal tray form soff t or other suitable
horizontal soff t surface. '

25 , Accordmg to a th:rd aspect of the mventlon there is prowded a
building structural element compr[smg

a-generally U-shaped channel means having a pair of opposed side
walls and a further portion joining each side wall;




‘portion, a bottomflange portion and a web portion extendi ng between said
top 15 flange portion and said bottom flange portion; a plate nenber

. adapted to engage respective bottom flange portions of each beamin said
pa| r of beans such that an interior spage is defined by each bear K ls80F
pair of beams and said plate menber; wherein cenentitious material occupies

a substantial vol unwhefeifasald @&rld’ft 6Ep@ée<§%?&@ walls' @ng §arE!0ﬂrrtH?ért|§<5uYon
bui'l di ng %?f[ uctural elenment and said building structural elenent has a

resi dual INRapdrtedief SBACRIANSY dead | oad after application of a.

post -t ensi oned pre-stressing force. The plate member nay be a netal tray
‘formsoffit or other suitable horizontal soffit surface. 25 According to a
~third aspect of thewh@v@ﬁm&menttﬂwsenaﬁemmmdpmsaa shbsiaduttagvsIUmmoﬂsalH
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define an interior space; and wherein cenmentitiou teria occupies a
substantial volume of said interior space and sai d building structural
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of a post-tensioned pre-stfessing force. to a ourt spec

" the i nvenmedhod phetaking aﬂlllﬂvllr@strlwtumiteﬂmdenf cmmbnmgigethbmtdaph ofy structural
el ement conprising the steps of: constructing a pair of beams, each beamin
said pair of beans conprising a first flange portion, a second fl ange

~portion and a web pepnhswuctind aepaerndf hgames, weach Sseafinr skidf balrgef heanison

and said second. fl an rtio ormn and senbl in nber such
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defl ned by said pair of beans and

forming and assembling a plate member such that the plate membef
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 to form a

" non-unitary building structural element such that on curing of said cementitious

material and application of a post-tensioned pre-stressing force, said buﬂdmg
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

A initially supported on temporary support structures adjacent to the permanent end
supports of the beam with possible additional suppori(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:




~ plate nmenber; and 15 pouring a cenentitious material into sai d i nt eri or
space to forma non-unitary building structural elenment such thab'brwm; 605
curing of said cementitious material and application of .a post-tensioned

" pre-strd¥Qi0¥EIRBT ce, said building structural el ement haPGUdYIZNTIGal 1y no
defl ecti on under dead | oad. The pouring sfep may be done separately or as
part of pouring the 20 adjacent floor spans which the el enent supports.

The el enent may haveg] nds initially.su te t orary support, -
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descri bed, by way of exanple only, with reference to the draw ngs wherei n:
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part of a building system ex etween a cor

“bui | di ng da#tenmnctiigeling Atheof Figurding; Figure 2, separated into Figures 2A
and.2B, is a side sectional view taken on the line A-A of Figure 1; 5
Figure 3 is a sectional view of a structural elenent in use according to

~one. enb®di nent of t hEigumehis asecibeal viewtdfea lstroetutaBeleimdntdnrsseacddditice 4
Is a sectional view of the structural element in use taken on the line CGC
of Fi gure '@ 008 giodiment gf thecinvention taken op the ke BB @i digwiesent in use
according 10 to a further enbodinent and simlar to Figure 3; Figures 5(a)
and 5(d) are side views of the structural elenment in Figure 5 show ng
"separate conditions bfgurfd ista geclienal view @l ibe spugivral element igdias taken an ew

.g}‘.gwg Lyr{h%e“nee@peq;frﬁaﬁreoé; the structural elenment in use simlar to

Figure & 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 1o 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 perir'nete'r 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 _




15 Figure 7 is a side sectional ‘view showi ng the structural el enent

. applied to a tunnel cover; Figure 8 is a side view of a prior art pré-mtgmg

_ structurw'?‘:)0 Il,@gﬁnt; and Figure 9 shows a plan view and a side view of '
structural elefients across a floor span with secondary sUfgétbY¥ Heans.

