WO 2011/ 137496PCT/ AU2011/ 000525 A Building Structure Field of the invention
The present invention relates to the construction of concrete buil dings as
wel | as ewermsnisy496t ruct ures and net hods used in their eomstuzontdoes2s The
invention will be described in relation to the construction of high rise
bui | di ngs. However, single storey and |ow rise buildings can al so be
constructed using aspects of the present invention. Background of the

i nvention Buil dings having concrete el enents are constructed using formwork
to create a tenporary or pernan cast_into which the concrete to formthe
structure of the building is pog‘;%ﬁ'd%sq‘é%&ary formwrk is renoved after
curing of the concrete, whilst permanent formmrk renmains as part of the
structure of -.the building after the concrete has cured. Current nethods of
_provi diFiedd obtherietemtioor mvor k are very | abour intensive and potentially
dangerous for workers. Traditionally, tinmber formwrk has been used. Tinber
f or maor Rihg resignt inventionirelateB o dhe: sprisiraetion afroneraiesbuildinge as well @sediegers.noul d

i nto. whig ﬁ&t&@@%ﬁ@&@trﬁa@u% ih %Mnst&mmafﬂeyn@hymﬂ bé@emiaé@lm @lafortiped to

define t des and bottom of the noul ds, and nore sol | er frames. and
br ac@gthﬁs@lﬂ‘si’%ﬁt'ﬁﬁloﬁh’ﬂhé‘sﬁpym "??Wﬁ}’%{c@”9'?ﬁ@r‘i)’s%"ddf’wtr'isﬁ‘8@'ll ng§rcap A¥wor k
has cer paicBngliueRd \eing agwstts ¢ tHb prédembiavertion. mwrk is only able to be re-used
a very limted nunber of tines, it also has the inherent di rren5| onal and

structural irregularities associated with a natural product. Moreover;
because Backgroandwbtte ingentemual |y installed on-site, tol erances for
installation are 20 relatively | oose. Conventional tinber formwrk fora
verti calBuiigings baving eappieteapliepents pse sensgicted paing famwosalodsealp AcerPeEar ¢ by

the thi ?Eﬂmnpfcaéthiﬁto"‘@hichttﬁe h@nsreRate thrmTihe Q%fu@’@ deQfﬁé ‘b@llch e iV pp@ett e
surface The b

of the wal oards are.sup {)orte and F on tp t er nal
si det bylefmpaiser TEMEK I EPMRVRE raftsF SHINg © @%B?Wr%tﬁew ﬁpﬁ["?ﬁf@" %ﬁ@wﬂ rds
?r e als Eer]btuﬁﬁ aé pareafthe efrivture at tge Ibt.u&{1 ingedfter the cb@érdtetﬂaﬁ cared veurtent ebthbbie of .
or maor [ OM NMoVi tunder. the oress ner g poure
into th® '}ﬂ/\iﬂ"ﬁre?e%ﬁé"%r%?re (14 'S%oqrbné APNG 247 gogmfai'néga'??%m%s% %fqr?‘?ér joard. or
be pl aced such that they prol ect through the wall .of the board to the .
opposi t @@ngﬁéhﬁlﬁé%nﬁﬂér §'béﬂ'pgé%ld Sttirh b it dork &l é}ﬁsn% thy é)@érpeﬁt@re

under si oor ‘1's |ne one or nore sheets of tinber (eg. nade
from pl WV@O@BeSttW&ef a0 éf%ﬂdﬁ?% it Wlhlcﬁﬁ@f‘c'ﬁ@a‘??é‘ be-érmed evTé(P\éa”y plywood

15 boards are used to define the sides and bottom of the moulds, and more solid timber frames
" and bracing used to hold the plywood in place. The use of timber for formwork has certain
dlsadvantages eq. tlmber formwork is only able to be re-used a very limited number of times, it

" also has the inherent dimensional and structural irregularities associated with a natural product.

Moreover, because the formwork is manually installed on-site, “tolerances for mstallatlon are

20 relatively loose.

- Conventional timber formwork fora vertical wall will typlcally consist of a pair.of boards spaced
_apart by the thickness of the walI to be created. The boards define the opposﬂe surfaces of the
wall. The boards are supported and braced on their external sides by timber beams and other
bracing to hold them in place. The boards are also tiéd to each other at intervals to hold the
25 walls of the formwork from moVing apart under the pressure of the concrete being pou‘red,into
o the fdrmwork. The ties can be located along the edges-of the board or be pIaced'such that they -
'project through the wall of the boérd to the opposite facing board. , |

- For horizontal structures, such as a floor, fhe underside of the floor is defined by one or more
sheets of timber ‘(ég. made from plywood) that are supported on timber beams. For eIeVated '
30.. floors a temporary support structure needs to be erected before the floor of the formwork can be



30 floors a tenporary support structure needs to be erected before the
floor of the formmrk can be WD 2011/ 137496PCT/ AU2011/ 000525 i nstall ed.
Such i nstwbl2ati@mess very tinme consum ng and potenti al | yclraamodmoes?2s
particularly when the workers are installing tinber panels on the bottom of
the formwrk section for horizontally extending structures |ike floors or
beans onto the .support beams. Around the edges of the tinber floor, walls

are erected to define a volunme into which concrete wll be poured Prior to
pouri ng concrete however, ot her el enents f-ﬁf‘? E ?fﬁ '%‘B
f or mor inska¥ed. tich iRgtaliatian 'sb‘(?r%%{g? CONUBING AN RS RYNaZ¥AP T PR Wﬁryt‘ﬁreeé’e are

reinfor %&@o@éﬁs%r@ﬂﬁtéﬁﬂ@dﬁib‘es pirwls Prothe Hottomi of thenfprrhwort sestjondpendrizomtallyand
connections for Vi ce enspl acenent of each of these

addi ti oﬁéﬁe"@f‘%ﬁté‘ﬁ’f‘ge?@( g‘gPﬁs&f %i“%?\'%?%hee séi'f’ﬁonb € formation of 10 the

formwork, with each additional job beconing progressively nore difficult.

and hazay do i 8{1%&%‘&?& 6t 1B Wil ke PR RARO RS RoGhrithl @hedn t h

ot her el enent inorder to Instal 1 ng connections in a

f1 oor5 i thlh'a%/PQ)éedweEféE garcgpnﬂ@portcr@e hewever.Iregnyogheh P@E@nems%rperﬁ lgidrlp ffge n
many | ayr?rﬁﬁvom sJ Rathey é‘dnrl:ge c%%ﬁﬁl'o teY cd?fchz@f it EmBAGthete hrdeeihfaidind bgs andhese

el ements w | | so -need be carried manoeuvr ed a r 0SS surface of the
f or maor I@OBMP ﬁoé ppst Gﬁ"?@g'ﬂ%rtﬁ%@é‘a 593%‘?%96? (ﬁOHBFOH%{rss a@%’B@f‘%ta@& f’lI?'S]at ures
hol di ng seReest eel toget her and ot her el enents. After the concrete has cured
the tenporary formwrk then needs to be renmpved. This is also tine ,
consum ng and potentially dangerous. In this case workers are renmovin
suppor t shegatestenudftaace of thesé aidtnmdl elpooris nshmrforrnehaesﬁezv@empéorr@@emmgy

”Dd“L@ tﬁ?f@?rﬂ@&%ﬂ%%&&,t@b(ﬁg&ﬁt‘}ecbﬁ%% PE&BssiRY rﬁ&g difliRSRa hAsdHslR fBanel s

have a Trahe , for provid q structural strength.

The paneyorkass fagdbe a\@r'r'wegre@r@cprngﬁ qre cluttergd C’B‘i'?c‘rt@e‘i’ fBeNte. Forfa@BPey &t ens

i ncl ude, o §Q11H HHstdIOslih Bifig cBJrr%umnﬁlaSﬂ@m rﬁzEWbé hecéieayrf@dthé @rrsmﬂer{o plhape can

be made by joining these togeth These s er‘rs tf é e{g gl ace

t han' corfPBRPPYRS PP ERNY GYH Re' 8@5‘8?&3""? REINR' %n%f)ﬂﬁﬁ q"gre: § ¥ol t ed

t oget herelgnshtaivilt digtoheal tb)beabrrfedtcm nismoaseet aEngs a sune b the fotmawork that is

conventi ona mAQ k but t h acks.
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One 2840¢T a orary or mwrk I's the
use of peermemtent formaork. For exanple steel panels can repl ace the floor
of the formwrk on horizontal surfaces. These panels are positioned in a
very similar manner to that of the timber floor panels 30 of conventional

ti nber fAftermiisr sonpiete asertrerbtheiempIAR eI Yert KeRdradsl Renfelpodee -Fi Fedl59 nt o

the = time consuming and potentially dangerous In this case workers are removing supports, and

‘'structures positioned above their heads.

20 - More recently modular temporary formwork systems have beeh devised. These include panels

which have a frame typically of metal for provrdlng structura! strength The panel surface

-defi nes the inside of the concrete mould. These systems mclude corner modules, ﬂat panels

'~ etc and the desired forrnw_ork shape can be made by joining these together. These.systems
can be quieker to plece thanco"nventional‘timber-' formwork: because they can be clippeq or .

25 bolted together ‘and are typically able to be ueed many times more than conventional timber

formwork, but in other respects have Simil‘ar'drawbaeks.

One way of partly avoiding work assocrated wrth temporary formwork is the use of permanent:
formwork For example steel panels can replace the floor of the formwork on horizontal
_ surfaces. These panels are positioned in a very similar manner to that of the trmber floor panels
30 of conventional timber formwork but need not be rem_oved afterward as they are formed into the .



WO 2011/ 137496PCT/ AU2011/ 000525 3 undersi de of the concrete which they have
been used to create. However, in other respects these systens are simlar

t o convenwoanalisvioeber formwrk. There al so exists frampog/agsti@moeszesed for
creating vertical walls such as the AFS system which conprises a series of
vertically extending studs to which cenent sheet is attached on 5 each side
to define a wall. cavity.- These wal | sty uctures can be used as-is or filled
with concrete to create a structural wall. If they are used as formwrk. the
panels are first erected on site and braced. If reinpforcing is needed,

r ei nf or ERdRESIgmPStha NtV BeY bave Red 1978 tP it hallovaNAre ) dleeresperts ed.

Ser Vi cegesaBysising ar8iiiRetoldohwingbnd iebyvabimwagk.or e the concrete is finally
poured. They can then be finished as required. 10 One way of aneliorating

the conplexity, cost and risk of using formwrk as described above is to
precast Thére atsonexisté dramingneystegisodsed ort ereatingt vertivak waks suchyasvihaARS systarer t ai n

situati RRRn cAﬁ%%e@' Qgér}’es dftvghév\gne@dﬁw tst@s hRehidl St shé@t%‘tatt )eB ®n

addr ess one or nore e prior art syst ens - and
pr oviSde eachusidsf tgldefine 2pakheavits tfpeseweaﬂtstructutes icgn hetisegdaf-is oefiledivdth cansreléf t he

| nf or mayg antE% stnt]btaraff wsﬁ' Iffth%gfaré)&seu%sq&mmw @8 r,seﬁat a.kmwe%tﬂ@d orliteXngt hat

the person s he art could be reasonably expected to have
ascer t abfaeed.df ’Wﬁét"gt"ﬁ)ﬁﬁeqeﬁ reijeree darg argthen Mseaert nty tr@dﬂtﬁf'}‘i‘eaa‘i'tt’ 8Sn any

way at tirdd.i Serlibys SR inSHEERYudH thé il befserthi @Bnciéte isPrRBEPduréd) VEREyOr - has
real i sed that sh{%ﬁt ures siMlar to those described in the -applicant's

previ ouS@hRERRE MYHHY BIPTERE can be used as permanent formwork im the
'construction of 20 concrete structures. For exanple, formwrk nodul es for

buid di f
Conelt LR B8 e kR g Ry e R B LR K B BS Bl e

nane of taprecaspiheicengiete elgren S“Sab‘t‘ﬂti%'lsa’ﬂ')’é(tw&n'ﬁ sy PAtidISso be obt ai ned
if prefabrlcated f or maor k m)dul es, f or mwor k nodul es for fl oors, beans,

band beans s. and core i nc senblies_si rt at
doscr i bageiNg s AACPERLT RS mveﬁtpp b BRSO S B bkl
Accor di figd prior art systenvadndiorpravisieaciseful alemativetttthem. pr ovi des bui | di ngs and

bui | di ng portions and various.conponents and nethods for bU|Id|ng

bui | di ngs.
Itis not- admltted that any of the information in this specifi catlon is common general knowledge

15 or that the person skllled m the art could be reasonably expected to have ascertained or. -
.understood it regarded it as reIevant or comblned lt in any way at the prlorlty date.

Summary of the invention
_The present inventor has realised that structures siiilar to those descr_ibed in the_appIiCant’s
‘previous patent applications can be used as permanent formwork in the ‘construction of -
'2‘0 l concrete structures. For example, formwork module_s fof a buildihg cpre, Toom or structure can -
be formed from elements similar in eonétruction to the ybuilding units described in |
' PCT/AU2-009(001'236' in the name of the Applicant. Moreover particular ad\}antages can also be
obtained if prefabricated formwork modules, e.g. formwork modules for floors, beams, band'
peams, walls and. cores, include panel‘vassemb'lies s’i}milavr to 'that'descn'bed in International
25  patent application PCT/AU2011/000298. ' |

AcCordineg in its various aspects the irtVention provides buildings and building portions 'and'
various components and methods for building buildings.

One aspect of the present invéntior‘t provides a pre-fabricated formwork module for a building

JUNRUSIVIS 3 SUUNDRI | NI O DEOR (RS NN Qe



WO 2011/ 137496PCT/ AU2011/ 000525 two or nore panels each including a
boundary portion and one or nore projecting structures, the panels being

arr anged woGhiiif3adost hei r boundary portions together def h)@@/pﬁ]zfﬂﬁo‘éészs
substantially continuous boundary for form ng concrete, the projecting

structures projecting fromthe boundary to project into the concrete; and 5
one or nore reinforcing bars fixed, e.g. fixed to the projecting
structures, in position relative to the boundary for transport and to
reinforce the concrete. The projecting structures (?ref erab%% |ncI de' one or

more reded of mgre/pANgl @ABANGHEINGLA RRHTIRYY RO INePNe; ¢ JROB ARG © frye t’rgi“ei ve

one or. %ﬁ‘ar{e%' t!@irﬁré}raﬂgedﬂéucﬁ that RRiroRh&H bﬂ@orﬁ?sttbgléthwdbﬂndﬁfflrsnsmtatriﬁetly '
receiving volds my be shaped to carry_a reinf Eh%rm ned

C 0 mg 0 rojectin skrng I ojecti gpl%rg%e
spaci ng CPRBWPYEH EO¥AAG (Rd oFONEEte” PeePrIesh %/ 8§?r§/ Jgf Yeast
rei nf or GolghdPploSpréjéct irdd the@asdreteyand di f f er ent predet er m ned spaci ngs from
the first boundary. Preferred fornms of the nodule further include a
retaining structure to capture the reinforcing bars:in t he receiving voids.
The rft anaiongnose reinforsing bprscixed.ahy fixethtd e dsoiectipg stragtiress e Positigy felatiestonhi ch

in use qﬁ)enﬁ(g‘;\r '?&tﬁhgto%d@&eﬂf&ﬁ&th‘érc%ﬁcr% respective panels and through

whi ch the aining structure is welded to the projecting structures.
The retaining structure, or further structure, preferably defines a second

fSUbSt agt'ﬂh% rdfed %ﬂnﬁﬁt’tﬂé@‘ prlé@deﬂﬂi,arhbtudé dtfe d‘r(h’ﬂdn Rgeiving voids epertrppmedartily dnort he
i rst boundar

h b
o s o0 L ok 5B G AR e DAL T 5, SR SEing
ar r angede@dviid1eoid ey be shipedhatamy a lreiafotcingriwr 20a presietasminad spadingcram éne
por t | @gdog,gp i BIARK drdrel B Gbl GRY & st BurehieTbh @ bafd & Siebachs! kil € of

a net cate n the. rece ving voi ds of the ot her
bl ank. Tiredaterdhiried snaqngsdrqm@ﬁfltshmumdémvm or nore spaced beam nembers
supporting the panels. The beans nenbers preferably have a proflled Cross

section including face which is arranged taq t he concret% ]eéar ofile
can -be, tﬁg{erqeg forBs qfithe p@gulecturthgﬁ |q_c ud Feta§1|69 s %Wﬁﬁ%d’aﬁtf’{?ft F rem orci

bars in the receiving voids. The retaining structure preferably includes a plurality of apertures
whrch in use contact the projecting structures of respective panels ‘and through which the-

15 retaining structure is welded to the prOJectlng structures. The retalnlng structure, or further
- structure, preferab!y defines a second substantrally contlnuous ‘boundary, for forming concrete,

spaced from the first- boundary

" The receiving.voids are shaped such that the lpanels'may be formed from blanks cut' from a

common sheet of rnatena| said bl'anks being arranged on the Sheet such that at least one

20 pro;ectlng structure portion of one ‘blank is interleaved with a similar prOJectrng structure of a
neighbouring blank and located within the receiving voids of the other blank

| The rnbdule.mayrfurthe'r include two or more-spaced beam mem_bers supporting the panels.

The beams members preferablyiha‘ve a profiled cross section including face'which is arranged

to form the concrete-. The profile can be, but is not limited to, an L, CorSorZ shaped profile..

25 Preferably at least a portlon of each prOJectlng structure spans the space between the beam
members. The projecting structures can (but are not limited to havnng) anL, C, S or Z shaped

profile.



25 Preferably at |least a portion of each projecting structure spans the
space between the beam nenbers. The projecting structures can (but are not
limted two'2bavismgy an L, C, S or Z shaped profile. WOPCT/AU2011/000525

2011/ 137496PCT/ AU2011/ 000525 5 The projecting structures may include
apertures carrying the reinforcing bars. Optionally each projecting
structure termnates in a hook formatigon for keying into the concrete. The
proj ecting structures may further include concrete flow apertures through
whi ch the concrete may encircle a portion of the. projectin tructyre to
engage Thepisiesiirgstrustires May inglude a f&#%%%%“gé%%?"g?’8f“%g’ﬂsng’§°P %} t‘ettjérc E

def i nesrr%je%HEbOQFJclanté&mranégme heaKk fdjrinallganafo_rrl&iyrmbdmtoitmrg;cdmre.te.Cﬁbveimuiacttihg t he
supporting structure inc es a channel . Anot A t i ion
ot ovi destgpe ey brienPEkoT SRS onaativer e Udt wish B esirsklifia) SHFRE
modul e hpehidANGE projectifg §tarctarelef éngagerthe peajdstit@structire.y cont i nuous .boundary
for formng concrete; and 10 one or nore projecting structures; the
projecting structures projecting fromthe boundary to project .into.the
conciset eraferdbigehniprajecting sisydure idefinest 3 §ERPORIBY SHEFIYERTINEA ITBIEPEP3bar .
The suppQf.fi t _ mannel . Preferably the supporting
struct u?)%{néﬂg%?%lﬁéuﬁé%ﬁgﬁ?%? @glrﬂ%:arcﬁagd t hereby are positioned to-
reinforce a |ower stratum of the concrete. 15 Another aspect of the

i nvent i ARoMREPULEIRS o thd RENtioRCHrodiery aopre-fatricated dorofworh enadulgufoe s Building -
concrete. In floors including nodul es having _projecting structures, the
boundar ;P°5'8P?tth%ﬁ‘§d?'rlﬁ)'f‘.°@gm§tjsi tioned horizontally so that the projecting.
structures project upwardly and the concrete nay cover an.upper extent of
the projecting str i oPforrhiRg comty&stdnan provi des a wal |
i ncl udi ﬁggﬁ'}\g&@?‘b@o%g%@'%%gﬂ%@wfzo c’-ongr ete there between, In
wal | s includi ng nodul es having projecting structures, the projecting

st r ufd UrRs ofmbréEseiectin stostoeet ed to .a respective projecting structure of
the other nodule to-tie the nodules to each other. Another aspect of the

i nvention provides a pre-fabricated formwrk nodule for a buil di.ng. portion,
t he noduhepiojectingditrugtutss poojecting framrtae beyndaryde piojechigtoAhe 6enerete Ang %qﬁl"ﬁj‘

concret 'es;uﬁgc';]'gng structure carrying a reinforcing bar.

The. éupporﬁng structure may 'include a channel. Preferably the supporting _structure and the- E

reinforcing bar carried thereby are positioned to reinforce alower stratum of the'c_oncrete. :

15 AnotAher.a'spect of the 'inventibn' provid_és'a'ﬂoor'includingbone or more of the modules and
concrete. In floors including modules having.projecting structures, the boundary portions may
be positioned hbrizontally S0 that the projecting. structures project upwardly and the cpncrete

“may cover an upper extent of the projecting structures.