20 DETAI LED DESCRI PTI ON OF THE PREFERREDEMBODI MENTS Shown in Figure 1 is a

pl an view of a pair of structural elements 1 that each extend from a
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of an out?r sbhell tgpi cally made from steel which conprises first an
. two eam$ are 'shown any number of beams needed to support a designated floor

area may be used.

With reference to Figures 3 and 4 thé element 1 is essentially
15 constructed of an outer shell, typically made from stéel which comprises first and
| second (side éhell) beams S generally in the shape of I-beams each having a web
portion 30 and at eithér 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 métal_ 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-sh'ape 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. 'Fur_thermore reinforcémént -
bars 24 are also provided within the element 1. A closer or spacer 15-also is
30 positioned within the fioor 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. |

I




~ second (side shell) beans 5 generally in the shape of |-beans each having a
web portion 30 and at either end of the web. portion 30. exists ﬁ(gsgqangﬁm_

second flange portions 31 and 32. Extending at the |ower portion of the ™~
elenentvw3pgmﬁz'1ate member or (formtray deck sof fit)13P§EMLIA0IYSmade

fromnmetal and nore 20 particularly steel whereby this extends between each

bottom or second flange portion 32 of t Re si de shel |- beans 5 and is

af fi xed or otherw se engaged with the flange portions 32. Shear studs 12

- extendi ng from t he bls obe netedthafthemaisphoeamsd. ansbyatious seipfarsing fos

an Pt er | HPEBanECRY ¥ Mie RoliiEk g ik ih A So TR Bonhiln 16 RRMBRM P,
.. menber 13anbitgatranspoRt8ddenies alié witinité heinfarcameht daké 2hapR1 Rydtanss 28 opie-
"wWithin the floor 4 dowmmwardly into the interior space 57 and through raised

ribs of shesprdilendenpelemesits £i8 and 19 apd yagingod Seter keepubpgorainioseinghe
CoTe et el babe! enceh BHeR 8 Cald bR EhEF 6 ofd B 8 ngips,

Furt hernore rél nf orcenen I"sO” pr ovi

A cl oser a0 amheenddd eldment 8 iISA messéd anewdl farhbhintorperatingad live leddt aschore
-cage structure to the sid? shel | beans 5. Pre-stressed tendon elenents 10
are sever 46Ces6- fnR Yo giael siel shellbeas 5, sedpled with beaang 25dor bapding and
her ei naft e, 024 9 / ' t,.i e: d
that the. SEnFPaR (elinble he inbicte EREMBITIE, BY HERGAS thia e BnflinBhE"

pre-fabri cihple iiftf genemllyrofaaroantdrhbl tednps dduahi 18 niétre beawn,r ssimplaceand be
~transported to . the sit |

e wth i.ts reinforcenent bars 24 and |igatures 23
b on il o st shiapandiarih et s Tb s, 165 SHAPSR JEMES BOMa, s dapaioriby 18
. rei nf or ci nghdP1 LA i %&p@,ﬂh@{@%ﬁé@m 6 is a dead end anchor for
el ement

one of the tendons 10 and 'tendon is a pressed netal form

- _incorporating a live end anchor recess. The two steel side shell beans 5,

coupl ed with bract nondh féterdiedld Rigdieda &Y ARSREKE waNFPof thBhGfiTRY 3he
y to be delivered to a site and in one : _

. eiement 1 may be housed adjacent to a rebate 22 in the wall 3 and the individual
~ reinforcement bars 14 and 17 screwed into ferrules 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 reinforc_erhent 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 sprinkier
pipes, sewer pipes efc can be_ accbmmodaied- through the web of the element 1, -
each end of each beam can be stepped up to accommodate any major'sérvice
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 I'ift,r general ly of around 4.5 tonnes for an 18 netre beam 'be in

pl ace on 10 pre-set support frames at its two ends, the support iréa%% 255

_ being dosh ¢@bsd by 18 and 19 and at its md span with s rt. frame 2643
Wth refer encegﬁo Figure 2 at the core wall 3 of the buil g?ﬂg"{ﬂﬁjg{’%& enment

1 may be housed adjacent to a rebate 22 1id1 the wall 3 and the individual

rei nforcenent bars 14-and 17 screwed into ferrules 21 that have been

precast ipfe-. t e, j ormcore wall,. 3 for both the to d bottom
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t he el enrensually sullisierdrar fesedarnsawiti dne balancspoktheugead loart anddarsiertny
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shown such that the space between the step and either tthe core wall
col unm - 2 #Hesr gisgtledthes beams\antk permanant superimposed kads sectiues ceiling

retic ti hia T i ek S St so al l,o th usin f 30 _the live
or | aag ngBates M 0B rinithds.  TAe BWEL sl BRinoRCe oS £ atBorenaiiva
(ment i oned preeambeted soshanencethe itémgamywpbrwbu@nm BUTBYaheafefiRtibhed
to be Iocgtfed@igglt he interior space between each steel side shell beam5.

shown WO G3POYDHINS degdpieRdAlas fesm aceemmaglated2 W malitgt thessiee! isideishell
oS0 oS! e phegosing re b e EbiRe SRS Wilho et e
- ofthe pair of beams 5 interact together to share the total load. Nevertheless, the

15 beams 5 and the pre-stressing tendons substantially prevent the reinforced
_compon'erit 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.sheil 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 Wali and the column at the other end. The
25 reinforcing bars 14 and 17 are then placed into the respect_ive ferrules and
_together with the ligatures 11 placed on site and thereafter the floor is poufed such
- that the cementitious méterial_, or generally concrete, is pbured into the fioor
_ 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 stee! 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. e




- 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 eohﬁpnﬁqrdg
~that ca&ﬁghﬁmggg 5 anywhere between 50%to 100% of the tot%E dead | oad

al t houg B Y- 60% is usual Iy sufficient for these beXid/AYRORIONG’
bal ance of the dead | oad and transient iﬁad capacity being provided by the
steel shells of the prefabrlcated beam a the cenentitious material. The

dead | oad is deened at We 0 ed of_the, itself, the beans
“and pernanent super i 'd%gbe ﬁ%g@ﬁlé a%@.ﬁﬁ@@'fﬁénﬁwmg@@eéha aP‘FQ!@Fe‘?'
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., dead ‘| oad gctienbafetheaprsostiesking doad, rsuchathiat Josst dfearsy pmstmsﬁefowwtlhe tbemntial 5,
the pre-stressin endon and t he concre core filling the interior space

of the pai®e8P '@P 'Fr%%?”‘t‘%j‘%’f‘ﬂ@? is ypgdiheam gopsirughien also then
' |
Never t el egh glég? H&obé?dﬁsdé;ﬂé%!ﬁ@ntm 65@3& ﬁ%érﬁﬂg%vﬁtéﬁs\yvﬂﬁtd ?II 3

E prevent the r orced conponent |ng any signi f'i cant. propor
the | oad aediduval t apwirdssidaimbrert befacbrbot/met Heansiendr kaglsc onpoaemaining eepust

~substantiall the pre-stressing tendons recanbered steel -
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. mentioned, be?lmr]e the construction of tEeIS| de sheaﬂ ebeamls& ,%ﬁdh&y Oé'?%rds
and prest rigansieahlé@ds. 10 and nost of the beans reinforcenent are done

offsite and the reinforcing nenbers 14, 17 and ligatures 11 to the end

section are done on site. The elenment 1 is then placed on its tenporary
.suppor1@ just short Asfthe lexterebbcaluaihsi do nbeinitially sugiporbady ohthes fibom amd

the oth bars, 14 17 then pl aced j.nto the
oepact veSBaiant EPR o 2l SRt Ane folytihs 2 SoplS Bl paieshing Samang
thereaf t erdaye THe)@munmsoetrhsgi U Burdd whilsh@ieCROGIMIr v IR ;ma ?élhﬁ:lrcm Mo

generally concrete, i's poured into the floor structure and allowed to fill
a subst ant &l ﬂqnﬂnmel%fl hetween the hybrid sieyeeats Wi beingtinstalledddt iseevisageds

5. The conjy I ea and th
cenmentiti gﬁl‘ ] c'gﬁ(%r‘g Ié) é'é\%j Srg(cftc’?#‘%t%%H )}%(gérilp y %9&"? hlg"%%r’ij(,arye@%or
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. ! first day, pouring the other half on the second day and preparing columns and llﬁ

perimeter shutters eic on the thlrd day.