Another aspect of the invention provides. a wall including one or mQre of the modules and
20 concrete there between. In walls including modules having projecting structures, the projecting
structures may each bé connected to a respective 'projéctihg' structure of the other module-tq" tie

the modules to each other. -

~ Another aspect of the invention provides a p're-fat_)ricated formwork module'fqr a building

portion, the module including

25 one or moré forms deﬁning a void for forming concrete; and



WO 2011/ 137496PCT/ AU2011/ 000525 | ocating structure by which the nodul e may
be located relative to a vertically adjacent |like or simlar nodule.

Opt i onal lwothe/i3eat i ng structure includes a | ocating elpem20iobizdi ng an
engagenment portion by which it is fixed relative to the fornms, and a

| ead-in portion to |ocate the vertically adjacent |ike or simlar nodule.
Preferably the forns are conpl enentaryg to the forns of the |ike nodul e when
nount ed atop the Iike nodul e. The modul e nay further include an inner form

and an -outer form The .ou rmm a rcle t i nner
e st suorine B Sh b ol b Tooa i RlanE i Ve R bl Bt Rg e
forms ndigindr mmiutebul ar whereby said defined void is tubular. A portion
of one the forms may project upwardly beyond another portion of the forns
to forman 10 inner edge of a concrete structure above the other form

por t i onOptineliytbe lasstinacstructtiret indudesadpration elsment induding arengepemetiPafien by

i ncl udi paen R fﬂgggﬁﬁf@?% th Brinis OkhdCiBhd- Grlﬂo%ﬂ)ntté’lo%%%g@véﬂldahy deédéhﬂlwarok

nodul e 1 n use; d-in ortlontolocateave cent like

or sbni similarraerule Freferably the fOFHé AEERARIPrReItary 47 f']eofﬁm?ﬁaﬂf tﬁhd%%@]‘@*’“ %“PP%mge

i nsert aﬂh@nt&@at‘%ﬂmﬁe%cfdgfenw rlﬁodméihl\b?furﬁeldnaud&arﬁhﬁ@ forat driccdh duderlform. t  t he
insertion of the fla The{ ead-in ortl%n P F‘ goal%rttl n.can form
respectT’\‘Fe°'étFH@§de‘aya 'F?%r?@[}yaﬁn%%‘?tt CoRANeTRE" l’? AefgUNa MOl PPHO e R be

t ubul ar fornthe whie thse, paeH Etiadioyms mightintetsbaaewterebysae definerf wictis tgpulzar s i xed
in positionrelative to the .forns for transport and to reinforce the

concrete. At |east one of the forms may include two or nmore panels. Each
panel népoitiaulofiore the fiesma drayipraiect powerdlyrpexens ethes porien af tae fqr'ﬁét%ff’ﬂ]" 88ting

strygt upger ogefaha B&RRdte %ﬁuoﬂfr@fa%@tihé/otﬁérfb@@ﬁém&{ edoninantly integrally
formed o et material. Mbst preferably the panels within each formare

arranged such t hat their boundary portions together define a substantially
cont i NUAKGh&CaEpEErdf tHeoimvdrtibmpryideb @ lcmng element including;aahengagahentwyprtionc| ude

d f th fl 2
o0 9SSk, SesbASuR M kL 65 Sl phia O g ar 2o

pr oj ect adjatemt likecor somilar mbdule iy usegi on adj acent the defl ected edge portion may
be recessed relative to a presentation surface of the sheet to recel ve an

edge portion of a |ike adjacent panel g%{);i te the "adj acen ;S'E%ﬂf

def | ect &b eRGRICHIGR} RAON ¢78 RFiee A flaRgeASLiaPIedR €8935° § é’“‘é{?f}( B%fh@l s
subsiisantioglpbitioahd it the MeerRA bf the 4RGN Thé RIFBGHLAd &R biep perion campmioi ds
can be shaFed for -t ved bl anks. Portions

|
of the B '&’?FHSS 8&‘.1‘??%&%@"8’8‘? bﬁ\leﬁ'g'f“@H'@r ﬁ’°é§°[ér\]'v$>%1§gk>‘§@a's can be shaped to

carry a reinforcing bar at a predeterm ned spacing fromthe-boundary. The

porti ongy of, 418 &g@ra%g anaeqést SHCLURER: r@ﬁq?drawaarsh&ea ‘ﬁbeé(tloﬂg-etéWéjﬁa an be

shaped to CHr ry rei nforcing bars at, east two dlfferent
pr edet efamna éaf t@pemf’fr?@d te Wﬁrﬁh@eﬁﬁﬂmﬁér y. v

~ At least one of the forms may include two or more panels. Each' panel may include a boundary
20 portion and one or more of the projecting structures. Each panel is preferably at least
predominantly integrally formed of sheet .mat'eriva| Most preferably the panels within each forrn'

are arranged such that their boundary portlons together define a substantially continuous '

boundary for formmg the concrete

Each panel may mclude an edge portion of the sheet material deflected relatlve to the boundary '

25 ' portlon to form a prolectlng structure projecting from the boundary to prOJect into the concrete.

A region adjacent the deflected edge portion may be recessed relative to a presentation surfaé:e
of the sheet to receive an edge portion of a like adjacent panel opposite the adjacent panel’s
deflec_ted edge whereby the presentation surfaces of the adjacent penels substantially align.”



Each projecting structure can define a supporting structure carrying a
reinforcing bar. The supporting structure can includes a channel. Another
aspect ofwoheir/mverti on provi des a buil di ng portion inclpagisotieoszredul e
with locating structure and concrete. 10 Anot her aspect of the invention
provi des a panel for a building portion; the panel including: a boundary
portion for formng concrete, and projecting structure projecting fromthe
boundary portion to project into the conCrete and including apertures
forreceiving reinforcing bars; and bei ng at ast gonlna |nH§grally
formed dhe sFRegtvVingataids e if?hﬁ%‘??nfobrt?ﬁ 8 ’P"r"‘ng" £ rfﬁ Ot in a
hook f opgRibh®Bf tHy pleRytinyd sthI&Lﬁ’ei Befimnthealeceividd veidg &ap det shmlped)fto tchey $heet

ot of cct (oL o 8 ety a aaPare fem e AU e o8 et shihe SRR,
r ecesseéhriictlras tefdnirigthargueieing woids cambes sirdpad to cHirytah teastteetreinforangdmirs/at, atn edge
por tigo éragbdjnroldlf}éren?gre% n{nngdagb%crn Pﬂgrﬁ'thefeocf[uﬁgargdl acent panel's deflected

edge-“wh sen Ion 'sur aces 0 dj acent 20 panel s
substantially align. The projecting structures preferably include concrete

fl ow apehtyhegeding %Hgaur‘é'hééhhdéfm% &@Uﬁd’o@ﬁr@ SRR Ghirfihg adrepfdrtih@bapfTHee
proj ecting ETuCture to engage f)ro jecting structure. Anot her aspect

of the: .srﬁmmgcﬁtruerlwaaésc'%ﬁsaﬁm y including two or nore of the panels
arranged such that their boundary portions together define a substantially

cont i nuqus, bounda 5.far fornrn cl S
2011/ 13 PHGWBCATRELY 163 i Bhush Wit 4 Bi'sdﬁ‘%@r fEnipgluding the modute BIRCAYY o
beamfo.rstracthmralndrcwg:retacl udi ng one or nore forms for for i ng concrete and

concrete formed by the fornms. The beam may incl ude,. and ‘at | east one of the
forns be the formof, the nodule with rernforcrng bar Ano er aspect of

t he 1ty énethenaspeshar thednventiemerpvides a ganstfor aPHigingdortiosnt elpﬁ%e' 9 ncl udi ng:

a boundary portion for formng concrete, and one or ‘nore proj ectr ng-

structures proje he bou [ ortion to project into the
-GSO b SRR o

concrete and? recervrng voi ds ‘openi ng outwardly from
the boundary to receive one or nore reinforcing bars. In some exanples the

pr oj ect ing Shioictity &ﬁﬂur&%re@ﬁ\gsmpﬁ@ 5oRndsty hoHih {oop/r’okaﬁn@w&été ghdoe

rncludrng apertures for.receiving reinforcing bars; and
being at least predominantly_int_egrally formed of sheet material.
15 . Each projecting structure may terminate ina hdok formvatio‘n for keying into the concrete.

An edge portron of the sheet material may be deflected relative to the boundary portlon to form
_the prorectrng structure.: A regron adjacent the deflected edge portion may be recessed relatrve»
to a presentation surface of the sheet to receive an edge portion of a like adjacent panel -
opposrte the adjacent panel’s deﬂected edge whereby the presentatron surfaces of the adjacent

20~ panels substantially align.

A

The projecting structures preferably include concrete flow apertures through which the congrete
‘ma'y encircle a portion of the projecting structure to engage the projecting structure.

Another aspect of the invention provrdes an assembly including two or more of the panels
.arranged such that their boundary portrons together define a substantlally contrnuous boundary '

25 for forming the concrete.



10 folded transverse to the projecting structures of the panel. To allow
this, the projecting structure(s) can have notches therein. The panels
(either bwbaoa/wrssafter joining to a nei ghbouring panel pcoavu2ba/ded2ded

t hrough the notches-to create a recess within the panel, for exanple a
channel shaped recess. Another aspect of the invention provides a building
portion including, 15 one or nore paneds and concrete formed by the panels;
each panel including a boundary portion; and projecting structure
pI‘OjECtIn fromth ortion ntot e. t her, aspect
bt °L he. ARGBR SR i iRty pRSers, B Beeie s ROBI Bl Song grimord fRBdert & 50
i ncl udi I&gmtngmosﬂatemﬂrdfwnﬂeteéﬁmddbeftherfbn@ The begre oidy\rciuteyadthatyeast oe ofoi d

for for gggn Oti‘fctbe;o of‘%%%%ﬁéévﬁr?%?n‘?ﬁ%é r%%ll/ 000525 wherein the

proj ect i S dre each connec respective. projecting
structure of the other formto tie the fornms. Another aspect of the

I nvent i aRRECYpEEDS ﬁweWeh% &Bw@ééld pdnegroaa burdhraldaa.oﬁ%é bkl indfeliing! Ng:

installing one or nore of the above nodules at a building site to create at
| east part of a 5 concrete formwrk structure; fi Illng the concrete

f or mgor lg salindie péreortiot formmy cononsté.eind; al | owi ng the concrete to cure.

Anot her aspect of the invention provides . a nethod of building a building
portion including; installing the nodule with locating structure at a

bui | di ngnsidrentre prjevtingestaucfuggsnmoekting fromt the eodupdaratrortioaste pajeet vfo the

bui | dinGondrite! drdSiditflq GABKr Ghée rBLIMNRY oidd BEHY Gutbidly H#EHh ROBGERIER to

installing a atop the m) ule. 10 Preferably t he concrete |s
al | oned rwwatonreea@prep'aqur%wq Bargure to strengthen the building portion
before installing the Iike nodul e. QDtI onally, the nodule may be left in

pl ace t rotect the cured concrete e, Lite, of, th : :

Anot her?'ég %erlrﬁ%eﬁ the SRIFBRY BY ?fa‘ég tfﬁ?% 3PS P 8%i% %l'%ﬁ%&gﬁﬂé’d lguqee for

a buio dlfcng}eqm'absmrs,e to the projecting structures of the panel. To allow this, the pro;ectmg
structure(s) ‘can have notches therein. The panels (either before or after ;ornmg to a .

o neighbouring panel) can be folded through the notches-to ‘create a recess within the panel, for

’ example a channel shaped recess.
Anotner aepect of the invention providesv a bu_ilding porrion including, :

15 | one or more panels and concret_e forrned by tne panele; j

. each panel including

_5 boundary por‘tiovn; and
: projectrng strUCture projecting from the boundary portion into the concrete.

_ Ano'ther. aspect of the inventio.n providee a pre-fabricated module for a wall; the mooule‘

20 including ‘ ‘ ' .

two spaced forms each defining a respective boundary of a void for forming concrete;

each. form rncludlng one or more pro;ec’ung structures projecting from the boundary mto the
void;



the nodul e including: a formdefining a substantially continuous boundary
for formng concrete; 15 and one or nore reinforcing bars fixed in position
rel ati ve wo 2ohesf@em for transport and to reinforce thepcomnaneti®moosthe
pre-fabricated formwrk nodul e preferably includes one or nore projecting
structures, projecting fromthe boundary to project into the concrete and
defining a supporting structure carryigg a reinforcing bar. 20 In a further
aspect there is:. prov1ded a pre- fabrlcated m)dule for a wall; the nodule

i ncl udin fornms each d tive.b r f voi d
For 1 or AW TCBR AU SPIRESER SaE" BIMERES Fof 18 rﬁérwe%”%%a e RhRe”
proj ect bthgr ot tctiethesormsoj ecting fromthe boundary into the voi d wher ei n
at | east some of the projecting structures are connected to the other form
totie the forns. 25 The various aspects on the invention are

conpl emAnothey aspect af the ipeentipn PEQVdgs & MeR0d < dvilgiap Schulding RORiAsr iPErPe

feat ur eg,slaRG dneesH MbBref §ISIEGbod nfdfIed at FOB ARG sitd&o eréh@é' aﬁﬁ%@pb&t of\g used
herei n, except where the caontext requires otherw se

and \Par Pamqr@ﬁéorworwwmnf lligg, ¢e %?@Cfet?oﬁw‘t'%ft‘ ftgucture w fif §%%°'etsﬁ?§'n3'"9 |
" conpr i gROconcrtetd @re. AHotef 8shecofaé invetich provides samdinod \oesuudmgrqnomrmgs

i ntegers or st ) 20 /137496P 201 /0005 descrl t| on of
the draRPiige’ ’Fﬁ‘gjfr@r r’&&"@ﬁ%‘am?@H'FsW' (0? é'gps}rggtgrr?t &% 8'#1% 0| FroYidt?be
descri bodmbmrwmwcmfe fooar lbastrpbnt nga budkingl Blirgrthy conoreté fqrmﬁverkeawetuteommwet
acconpan F| re 1 is a perspective view of a

A nor TR st odil 8 g Fan v

partiall |gure2|saplan view of the partially
constructed building of-: flgure 1, Figure 3 is a perspective cut away Vi ew

of VR @"r'éfer%%ﬂth@%né?éteﬁ?@lld%é’d'tgla‘f'%a@f pariglyrcafe b arMgthen Fhegblt!illemé poﬁtnoﬁn '
expl oded vi ew’ of Cross section. view h

Fi gure &efoge !i‘sﬁ’&"gﬁ@%t"f%@%ﬁ"%w%m%a"%r@ef’ﬁ?ﬂ"‘f %’ rjrf)fgtﬂ %'a‘f’eof ’f’r8l'er‘ﬁ § a
f1oor; L0relicghérete Hutifg fhe RN freciuildieg.vi ew of a pre-fabricated modul e for
form ng a band beam Figure 8A is a section view of a panel

Another aspect the invention provides a pre-fabncated formwork module for a burldrng portlon
-the module mcludlng a form defining a substantially contlnuous boundary for. formlng concrete; .
15 and one or more relnforcmg bars fixed in posmon relatlve to the form for transport and to

reinforce the concrete.

" The pre-fabricated formwork module preferably "in'c:ludes. one or more projecting structures,
projecting from the boundary to project into the concrete and defining a supporting structure °

carrying a reinforcivng bar.

20 ‘In a further aspect there is provrded a pre-fabncated module for a wall; the module including; »
- two spaced forms each defining a respective boundary of a void for formmg concrete; at least
one of the forms lncludlng one or more prOJectlng structures pro;ectmg from the boundary into

, the void; wherexn at Ieast some of the projecting structures are connected to the other form to

tie the forms

25 The various aspects on the invention are comple'mentary. It will be appreciate that e_ach aspect

may incorporate features described in respect of one or more of the other aspects.

~ As used herein, except where the context requires otherwise, the term "comprise” and
yariations of the term, such as "comprising", "comprises” and "cornprised". are riot intended to
exclude further additives, components, integers or steps. ' '



Figure 8B is a perspective view of an assenbly of panels; Figure 9 is a
close up view of detail A fromfigure 8A Figure 10 is a close up

perspectiwe Mi@wrdE a portion of the building of figurepgiakhofil@bizge 11 is
a longitudinal cross section view of a floor; Figure 12 is a transverse

cross section.view of the floor of figure 11; Figure 13 is a | ongitudinal
cross section view of a band beam F| qre 14 is a transverse cross section
view of .t he beam of figure 13; Figure 15 is an expl oded view of a nodul e
for formng a building core; WD 2011/137496PCT/ AU2011/ 000525 11 Figure 16
i s a pl Brief/desgeripfion pthestiawingsf f i gure 15; Fi gure 17 is a plan view of

anot her nodule for formng a building core,; gure 18 is a close up. view of
det ai | Brefgmed eobasiments pf fharrseseghinventign d\r"bg%w @5 desehed oy eyt nondigiting

figure éféampﬁe Emgatw.@a rdfdrdnSe B tREBSRRPahYIRy MaRINgSfin @hRr tion of the buil di ng
of figure 1, Figure 20 is a close up perspective view of a- portion of a

modul e for form ng a building core; Figures 21 to 31 illustrate a series of
st eps i Figuke! Baerdpeytivelview dfarpantalik constudted Bulding; bui | di ng core according to
a further enbodi ment of- the present invention; Fi gures 32A through 32D
show a sequence of steps in formng a panel according to an 10 enbodi nment

of tHe ﬁrgesee?msanWemwgﬂhepafmlblcpn%ttUC?ﬁé)@ﬂdmg offigure 1, = .

' Figuré 3, is a perspective cut away view of -v'arious portion's of ihe bui_l_ding of ﬂgurés 1 and 2
Figure 4 is an exploded viéw of a'columvnv;
Figuré 5isa cross section Q_iew of'a’ cdlgm.n; :
Figure 6 is a persbective view of a pre-fab‘ri'catedrﬁodule for forming a ﬂoof;
1'0 . Figure 7 is a perspective view»,of a pre-fabrigated mddulé for_forrﬁing a band beam;
Figure 8A is a séctioﬁ view éf a panél;
' Figufe 8B is a perspeqiiVe \)iew 6f-aﬁ assembly'qf panels; - |
) | Fivgure 9s a close up view of detail A.frém figure 8A . ' “ . | - T
- Figure 10 is a clbse up persp.ectbive view Qf a por_tioh of the Suilding of ﬁgure 1;. ‘
15 Figure 11is a Io‘ngitudina‘l cross Secﬁon vfew o‘f a f_l.dor;- :
Figljré 12 is a transverse cross ;ectjon vier of.the floor of figure 11
f Figuré 13 is a longitudinal cross section view:of a band beam;
Figure 14 is é transverse cross se'ctio.rlm view qf the beam of ﬂgixre 13;

Figure 15 is an exploded view of a module for forming a building core;



Figure 33 illustrates one arrangenent of reinforcing steel in an
alternative corner arrangenent to that of Figures 21 to 31; Figures 34A to
34D il | uswoabe/f3eues steps in a process for assenbling ardTiAaratiioogs2s
vertically adjacent wall portions formed from formwrk nodul es according to
an enbodi rent of the 15 present invention; Figure 34E is an enl argenent of
detail 34E in figure 34A; Figure 35 shews a side view of the protecting
portion of a panel used in another enbodi nents of the present invention;
Figure 36 illustrates the panel of ‘Figure 35 carrying reinforcing bars; WO
2011/ 13Fig9sPieTs AR vievogdspmodyle of figyrea®38 i | | ustrates a section of a

f ormvor k modul e constructed in accordance with Figures 35 through 37;
Figure 39 illustrates a furth-her | terpative a}élel rofile, which is

parti cufgrre,1TsBaPkap ey of Angt Fhmf’%#%ﬁ’ﬁg"f_'a'”ma M"Y &8% n an enbodi ment of the
present invention; Figure 40 illustrates a further panel profile, sinmlar

to that Figur t el uires approximately 20% I ess
concr et E%I" eainﬁgﬁglogrgrﬁlggiéﬁ,e%gthe%Fglﬂfg urréeq§9 to forma slab; Figure 41 :
illustrates a portion of a nodule including nultiple panels of the type.

i 11 ustr glgafk 9B Ela@ist uff Qiewrdr abtal 18R of fguie 19,0SS seéction view of a portion of
a slab formed using the panels of Figure 40; 10 Figure 43 shows the detail

of a formwrk assenbly of two wall nodul es and a sl ab nodul e, according to
an erpodigimnig vfa ;iekspectivew'm/cof_ iarpoetiohiobte building of figure 1; and