The concrete parnt of the element 1 is.-proportioned 1o take the
reduced fire design load condition being 1.1 times the dead ioad plus 0.4 times the
20 live Ibad'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 cah
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 targe internal spans parallel to and adjacent to the side.
30 | of the buiiding, this magnitude of differential defiection between the floor next to a-
~ column at the side of the building, where there is zero deflection, and the mid span




' welded to the |n5|des of each of the webs 30 of the beans 5 I NP1V 2f WO

02/ 099215 PCT/ AU02/ 00716 11 Thus the two side steel beams 5 signi 7 i Gt 12405

~increassvdbpodgial steel content of the conposite beam V\/r]i(ﬁhA@‘ﬁ'g(ﬁ7 s a
conpr essi on menber under the action of the pre-stressing |oad, such that

| oss of any prestress force due to axial12creep shorteni ng of the beami s

mnimal. This hybrid beam construction also then 5 can have no overall

def | ect i onjeflectioni@tdhé @akhownt ittesid) Ht%rﬁrwmcﬁeﬂaw Bdagd ctééegaé 2 5 thélved for

upwar ds canber before the transient |oads. The reémaining robust concrete
beam as ar® §iRElkRAM Jeet isyktam, is abiviously ttQOaEMCbt tl\ﬂereotstrmgetmodeflectlon

conponent e t|o the Live,
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-~ could be paoured the sane day. The columms 2 may be poure e oor

f or mvork éﬂdh?@ﬁi’ﬁfo?fc't"iﬁfft@ ”tfhéOff?pUﬁhW)m%BESnab%t ween the hybrid elenents - .
1 is being installed. It is envisaged that with a well organi sed work

force, even for large floor areas, three day floor 15 cycles or even |less

coul d regularly be adlitheveterenceotar ifigutesl 5 tamad f 6otiveren ig hshowWn r at fuldlyer

' h d dlif
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times the dead | oad pl us tinmes l1Vve ustrala an
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pre-stresside walscBBtanch8arend & sicintdrMINABE Peicn 135 RKiAY éd&ﬁ bNtHELEIeL e
| oad which- |Esgq?ene al lé 1.25 tinmes the dead | oad plus 57the live load in

Austral i a Y AN ?4 ?fﬁfﬂjﬂy dbefanstiystion is shade ouboﬁsteeés_Upper portions
of the side walls 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 'stres'sing_ anchor points then the




Most -codes set deflection |imts for increnental - deflection, due to any
creep corrponent of the dead |oad plus the deflection due to |ive~l Haganghny
pl u 9ht of the partitions, at span/500. Thus for_an 18 metre span
t hi s I |W10["2i'“§ 48 mm For any building with large internalCYARRYOYAf al | el
to and adjacent to the side 30 of the byig ding, this magni t ude of
differential deflection between the floor next to a <colum at the side of
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beam whi rahue,r@;e;bgt_rggsm?/b @@uﬂn offfid Rmdopes. a steel beam fl oor system
‘I's obviously too much. re strlngent deflection criteria than the code

- requires may be necessary. The present invention through its hybrid steel
‘and concrete beam CantﬁCFéf@Veﬁwéﬁ’fb”F UrgCTCTE s dRBhBShEANSreviudly { 1
order of under 20 mmfor such 18 rret«@ spans. Wth referenceﬁtc\)'ﬁ)légg)ﬁ ﬁe
~and 6 t heireventios Hsvauitabieiferhese irerdeatitunmels oBingha “puicard covar enethod. v'ﬁusel n

nd k av anelt
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~these Figures has a generally U shape channel forired a pair of
wal | s 33 aranes4 Tdnd cwrbmneeritpoextfameltyemew ptenaswre-smesagd caohraié hdamsi de
wal I's 33 3 structizon st eel
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‘and 37 f oktre8sdtP @dncr@leNRsdme Lot iavel eriired eﬁ%MétWtaf@é %Feﬁié‘setd Be fisedr RY
5(a), b), (c) and (d% the structural elenment can be made fromeither a

'si ngl dObi suehdifting aepligatians. With selarence te .Flrgwen@ the lreams B8shavedrelativelyi n
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Fi gure 5(c) there own, an alternative arrangenent for the structural
el gmt (@%xgﬁm,q;dhed:]e;g yglcgh@ turn requires a protective gweanng slab 563. All of these

can be dispensed with by using a watertight integral pour that is possibie with the

E 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. |

7 With reference to Figure 9 and as mentioned previously, the
“invention is also suitable for large m_ulti~bay floor spaces, particularly with high
floor to fioor dimension and/or long epans_ in one or both direetions endldr 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) supportlng the floor siab (4) between the structural
| eiements (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. -




41 but wel ded at points 43 and 44, providing a three plate constrgc;hopﬁ e
Finally in Figure 5(d) five pieces of steel plate could be. used wi t HY G 2000
- folds aRgof9ibesyel ds as indicated at points 45, 46, 47 and 48. The -

i nvention can al so be used for shorter spans using shal | oTAYR/WTHe shel
steel beanms with or without the use of prid-stressing tendons and with or
w t hout notches in the bottom of the ends of the beamto accommodat e naj or

service duct reticul dheostructhel @ipmens tiiers $omes BersitRofcahBnt 86Aciod cTUSHa-
S

_shallow_be%ns that do, not have service duct step-ups .that double a
stressing Shcid GOTHELE pleshentibak sceontiuous\Qyes Heyess [SpapsTIOAU0R ekl that 3

anchors cage q&g@@ HePRd dg@?ets in the top of the floor that
are filled iéh)@ltoz%{ear tgfre{.]g%gr{essi n‘gr and grouting of the tendons. Wth
-reference to Figure 7, and as nentioned previously, the invention is-
suitable for use in road tunnels using a "cut and cover"” nmethod. This 5
involves lifting into position each of the structural elenents, which

al ready have their reinforcenent and prefabricated in place, using
relatively low | 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 usually 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 watertight
integral pour that is-possible wth 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 using
~wat er proof nmenbranes) 54 fitted to ensure that the roof of the tunnel is




“‘watertight. The floor deck 55 of the span between the structural &l énghy s?afs
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 t-he local tanking or nmenbranes 541are fitted to each of the control
joints 56.- Wth reference to Figure 9 and as nentioned previously, the
“invention is aCkimsuitable for large multi-bay floor spaces, particularly
wi t'h high floor to floor dinension and/or |ong spans in one or both

di rections and/or high 25 floor |oadings such as floor decks for retail,
recreational ot. ot hArbuilsling Stingctbrallefément edb@pEBingt 1) can be. used to span
bet ween col ums (59), to which secondary beans (60) are bolted (61),
supporting the floor slab (4) between the structural -elenments (1). The

structural el enent Saqsfir BEbéank0E86h bRaRP sl Aiehhvingl &fifst AbnbBSoridh,
floor structure, ﬁlus construction live | oad during construction as sinply
e

support ec® SRCOREefiarg? pattion MOd acesbviition osdendingOretusEn soir first flanpee
structyr I ] for rej rcenent concrete or pre- stressed -
concre eaé?rgir?g'% ﬁé{?%goggﬁﬁnﬁgﬁérﬂéﬁm several spans for the |oads that
need to be supp-_orted by the floor deck. 15 Clainms: 1. A building structural
Fl ange porton. 5 BaUBRMERREERIES 6 ~A0ACR YL OpSTE BHl LR AP DN OF
bet ween sgdid dddorid fldredSortionRSTTddchbedifl strthtthaeaA MStelibABPSCE N Hbfisd Dy

pl ate nenber adapted to engage one of said first flange portion or said

second f | @Agfe Pgam inotridPaireibanmasasdssid plate amembesranst space is defined
’b_y each beamin said pair of beans and said plate nenber; and

wherein' cementitious material occupies a substantial volume of said
10 interior space to form a non-unitary building structural element and said building
structural element has residual or no deflection under dead ioad aﬁer.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. |

15 3. An element according to claim 2 wherein said one or more tendons

_may each be'p_re-stressed to provide an upwardly directed force to counteract a
portion of said dead load. .