Figure 20 is a close up perspective view of a portion of a module for forming a building cofe;

Figures 21 to 31 illustrate a series of steps in the assembly of a formwork modglé for'a building - -

_core according to a further embodiment of the preseht invention;

" ,‘Figures 32A through 32D show a sequence of steps in forming a pa'nel‘_.according to ah
10 embodiment of the present invention from a flat sheet; '

~ Figure 33 illustrates one érra‘ngement of reinforcing steel'in an alternative corner érrangement
to that of Figures 21 to 31, ' '

Figures 34A_tb 34D illustrate four steps in a process for_assemblihg and Iocating verﬁc’ally '
adjacent wall portions formed from formwork modules according to an embodiment of the
15 present invention; ’

: Figure 34E is an enlargement of detail 34E in figure 34A;

Figure 35 shows a side view of the protecting portion of a panel used in another embodiments

- of the present invention;
Figure 36 illustrates the panel of Figure 35 carrying reihfo_rcing bars;

20 Figures 37A through 37F illustrate in more detail a process for forming a formwork module using

the panels illustrated in Figures 35 and 36;



Figure 44 illustrates a series of panels prior to being formed into
formvork nodul es nade in accordance w th anot her enbodi nent of the present
i nventi onyoRhpumewd5 il lustrates an end view of the panekcs/aaf2ofiiogoszs 44;
and 15 Figure 46 illustrates a perspective view of part of the conpleted
formwork nodul e of figures 44 and 45. Detail ed description of the

enbodi nents Figure 1 shows a partiallyzconstructed building 1. The buil ding

will ultimately include several storeys, but in figure 1 only two are
shown. In figure 1 the structure of th artial, Quilding 1 2 onsi-sts of a
o1 ur ai | Fputsr Flirptes s soatePhaaumisk mecuRpeyirtsa e afcniiare 1t ERfiEs 35

f or mvor kyr&dghszt ure carrying concrete reinforcing bars to strengthen the
concrete once it is poured. In figure 1 the concrete is not shown. The
structure of the building illustrated in Figure 1 i's assenbled on site, on
sui t abl Eigureud@ dustontes atfhrther mitgrnativecranst pratite cwhighiih garicyary suited et ¥Red6I ogy
to the ' P » ! Ily) froma plurality of.
pre-fab%g‘?éﬁ‘@gﬁ‘&ﬂé&%ﬁ@fﬁh@ﬁ%‘g@%% F@Qg below. WO-

2011/ 137496PCT/ AU2011/ 000525 13 The building 1 includes various buil ding

ligr t ig;w@whwﬁhg&éé @_mzrﬂheﬁpadéearrmiegsimm tonma b Figued BS ekcepmdha itc:_a-qmireallozor e
. snown 1N e t or 1 S. hade, ‘0 cor ortions
and 10B3PREXi(Tately. 492# [?8%8?“"[)83%&3?&? ¥R §Vneﬁg?fﬁ€%§.g%¥o\§ﬁ6n Bé%&pport ions 4.

have a similar construction. "As best illustrated in figure 3 the floor

porti On‘?—'igi\reaﬂg il@&%é’gr hBﬂsqrf]% #«P&ﬁé Meludfi§ i@ phhdiObr It Rudted'he beam
portions are. deeper than.the tloor portions and project Some distance

bel ow t f@ueméer si de of the adjacent floor portions 2 to structurally.
support the floor 2 and other .portions of the building. In this exanple
beam portions_ extend around t ter ch s%ore | di ng

i f f the i
e oo Pl 7 6 o s g e o o Sen Hrped Sng Al b de 4 | Yo

core 10. The floors 2 are fornmed froma plurality of pre-fabricated floor

nod S rr i A L i » ‘ Mgl Ve Qans 4
ar eu#(gr rerqu b ?%%Rgggpp%r%??"t g%ggorﬁ?é%fagﬁﬁ%%g) feg%béglgnmr?%gél ggﬁ (l? osrlébgggglﬁ%i ng to
beam poractasding 1 an grobaglivaent ghibe pisentjyepiadis 10A and 10B are formed of
separate pre-fabricated formwrk nodules and are separated by a beam nodul e
4. The 15 columms e.g. 6A to 6C are also.fornmed fromindividual :

o7 e f abriwus BT PicSERIG] RO ATER R e M Frapel e gpee £ (he
ext er nalacpsgartetnith anothehenbilivhent 6 thopresere frivastddinby t he out er edges of the
beam nodul es, includes an upstanding-edging to contain concrete within the
formwrk. Concrete can be poured into the formwrk created by the assenbly
of the riighu¢ &5 ilusiratescantandiview of thearangls of igug 44 @deach fl oor. The-concrete
can be poured into the whole floor at . v T - S

‘15 Figure 46 illustrates a perspective view of part of the completed formwork module of figures 44 .

and 45.

Detailed descripﬁon of the embodiments -

h ‘Figure 1 shows a partially constructed building 1. The building will ultimately include several .
storeys; but in figure 1 only two are shown. In figure 1 the stfuc{ure of the partial building 1

20 consists of a plurality of pre-fabricated modules -assembled to define an external formwork
structure carrying concrete reinforcing. bars to strengtheh the concrete once it is pbure'd. In

~ figure 1 the concrete is ﬁot shown. The structure of the building illustrated in Figure 1 is
ésSembled on site, on suitable foundations (that may be constructed using a similar
methodology to the upper storeys illustrated or'co_nventionally) frdr_n a plurality of.'preffabricated

25 formwork modules as described below.



20 once or in a plurality of sections. The process for constructing a
portion of a building of this type runs generally as follows: 1.

Pr e- f abr iwet2e1frswor k nodul es that are needed for the lpariaizog/oodd2e
formmrk nmodules will typically include all or a majority of the concrete
reinforcing menbers needed for the conpleted construction pre-located in
them Ducting to carry other el ementsi3e.g. post 25 tensioning tendons etc.
that need to extend through or along the fi naI concrete formare preferably

pre-ins re-fahr atedforrrwo ttings
t hat " ex{r@%b E’ngc;dﬁﬂuqq% af'?‘ﬁt}?u'@%g?%‘fns ey fglr?)gsu%ﬁ%%m ré#g“%%ss %ar"ge? cgd
in the bod aveitkl covelDess shownirgfiguent trectore H) is made upz:ftwvrc@m;mqnsﬂﬁé amgdm es
to the ?b For efficiency, delivery will preferably take place in 30 the
order of %Pnstallation. WO 2011/ 137496PCT/ AU2011/ 000525 14 3. Pl ace the
formwork modul es on-site to construct the required formwrk structure.

I nstall ag '\AF?IPbéTBé!schSéHJ'tlﬁeeﬂ&ﬁ’fﬁ%rtabﬁm%rnafb)éarﬁr;%ﬂl@hﬁg Héﬁ/e faQirfine? s nstRdre R\s - 4
Connect formwrk nodul es_to nei ghbourin Connﬁctlons

oo o - Redldisgatse | aiae 4t NS ROPieHt 1ofnc, BrAra B ohe iR b SR8 b
al t er naiyyRe2ANahe BEAH rpbﬂlgn54 ARsltdepsr ham trtemo@opesmguraﬂ drajedtrsbmel disténce

ff tl d I
our ed. oAewipg s dhScbe ARceL o kpioRt Al SR sBirfling Bod SR o b
per manepbitigns afttheltnm«ﬂmgj lbyhna egample maemspopimsextehd @mmdeh@peﬂﬁ'nete)onﬁwwh
reinforg coahe ‘éuffo“r‘ ad%ﬁt'{o%l rale] 6 ég 4 mr:ﬁ?%&ﬂ adgRdipkes 1 f

reqU|rea our ncre I'nto the assenb el ther section by
sectiloncore for an entire floor at a ti me; and finish concrete as required;
7.After sufficient curi ng of the concrete, renove tenporary props. As Wi Il

be appreciated other steps in the constr i | di - .
genePg| IThe dgprs éntredpraned @,plurahty of pretfab%(c:et\teg qocﬁ'fmc?duPe%Iclo(rereQ&nmnlg Ito- oot I_ na

portions 2.1 to 2.9. Slmllarly the beams 4 are formed from a plurality of .pre-fabricated beam
‘modules corresponding to beam portions 4.1 to 4.4. The core portions 10A and 10B are forrned
of separate pre-fabncated formwork modules and are separated by a beam modu|e 4, The
15 columns e.g. 6A to 6C are also formed from individual pre-fabncated formwork modules.
Although not |Ilustrated in figure 1, the external perlmeter or the whole floor, defi ned by the outer
edges of the beam modules, includes an upstanding edging to contain concrete within the
formwork. Concrete can be poured into the formwork created by the assembly of the modu|es_ :
, to create the final structure of each floor. The concrete can be poured into the whole ﬂoor at

20 once orin a plurality of sections.
'Thé'p_rocess for constructing a pcrtion of a building of this type runs.generally as follows: \

1. Pre-fabricate formwork modules that are needed for the.b.uildin’g. The formwork modules

will typically include all or a majority of the concrete reinforcing members needed for the

) completed construction pre-located in them. Ducting to carry otHer elements, e.g. post
25 .ténsioning' tendons etc. that need to extend through or along the final concrete form are
preferably pre-instalied in the pre-fabricated formwork modules. Apertures or fittings that extend
‘through the final concrete forms are also pr_eferably‘ pre-placed in the fo'rm'wcrk modules during

manufacture.

2. Transport the moddles‘ to the site. For efficiency, delivery will preferably take place in

30 _the order of installation.



15 In the exanple of the building of figure 1, after fabricating the
formmork nodules for the Iower floor they can be assenbled on-site. This
begi ns bywplapenens of nodul es for the | ower band beanspéTavudoomoers10.