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

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




wherein cenmentitious material occupies a substantial volune of said 10
interior space to forma non-unitary building structural elenent ggq- sai d

. buil ding$hfsiehidr al el ement has residual or no deflection under % o9
after application of a post-tensioned pre-stressing forc&C TAVRNIEO et
according to claim| further conprising ﬁe or nore -tendons extending
along a length of said interior space. 15 3. An elenment according to claim

2 wherein sai d-one e tendons. each. be pre-stressed to provi de an
upwardly direcfed f%%gﬁ{rﬂe Bﬁ‘ﬁ‘i@&‘&@%ﬂamﬁw@ﬁf@ﬂ RAQToqeRcuNsLeach engn

el ement aofeardi AgronRRidERNMENIE ePHRYARY SUPpBHER & '
supporting | ong-span f1oor - areas wit h:pﬁ a guiuiblgiéng. 2 ?QSéi\r']&gleée‘ns’edﬁ? each
accor di ng eng disgidrelegBl.ei n said first flange portion in each beam )
supports part of a floor span within said building. 6. An el ement according

~to claim5 wherein one end of said elenent is -secured to a colum of said

Eui : (cjli ng and tI&;e ot hm ederdent ascirdirg tmany dne ?fethe“ previdies @iafmsehaaﬁng@ir@' .
ui [ . VWO 02/Q9921 6 4 NOv 2005 PCI/ AU02/ 00716 7. An el enent .
accor dﬁg W@%’P&ﬁ%ﬁ% %Hé? EXienging inte SakbrleHofSRAReremyeithsr said weli padion,
~ said el emgbatk shftiBERAT £ és%H%‘f’é&ﬁ%e@i’alfe@tfﬁﬁ \Wﬂ‘iga c@rﬁbﬂiiﬁ%\ﬁ{m&?@?zﬁ@f

said elenent. 8. An elenent according TOo any one o e previ
having one - 5 or nore shear studs extending into said interior space from

ei ther said wely portg ' N ~Sai a btaip intearal action
with said rCerrelr?t' !Ot [ oﬁ@%%%@gﬁ?%cagqlﬂgﬁ%e%m'?éé%gtggdbﬁéd’ 1 a?ﬁ%"%n@' e
previ ous cuppod means| in theufopor of ligstares, ioxtéi irftorsaid finterioRsPAES 1o SXkpoeH

into said interior .§8ace to support said cenentitious nmaterial.
P said cementitious 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. | |

1. 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 'previ_ous_ 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. o

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 ement accor di ng to any one of the previous clains further

conprising a plurality of reinforcenent bars extending along a portion of

said elenent. 11. An, elenment according to claim 10 wherein said. g‘t ﬂgrv g(ﬁg

of said elenent is housed adjacent a r€bate in said core of -said burlFd .

15 12. An elenent according to claim11l wherein individual ferrule neans.

formed in said coreagenesaluleshadped ctinriel wadars hatingce pattofspppsel siged

pl ural i ty@& rgi@:}fg%\%%enent bars. 13. An el enent according to any one of
GRY

t he previ EPEPEIRENNG fach sideavalleach beam i s stepped to
accommodat e service ducts. 20 14. ‘An el enent according to any one of the

previous clainms V\/nerﬁgn .each beamin said aqu ﬁf@aigeam; is constructed of

ERIR o7 R 9 PP r 80l otRld clusines RPdiPai n

metal . 15. An el emeff

sai d cergdiirid AQUReMBE 8hadE; driy concrete. 16. A building structural el enent
4 NOv 20

conprising: 17 - .0 a generally U shaped channel neans having a
pair of opposed side walls and a further portion joining each side wall;

whereim said pair owh@mmsc%%éhﬂi%u@%hfer@m@c&@bi@sfélé&@&énf?&%te@e getiige an

interior space; and wherein cenentitious material occupies a substanti al

vol une of NBHid shaseeta trms palbin the thammeli Mmeanstaaoohaniteey buiidimg structural
-uni t il i ural, el 1t and, sai d .hui| dj t.ructural
ol enont  reit it iagt ol ek BB RN &S etk S P T PR Sidan o

- a post -t edeacivadi piter Hpplieaton®f bgick-teddlondd peé%maéi_ngq_@ﬂfedi ng to claimil6 .
|

havi ng one or nore shear studs 10 extending into said interior space from
either of said side walls so as to obtain an integral action with said

. .cenentitious nbferiAh. eldfentracebeadirgttoadaion disnbatingedider mbmi sredbstuaisl?
\.__wherei(S séj)ﬁ ort 'bg?msid in the formof ligatures, extend into said interior
o SXippdine glg §a

1

pd

integral action with said cementitious material.

space Interior space from either of said side walis so as fo obtain an

18.  An element according to either claims 16 to 17 wherein support
beams, in the form of ligatures, extend into said interior space to support said
cementitious material. |

15 19.  An element according to any one of claims 16 to 18 further

~comprising one or more tendons exténding along a length of said interior space.

20.  An element according to claim 19 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.

20 21, ~ An element according to any one of claims 16 to 20 wherein each of
said side walls has a flange element extending from a free end of each side wall,
- said flange element supporting part of a floor deck.

22. An e[ement_abcording to any one of claims 16 to 21 wherein each .
~end of said element is secured to a support structure.

25 23.  An element according to claim 22 wherein prior to securing each end
of said element o said support structure, said element is temporarily s_uppo'rted on
false work at said each end of said element. |




cementitious material. 15 19. An el enent according to any one of clainms 16
. to 18 further : conprising one.or nore tendons extendi ng alony a*llﬂé’n@t}mﬁ of
~ sai d i nteig @gesnaace. 20. An el ement according to claim 19 i%lﬁ, F:jbﬂ( ﬁq}d one
or nore tendons may each be pre-stressed to provide an upvvaré y cfl fect ed
force to counteract a portion of said degd | oad. 20 21. An el enent
according to any one of clainms 16 to 20 wherein each of said side walls =~
“has a flange el 2aent ARXeraAbRD docdRiifig! 16 °a @) doRd_6F Tlahdl®1871d 23 nghﬂer
fl ange el enent supporting part of oor eck 2. An elenent "accor to
- any one of COTRI#HTLE Pblralﬂyvmfer@nformant dads axtendidgeatomgna pertivac ot e;mdo

a support I%@%cture 25 23. An elenent according to claim22 wherein prior
to securi-ng JH end of said elenent to said support structure, said .
el enent is terrporarily supported on false work at said each end of said

elenent. Tf, 11 5] WO 02/ 099215 PCT/ AUO2/ 00716 18 24. An el enent _
according to a one elemant@cegrding Rcmt%wheé@ﬁmtl leasigore pf theaendy obf -,

*LeLntor seTaal claert ' Fadkagapha, 8 R B GBSy

el ement according to claim erern a Iea of said
el enment is housed adjacent a rebate in said support structure. 26. An

el enent accordi top I LV ferrul e rmed in
sai d support st%ct urg' gllr ?‘%@c%grbg’ &Pg '10 % %ﬁl WheIR{ey mdé@ﬁﬂaffeﬁ%ﬁ% Beagsid -
plurality furmee inf eaicesappordstreictuié. adnsehiiedNo Mﬁﬁ@a!”ﬂalﬁfbr@élﬁeﬁpﬁa%‘( of
clainms 16 togiﬁw\gﬁggtn each 10 end of said each beamis stepped t

-acconmpdat 8 tairforegmentbafiserent according to any one of cI aims 16
to 27 wherein said -channel is unitary in construction.

_ 27.  An element according to any one of claims 16 to 26 wherem each
10 end of sald each beam is stepped to accommodate service ducts.

28. An element according to any one of claims 16 to 27 wherein sald
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. 'A_n element according to any one of claims 16 to 29 wherein said
channel means is constructed of metal.

31.  An element accordlng to any one of clalms 16 to 30 wherein said
cementitious material is concrete. .

32.  An element according to any one claims 16 to 31 Wheréin 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:




29.° An el enent according to any one of ciaim'16 to 27 wherein-sai HVcH¥nnel
means i s constituted by one or nore joints joining adjacent portions. 15
30. ‘An el ement according to any one of clains 16 to 29 wherein-said
.channel neans is constructed of netal. 39 An el enment according to any one
of clains 16 to 30 wherein said cenentitious material is concrete. 32. An-