Fl oor formmork nmodules 2.1 to 2.9 are | aid between the band beans to finish
the floor formwrk. Concrete for at |east the floor slab can then be
poured. Lower colum nodules 6 may thegg be installed. It may be

advant ageous to al so pour the colums and core of 20 the |ower |evel at
this point or Wait until the upper f. r-slab is poured e core
and col dm- f BRRTIPK f%(f‘t”‘@élﬂWH% |%{‘cﬂée ﬁ’e"%%?ﬁadbi‘ﬁ AU m""?’r@‘du‘ﬂé&‘}’%f t he
fl oor ahmMamsnemaetuirdsoniestdmpbrarygroppinge Semmwark meddespr oppi ng from bel ow
during curing of the concrete. The floor formwrk nodul es can be placed

bet ween the beanms to complete the floor formwrk for the upper floor. The
floor fdrmioEknestfoanworkmeeduleseamneichbgurine dpgsiules. If eguiceshcFeInections @Rl b

poured i GW@eHPﬁgeBQI i BF ofHeF TWRdble AREh L FasEingMARerAs ey ONefaHbBHAREOT k

Thi s process ‘can continue to create addjti onal

2011/51 3 TapgigleETAMDE GONflay g0 dntaripek ﬁufacwwet'aamtaneea.apeewvgfrestennglrupato ity of

panel s %‘f}n&éttead'éﬂtgt ﬁ&iﬂ&'y Wss\@ih}betdés&rib%ﬂ tdiairs padded atengsignte agsepatBte tdben | |
be described the s 14 si cent _each, nei ghbouring panel to present
a subst REtmanenty 'E@FP%?HQYJ? CBBQEWB'é%@"aFSPf?OSFﬁ%g conecrete, i.e. there are no
S|gn|f|cant hol es or gaps through whi ch concrete may escape.. In this .
enbodi et t i, RANEL ARG LOVEEE SIGITLE Gl LRHERL BohUEN LGS HaBLick T the
vicinit B hé nerghbouring panel's are connecte be
descri_bedqmrhé_ m)dul e 12 is left in place to forma pernanent part of the
bui l di ng structure. It is contenplated t hat the panels 14 nlght be formed
of the thicker material to stren n th nt structure n
pref @ r & foPRYr sHErels intq r?st?ﬁ't“glﬁg‘? el?g cf’ﬁ‘f ion; by ?geé:ﬁ%'} g7 foy aglemlf ar to
t he pangioorgtsaimy; yndfsst ¢dnectd a5 BGTiredl 2011/ 000298. 'However t hi s 10
structure is nodified to facilitate the flow of concrete and to support and
| ocate reinforcing steel within the nodule. The panels can be forned using
any sui t7abl e Aftecsuificignbeuriag gf the gpncrete TRINAYE teFPRSEY RIGPS-bendi ng or. noul di ng
etc. Moreover the panel s could be initially forned so as to have the

defl ected shape, y noul di ng or extru orned initjally
From pl daiinbs appraRatERaner s O B8 SGRRERP BeAcu gy sifr e Berhebid
shape, eofveritibnd nfahaers brake or rol |l form ng operatl on. In this enbodi nent
the panel 14 is roll formed to i ncl ude .a pl anar boundary portion 18 and a
proj ecting structure 16. The projecting structure 16 runs al ong one of the
| ong18dde tpoexamntes olothe thidinsnefdigureal, aftar fahidcating thePEVaUe AIFEes fob thealRWET | s

pl aced %PthTeZ%n b @sRnIRCSH-818. Sﬁﬁélségtﬁs%yjfﬁao@ﬁ@htemrﬁodul&%rtthe IcwPB&RS €.
Each projectihg structure 16 includes vert r pendi uI ar.to 20

t he bourREEMF 414 GO5RF %)F'%@@dﬁmé??%u%bt%%ﬁﬁ'%@ bﬁt‘ﬁ?ﬁ g F?'Bﬂ“‘ls to

ishorT Ih Zoﬂr?]'ﬁsw thé hc?ﬂf%’tmmm lmgﬁbﬁaopmawftnengoamwcémoen bédpouved. hdwerycopmrt | |C on
e orizo a e ermnates,i n a

The 11 aroes Siay Mer BRAie0: bata) kB A kiaRoft BHte nefioHBFBuiat fhdtdie b0

boundar ythe wwer Enel 8 thisydini dewaiBursti' ttfefl.@nerrfgorrslajslszcunednnl ng al ong the I engt h

of the .panel 14. 25 Each rib 20, in this enbodinent, is a shallow
depression (i.e. deformation toward the concrete side of -the e anel

about 50@mriaR efdhergora 9ne colomprermwirk atreadys i Rigce ihe Band brampigrmawqri; madyles P? ffen
t hel bgumﬂarﬂuorpwowt; are dekt ﬁi&dnté@&teiéti 'ﬂfedfrmavgteed pr'Bbﬂn@mimd&(quw @oingicarngl 8 I

i ncludes a presenta n surface on e.non,c Sl pane
14. 1n t%itke eSS r@ﬁ?b?rﬁ%mmoé'%@ﬁ Eiaksii) bseLHJacggge% %Eetf émét?\g/%’t‘é}e Itaet “and
onl y ‘i nclided @srmadriT¥diGthe dpper fromt.i 'diesflodn fordmavdrio mmay odisd heedstﬁmnoraryg(pawe‘s
asso%at Sgnc%tg hcaw}ﬁen Ibleoaspoug‘)ed into the upper floor formwork and lower columns and core

formwork. This process can continue to create additional levels.

~The constructlon of an exemplary floor module 12 is illustrated in figures 6, 8A, 8B and 9. Each : '
module 12 includes a plurallty of, in this case a pair of, transversely spaced beams 28 extending
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i ncl udes an engagenent region 22 that extends along the |length of the panel
14 and i swbaoatsdosnmedi at el y adj acent to the projecti ngcstauzctines2i6. The
engagenment region 22 is recessed by about 2mm The recess is about 50mm

wi de and is adapted to receive a corresponding length tail portion 24 of a
| i ke adjacent panel. Using such a 5 stpucture, when a plurality of simlar
panel s ‘are overl apped such that the tail of one lies ih the . engagenent
regi on of another, presentation surfaces. 18A of

subst antf al'P@B"&ﬁ'ﬂg'nd"eﬁt'%rf’eIp'”é%@’e%P?"%1ﬁa"xﬁer'l‘§ YWéﬂsgﬁﬁ%lsga’MheaFP%Cﬁged in

thi s rapa@eeh bedrhd DS tAALIR e dBsdribedithe p%Bels\Mtshlanjabm easiseeigbpudif patiehtoent -
panels 14 are c

d.
by spot PIEsPth acERB Setruels Datieit of ame opbbid Spabeis i3l a8 g
10 It whbles bEQmispthemgam@htchad;retehea)pemabs Irlmmémbmﬂamgbemal}eleiﬁetfgwdher
t | di
FLlez%guFr]gﬁcra f 6, %g:ig\éﬁ/aﬁgmgepﬁetﬁg Vit t}' QF 1 B4Hnh #5& aAquég%ﬁﬁﬁg?P%lpwe Ing

can recef ve various surface treatnents as
r equi r edonriBatedpAojMilicee drgceteditbe aroduledl 29 lafidn iplasa teforna pemenent preof thepurlin

I nt egr albhz}ﬁlrfgoétﬂ}é@ré/\‘lttlg' cBrh@mBlQ@@ltha"t%é Ban%tsrﬁnrgfghﬁﬁb fohRed8MnRé tid@H ﬁh%fen?ﬁnd' ng

about an axis ngt .e. about an 15 axis parallel to
the | endr W%‘Btflehéhmﬂi'laeeniZVqufﬁe'"G‘aWéiegeiiPmaWB %@ba%aé%m‘”% mqdylle

ther ef Orsegér?é'rﬁfy' Al tattharpanésrhstsahsxy CHeE@iHeU an. Pcmzmoxoeozgmmowewcmw e 16
is ideally |nen5|? es sufficie

t
panel® 6“&'%‘&? i%,MEgHES fﬂc"ﬁﬁtﬁﬁh%ﬁ%?f ‘}r)?”FrﬁLe TSP SURROT: 3N '?ﬁf?}e et JC'E%ﬁteBe sel f
suppor t iwrgin tiReingdméng to figure 6, within the nodule 12 the pair of "’
| ongi tudi nal beans 28 carries the free 20 ends of the panels 14. The beans
24 are fornmed of L-shaped section (i.e. in cross section the beam has a
pai r of Thempeelsicaubaforaedpying enesuiteblededhnistang g ra-feEming deressings bepdindyeinel s

14 to prn%\ﬁ!] &HW&EBVHW ;Ba%tﬂstclbﬁld%hﬁﬁal@rfﬂﬁr% RAHsho hedMnBIdefiskdSsHapuar dl y
to about .t he sa el g (1.e. :H%ectlonlnth(? concrete dll‘ectltﬁ?% as the

proj ect ierly BY rmLRé‘ﬂqj?ge 01[69"""?1’1@9 beamay28e faimesh iftially from Phanar MRl Fgt hen
t he T@d%h@séa)deﬁt@%eﬁtttbI?&mhﬁéldéﬂa:@tealgﬁaﬁe 81. A% (RredsDHraketsolfomting opdrationmodul e
and provide an edge to formconcrete, as will be described in nore detail

bel ow. Figures 11 and 12 are cross section views of a floor 2 incorporating
t he noduh éhid @maodimentrtbe earel 34.is Tilformadi tarinclusie arpldodrepoundary ipadion 48 eadian

h f
these lpgoﬁgecg,ﬁgggga%@ceﬁg Z’F‘% deé;@tu{sge;fﬁﬂ:m?hhi@gns BRAG ol b ﬂq%dgwge%%ﬁ.oﬁs éﬁrl es

of apertu (? . across
Each apdhe pane! 30 I@taheraSé@nlae wg@eﬁhwnﬁbﬁ RieePE U ﬂnﬁéﬁhe@medﬁ'ﬁ@éf”?flﬂ@‘

posi ti onatd Mo thechncret@nEédhfpro@éhn Graétlies ikdIidesTa Jertical (e férpkndicalaito t he
| ocati on of the reinforcina ba 30A
20  the boundary portion 18) web 16A extendlng from the boundary portlon 18 to. a horizontal flange
- portion 16B projecting away fr_om the boundary por’uon 18. The horizontal flange 16B terminates
in a short downward return 16C. The flange16B and return 16C together constitute a hook

formation.

Thé‘ boundary portion 18 includés 3 stiffening ribs 20 running along the length of the pénel 14.
25 Each rib 20, in this embodiment, is a shallow depression (i.e. deformation toward the concrete
side of the panel 14) about 50mm wide by about 2mm deep. The staffenmg ribs 20 serve: to

] stiffen the boundary portlon 18 and res:sts drumming.

The boundary portion 18 includes a presentatlon surface 18A on the non concrete side of the
panel 14. In this embodiment the presentatlon surface 18A is relatlvely flat and only includes
30 - minor. deformations in the form of the small recesses associated with the ribs 20.