el ement accor di ng t ca paly obbeanisaieash beane irBdaidhriicdfbesths hblivgra tFPfAIRGK
has fluid b%l,[jri er n@gnsaﬁo ensure said elenent is fluid tight. 33 An
el ement afONHAIng PN flanesoParionepnd @ welr partiprpaxtendingrbaueen seidites a
fluid st O[ﬂaﬂ%@ @orﬁbﬁiaq]dpgé?@imﬂgﬁpﬂ 'BéﬂionA bui l di ng structural el enent
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conpri si ng: a pair of beans, eac am1n said pair of beans having a
~top flange portion, a bottomflange pertion and a web portion extendi ng

bet ween said top fl | [ tom fl ange tiqgn, a plate
nmenber adapted to eﬁ%ggiégﬁ{eésdaggrt %%P%@ﬁﬂ&ﬁﬁqg%g&gp%@&q lgﬁiomgpaggeet%gﬁo%am
~in sai & paifreash beamsinsaithpainalf beamsbech ehatsnftericr Rideiedidineganehgam
“in said pair of. begms .ang said plate nenber; and wherein cenentitious

mat eri al” iR Sald RAIHeT BermaIandssaidwIae reamber; #ndri or space to form a
non-unitary-building structural element and said building structural
~element has a residual or no defl|ection under dead | oad after application
10 of a post -t ensi on&leksincemesdiipug matedal ogsupies ¢t substantial velemerdf said

accordi ng j ' \ el i . r is a soffit. 36.. .
structur allﬁ%rgﬁrﬁt af:ltg\c,)\‘ra@‘iﬁ.'n% Q}O?)]a%'ﬁgl Idﬁﬁg‘%ﬁl‘"ﬁ{%@i %Iegbqr}tiqnngalgpb%%g
‘tray for metnfdtunal elein@m. hal aetdiddalodr naralsflagtich Grdérddest Raduster Rpliehek Nt

conprising,.the steps of.: constructg ng a pair of beans, each beamin said
{pair of'b f;Post-tensioned pre-stressing force.

35. A structural element accbrding-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. '

- 15 37 | A method_of making a building structural element comprising the
' 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;

20 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
said plate member; and

pouring a cementitious material into said interior space to form a

25 non-unitary building structural element such that on curing of said cementitioﬁs

‘material and application of a post—tensibned pre-stressing force, said 'bUi!dEng
structural element has substantially no deflection under dead load. |




conprising a first flange portion, a second flange portion and a web

- portion extending between said f| rst flange portion and said seg fb%rgge
- portionw@@:kh®13 ng and assenbling a plate. nenber such t%x@%(@kg
menber engages one of either said first flange portion o LIRS

flange portion of- each beamso as to cr@8te an interiar space defined by
said pair of beans and said plate nmenber; and pouring a cenmentitious
material into said interior space to forma 25 non-unitary building
~structural elenent such that on curing of said cementitious material and
application of a post-tensioned pre-stressing force, said building '
structural el enm.t hasmeitxsd astolin t el BRaihére
02/ 099215 20 .. N OV 2005 PCT/ AU02/ 60716 38. 'N?ﬁéﬁﬁpggﬂﬁ?ﬁﬁ‘g "t“gé@g?al m.,
37 wher ei nPNE ﬁelﬂ FRmestiious malelakas pedt ona ﬂmiraiaﬁmm iis poursdhinitersaid

as part of r|o pace in the sane
~ pouring stlggeradsr%? gﬁggg%tgnﬁsg Hé@g}épnégaﬁ%cﬂ@?q{ga rng to claim37
wherein said pouring step involves pourl ng said cenmentitious material in -
construgting a oor i done separately to the

pour i nggstep in %ons ru%ﬁ%ggﬁ?#ﬁ)g |ad&b§‘? witerejn sa %9&“&@9&3@? rﬂ'@VQMe&ny
one of cl apowrirly shl Edmbnfitices n@éﬂél'lﬁ'dﬂﬁmstrﬁég@g@ﬂd& &%&u S8R9 Saf ﬁhlqgrﬁ

structural element -initially on tenporary sup ures jac
to a per rraﬂ%’?ﬁ sgparaielyderthe pousngsiep inieensteuctisigesaidtfloor deck.

40. A method according to any one of claims 37 to 39 furlher comprising
supportmg the ends of said structural element initially on temporary support
- 10 - structures adjat_:ent to a permanent end support of said structural element.