WO 2011/ 137496PCT/ AU2011/ 000525 17 wthin the concrete 34. As illustrated,
within the floor 2 the apertures 30 are positioned | ow down on the web 16A
so that tWwe wmainkesci ng bars 30A are carried towards thechaihei@hsthe
concrete 34 to resit tensile forces associated wth a weight carried on the
floor 2. A series of concrete flow apertures 32 are arranged along the

| ength of the web 16A. In this 5 enbodinment the concrete flow apertures 32
are spaced at the same pitch as the apertures 30 and are inter-|eaved
therewith. The apertures 32 each, have a triangul-ar formthe apex of which
i s downwarmebtyshdivn érc figuote 9Ake parmsh 18 lirelugipe et @ngagesEnhregionedZathatextands alangwer
ther eby, eeng%tn%E)meT;ﬁan@p’f@Er\cﬁ,s lb%té$ﬁnnh%é| QQ)EEérQ@étHéfprlea@thruét@& phout,

the aperture concrete flow apertures are relatively large to .
perm t WBe eogagemenieregion 2P Mepmﬁ@tbhlabﬂl@ﬁ%dr hedesass i @%65%’ﬁt"f"1’ﬂrﬁﬂ%‘sphase

of soli gd&;&é@fo@%@a%@or%ﬁ%n&%h bh%oﬁi@ﬂ@ﬁ%? 8 liké Q&]/aééh%édéﬂ &5singZugh bow

stress to be transmtted between portions of conc @ througﬂ t he web
16A &nd stivateds whesor PIUEHtYSH sirpler ﬁ?faﬂ'%e&emsf'%f’rpfeﬁét'%n a&%‘et*ﬂ' R &4 by a
CO“E ' nueli%agéhéﬁﬁregﬂ‘onQmaﬁdt@érethbtbrésah@fdrogjﬁabéwwoafqnetpsnmdrustmtuqmycqngmt i ng
portion

The hori_zont al rtions. 1 re 11
and t he ARF3R! ‘?%?'ﬁﬁlﬁ’lzgg‘év"ﬁ%ﬁ’reﬁ%% 4t?'|'éan9 ﬁ? TSHFT G lf‘g{r% & %Ntiance
15 the W@ﬂgﬁrﬁﬁﬁéerﬁlﬁlyQb@dfﬂc@]lteiahelag4§re monnﬂcedltﬁ aach thrtehend:d)ﬁldrletr@atslé | t
shciuld al so.be noted th i.0f.or Ot panel s
Ve i nt dPREteR: e R eRing S 86 KoRgfebah A ol haras B8 P
projecting structures, rather than (or additional to) being retained in

aper{dir sy, Iocfe”%rééﬁé@'tﬂet the panefsS 1528 tﬁéegékeﬂfbﬁﬁ:% h@@tﬁeh@réé@ﬁieérs afacwk the

floor 2 presents a reasonably attractive 20 entation surface

f or mi ng cCAMEWN|AreRgniREeN aJria@wérl arqoppetes b‘f"ﬂ@% 197G .caq "?‘Fgﬁﬁﬂseori?’elw?

pr e- f abhbfdis@difade tRoatrhéntéT@dnehairddur ed at a rranuf acturl ng facility and is
transportable to the site of the building. In this enbodi nent the
reinforcing bars 30A are fixed relative to the panels 14 for transport by
Vi rtue dhetphsedting stuictute 6 of equbipanel 94 castitultse byt inteoealy Somed withilgurangm per

si de | arger s{rgﬁqmemﬁ Sﬁrﬁe‘i’s gbﬁdﬂa& ouPhn 5ﬂ§tr5r%v@ﬂcs@rt&lt§‘ﬁn§lﬁr(l & @Pout\Whi | St

this 25 would ed as a rather |oose fi virtue of the
r oug‘n5 t exisuragaleltatthg l@n@f\ of ﬁierm%i“éﬁ h'%j e PsLs t4nand B'Ieeﬁsé?fﬂ'& 26rs tthegefore

strai ghtgegaziy é%ﬁﬁ' lrﬁthrsedu@f:thC‘rHQpr*éf&:tlr@‘é]%@Ee ¥é Ishdeauy lerﬂineloﬁélﬁﬁdourtlgm it30
en

along the length o is f a suffic

fixati orPr?)’éqe\ﬁééﬁc'?We‘"S%tE t%‘bﬁpé?ﬁ!ls? ﬂ*@t%%@m&f%’@fwﬁ INGRRIFES 15 R3B%he

t r ansporiuadn®8 sslf gppditing. an accept abl e degree of novenent of the bars 30A
I f slippage of the reinforcing bar is excessive 30 they can be tied to one
or nore of the projecting. portions 16 of the panels using wire, in the
manner iRetwvhing Ho figuraféo mithindhé modulari@ the neie et [opaitidingl beasp g%c’t‘ff‘%ffhesftﬂ?n bars

20u 1785 AR BLHP RO 17Dl A e el oL e R e e ?ﬁ&?% ‘{E\é@bar :

30A and keam haser paif efspemrpndicylar argisy ddne0tegRR PR 'S By HRderlies the, gane Fci ng

bars 304 &Nide $uppat QMilstkthdmdthér dineof @etmbeanabmregtstdwardu @ngoly, the baye aeight
restrained a ai nst -buckl | ulrgder conpression. As

such t hdi% ?‘ﬁ'P%g‘ 6°‘?’?§fﬁ 'éeci%ﬁaflt r@Sﬁ%‘ﬁﬁHﬁ“'ﬁ datures associated with

prior art rel nforci ng structures.
The beams 28 perform a dual role. They strengthen the module by resrstmg bending about an
25 axis transverse to the module and prowde,an edge to form concrete, as will be described in
mvore' detail below. Figures 11 and 12 are cross- section _'views of a floor 2 ineorpbrayting‘ the
module 12 and concrete 34. The variant of module 12 illustrated in these figures does not

include returns 16C.

" Each web 16A includes a serles of apertures 30 spaced along its length (| e. across the module
30 -12). Each aperture 30 carnes a respective reinforcing bar '30A. Thus the position of the

anartirae 20 Af tha nrniectinn etmichire 1R dictates the location of the reinforcina bars 30A°



5 The floor 2 is forned by supplying the nodule 12, including its panels
14, bars 30A and beans 28 to the building site as a pre-assenbled unit.
The nodulwolBiis7pbaced in situ. For |arger spans, suchpas/aubhiooibe
building 1 of figure 1, further structural supports m ght be provided to
the nodule 12.. By way of exanple one or nore struts or props m ght be

pl aced between an-underside of the nod@le, 12 and the floor below to
tenporarily support the mpodule 12. The end 10 portlons of nodule 12 nlght
be capped by a separate piece of formwrk e descriped m

cooper amdhipjthercanaistardt AsdlusFRedk %Hdt‘%f'°°fﬁéhec%9?8P?Fe°’o aée P‘??éﬁ”f)%'ﬁ?”étﬂ’wf‘nt )

the mody},eneled %Ais&lﬁtat the&élﬁl%ﬂh@tba@lﬁweéretcbai&dttdiwarhﬂhg wotterh of the con@pect i ng
structures 16 so that the su H;"rar‘ﬁ 2A ofh nlb g concrete is desirably
unbl eni SA&YIBH SPYEdRTPHESPYR RaxE® E%a"t' " PREYE nf or ci ng bars have
the required coverage for durability. In this enbodi nent the projecting 15
structures 16 are’ 4 i 1 deep
S Vet et sh e e AR S8 Aol AARSHE ohgihrihe HROLon RE

bel o t tembsdmfeattheszncrete flaml apebereaéamsmced at W&tsam@'t%ﬁélthes%ﬂe&éﬁr@s of

preferredy ?é?er e Té%v@c{ thtereevlt rﬁdeﬂﬁ'reg @Q eh& h‘av@ &Fr%&@r KOHR tRE 'a?e)@d?%'ﬁcht he

concrete. ki'n can be relatively inperneab and t hereby
help to ngwwaa@jaﬁmqteohégrsaetmecﬁweweﬁ e afeoreiEtivgle "%Nféfreft“?eﬁ%by IPBNERG R e,

by 1 eduGhAigiatGh the IR Portdhs Qm 1 weBi iauAsbut ltﬁe) abé‘r&rréwaﬂr'eﬁee codktrﬂé i
advantage 1s that the netal skin can. reve‘gt ég e | 0s
S

concr et @PET¢ES AR Calativelye laEas: foRETY WET G-l ée&‘wﬂt ae@ﬁ]% rfgt"b a
strupd Urc@ﬁtmuEb@ pbés%nbfnmddlloen&éte wafenf euged. €rhis itise sonwétarﬂotvmrterterefsIﬁoatlowodul e
12, howeye t, has di. r ent i h
It's pr 8%% O LY tﬁjre%egwefé‘ poﬁo@\%so(?%é\,é{&? Rlagwhpo%gggﬁ% h’gé\)qté}hc?gg o tahe

f1 oor mpdttios. of Ithe tphijectiegristrditurentt tohlee praiicledtlivng cgntm@wmpeaSEmf w@neretgotout -
300mm dzrgt é%cﬁ‘sth{@&tc#tel Héttr(eaérgjgcqng Jo'rt%'r\rﬁs TI1r§ h@rr%ntjaﬂﬂarﬁ@ PoRRAE 968 of kiRwW

aper tur ormo |ve% hexagonal agertur es spaced
al ong t tveriandmyFiguest 1% ansl the hodkdfarmatings #38 16¢ ”I?a‘ta” & fighra 8ASipO eé‘rhén‘gepaced

al ongs bapdehpReMmemt Yl trleO;%Jrecch@rstru&Or% 1@fwnthhﬁ'e vEHrelé 84 .1t shoaldl amaese ridddthar ci ng
bar apertures carry rerntorclihn as the aertures 30

of the 38in{Rsgng Ha'atﬂae beT'H%“'ﬁ?ﬁ’pg’r F&aﬁ?'ﬁr’@l 'Hﬁ'@%atgﬂé‘?’?ettﬂsesm‘ﬂ gM33*Carry
rei nf or Gegted BAd fetaiéd eMthareojedtiag siredures) rather thpp eur agititiatahta) being metaieeaint o
resist at nS| n i n th| s region. WD 2011/ 137496PCT/ AU2011/ 000525 19 Unl i ke
the L st?a?ﬁg g rd'? the floor nodule 12, the beam nodul e 12' incl udes
nor e conplex "Z- shaped” beans 28" running along each of its sides. Each

beam 28’ xJ pgk utgéze% @ékc'rrbéd"%%n@@ékleo& el Adyres ;br@séhtss'an}éa%&n:ib@slattﬁa&tl\ﬁeo t he
L shape eans , | so includes a hori zont al PIgg-:e portion 28A" .which

pr oj & t§f®‘iﬁ"\tﬁé'%lﬁ‘§"fa(9ﬁ1§4"tf‘rt%‘rngsq‘ifé‘"%f”tat‘l‘é”eﬁﬂaﬂloéthf?u"d' e 5 horizontal -
fl anges 28A' are arranged at a hei ght sonmewhat bel ow t he upper extent of

Lhe P oL 5! it L5 Wi BndSine, 004 ROBRUAR s SoRBIM el b

. ‘transportable to the site of. the building. In this embodiment the reinforcing bars 3OA are fixed

relative to the panels 14 for transport by virtue of the flt wrth the apertures 30. The apertures 30

. are about 1mm per side larger than the external diameter of the remforcrng bar 30A. Whilst this

25 'would usually be regarded as a rather loose fit, by virtue of the rough textured nature of
| reinforcing bar and the tolerances on its straightness, when a reinforcing bar engages with
multiple apertures 30 along the length of the module 12 there is found to be a sufficient fixation -
between the bars 30A and the panels 14 for the module 12 to be transported on site with an

acceptable degree of movement of the bars 30A. If slippage of the reinforcing bar is excessive

30 they can be tied to one or more of the projecting portions 16 of the panels _usmg wire, in the

mannerin which reinforcing bars are conventionally tied to other such bars or ligatures. Other

bar fastening structures are also cdntemplated.



In use a floor nodule 12 may be arranged in a direction transverse to the
beam Module 12' with its end seated upon one of the flanges 28A". As such

t he open wonoreBesecei ving area of the 10 fl oor nodul ept2/sapenmoosnso the
open concrete receiving area of the beamnodule 12'. Wen filled with wet
concrete the concrete is able to flow between the nodules to forma
continuous concrete phase. The rel atiyg heights of projecting structures 16
and 16" and the flanges 28’ is sel ected so that the upper extent of the
projecting structure 16 and i s at about the sane hei ght when installed
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to e seen eac th
1 oor nisclrpess 35058 BHEa plBreY FEERAPSeETen S Ret A6 56 thergperys '
suppor t 80l repiact thstinod cdnsemingfigatires hbsucipesl v’ priof art feinfireiagstnantivees 12" in the
manner descri bed above Figures 15 to 20 |IIustrate exenpl ary nodul es for
forming the core of a building. 20 Figure 15 illustrates the general

cons®r udhe feprdfis farmed by supphing tbe motlhie 1Zpinglldiag 8% Panely 1 &3rsa3PA anddreamsr mwor k
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t ubul ar- vol (see figure bet ween them for receivi ngwconcrete When

filled @PaNS wﬁaseff*@mtth% bwis’m of figyrenk flé{‘ﬂ%ﬁtw&ffa'vrfapwm RegHetdadPes a
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correspo i.n ev defin burldrn 's
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vertica hat
verL i cabhyordd SAdiRCoGRrNeR ARG ALHRRUOR blodtihd chRuaRRIRCALSrrEnal
20 Fi gureinfeming| bais have Be repwregetonerage &r quigbiifal'p this embeisept therRioirgidl e 36

and fWstiiRire§ Q8¢ Q&I NOOma h@h &R ey conEha@e BANi$ laB(BlJt 38omAcdespes Bapmer Of
opposed panel asse

e m for receivin
concret épperﬁétem?I,“é%?f?lﬁ&@ﬁfﬂgt‘ﬁﬁgé °”to$d"f'ﬁ86'8‘é{ “gré%"e?f%l ies 26' proj egt
into the void 40. In this enbodi nent- each projecti ng structure 16"
proj ect ] ' in
o015 IRRE Pl ik B8 AR AN R ERRIRNAT, Bl 19
st r uct upedectiee skin @bewrth%@?@ﬂe@o |e@éﬁ'°@j§'héhe $kin eanebe Friatyalidnprergsabiplands 26

to resigle gaytmr J{Uékgbé‘ﬂns%é'&@@ati% of iR aaﬁerg!atom tifiB! fo SRRTPRL, By Weduing t he

voi d_40. best | ustrat ed figure 18 pro jectin structures 16
may 4% é’aﬁmﬁ%‘t%féﬁpwft Roslee ey thsr C%.‘Crféﬁ c“trPB‘eﬁédYaﬁ‘ 39RdS it o metal siifyfaa
ext r udegrévehtRbisRfe REDFAKI Y cbiistett &ind raducka figeshribidge Mmbllyeassesiated ithe
proj ecti n'gcégttrﬁcttur es 16"A'. dip 42 may engage with one or both of the
f1 anges 2 U¢'¥E%rns 16C'. A range of other forns of connection are
possible. It is also contenpl ated that the extent of proj ection of the

proj.ect g &Eﬁ“ﬁ&&ﬁl@% ‘B‘ftf%uFé1f u&@ﬂﬁl&ﬁi&th@ﬁlo@ﬁ%d&é 12hRoRARE It r?a%scﬁr'?é?&?ﬁtes 26’
coul d. vary, ementary variation in the
dimensions to provide addltlonal strength. lts projecting structures 16’ are somewhat deeper

25 than those of the floor module. In this embodiment the pro;ectrng structure 16’ are about 300mm
deep As best illustrated in f' igures 13 and 14 the concrete flow apertures 32 take the-form of
relatlvely large hexagonal apertures spaced along the length of the web 16A Rernforcrng bar

| -apertures 30" are spaced along both upper and lower portions of the web 16A’. The lower
- reinforcing-bar apertures carry rernforcrng bars in the same manner as the apertures 30 of the
30 wall module. The upper relnforcrng bar apertures also 30’ carry rernforcrng bars ‘which are . '

located in the upper strata of concrete to resist a tension in this regron



15 correspondi ng di mension of its paired projection 16", so that the
relative | ocation of the connection between the paired projecting
struct ur ewok6i/mavses frompair to pair. In this way weeakmaages/meReci at ed
with the connection do not align along the Iength of the wall. As in the
previ ous -enbodi ments the projecting structures of one or both wall
structures formng the core nodul e cagghave apertures for carrying
reinforcing bars. 20 Figure 18 also illustrates vertical L shaped beans 48A

and 48B, also referred to as corner angles, connecting the panel assenblies
26' of thikeithedr sifapeshbeans 28Pf e Beorfopduessd the SsamtMINS, T2 Angjudes mere

1 1ustr %rﬁﬁeﬁ P & Béa‘%né %frngeﬂoﬁg%m lts §|HééJCEfaHIH @e&ﬂ 2BOlincudeOBR L

portion O Inthis case t nmodul e gg % 0 _construct a
Stai r wehdped @ogion aagaed inca BEVApESTAR e dashaped beams AISP J1YYI8S Phe
out er t HowdoAtal Al (%;'écﬁdﬁidﬁ ZQAGMEQF\QW@MI% batKNath/ brlﬂextrwrs&ienﬁdué enodbleof2’. Tfhegur e
16, the nodul e 5

i ncludes intern se, wal | r med
as pz?rt hefizoplat flanges +fudre arrarr':ge'qa% %g',aig tt)?/?rag'g‘ag;z?e O‘B’Vaﬁ'g gﬁé&teﬂ{ ?f r?%dul es.
In eit h9fo;é‘cﬁﬁ§33ttd¢ﬁ1ré@TMfeklaﬁgHﬁmﬂeadirsmhterstmmm cogoperakid with angithedewmdule
conpl em&*ntasyt gil pﬁnel assenblies 26' tied to each other in sone
fashi on, “%‘ga Bg %%ﬁrhoéj(‘f g respective pairs of projecting structures in the
30 manner described above. WO 2011/137496PCT/ AU2011/ 000525 21 Stand al one
wal | f Ofww&dds?%he@ 17y e éTPa)ﬁgéH% d d?r%@t\‘dmfaﬁ%@rw@"u@éﬁﬁmh@dulé ap rw.mr c. ng

bar s. | es could -conf |%§red to forma Slfq%)fﬂtg ar wal
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por t i on fitsyd ‘%i'“'b\‘.{?&"%’lefﬁ/\%? I$°?fi5§ﬁl'%at?'%¥\0ﬁ‘fvﬁge“f'ﬁ%" ﬁ‘ﬁ nné? ?%ré %g}?
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nmodul es, the faor ﬁ&dﬁs [ | 34

out war dI ' &Fgr?lo tﬂg tﬁ%% pe?%%?\f)&t P‘#%ﬁﬁ?igg&rﬁi an @£2t8%6\&0f gleconfl gur ed
to coopenerghemvart|hstdleﬁ@ndmnhler¢rbld@ki@b9tﬂt 30men tﬂﬂdGbWeé‘?BES%f@ Zpt%fﬁ‘%%ﬂnpvtea beam
modul e 12', in a manner anal ogous to the co operatl on bet vveen the f_l ange
28A" of the 10 npdule 12 with the floor % c? g { se
a betm migye 40 ipa CP‘saV?é(d'ﬂ%'"Bﬁraf'ﬁ%ml“f“&ﬁdlé’mzﬁ‘ﬂd”'%% # A aﬁ"ég ﬁ%ﬁ°88?1'@ et e
recei vi Rgihad 8earf Pedtiilel T 0Ad béh ¥Oisdert @ad)f oft the ﬂbﬁdmbmlélﬁmepar‘rsabetwm ty@am

nodul e 12 may be S|nultane fi crete
whi ch m?éﬁC%fe}dt@a @Png‘ﬂﬁss?%l gt iSHRRRTE pcﬁaggs ocif “!(‘1‘4 e Z;gewﬁﬁte |bcr;e§ ety
connect inng@lutesel 2via thesmarinet Hescbbed ationgg core 10A with the beam 4 formed by the

modul e 12'. The form 36A thereby 15 defines an inner extent of the beam 4.
In this enbodl ment the upper extent of the inner form 36A term nates in

| ocat i orFigitres td t9r28 ilstratp sxemplary madyies P &IPS corgRER PYIIROi on structure 46

in this enbodi ment takes the formof a portion outwardly flared at an angle
to defi lLead in for quidingt ' t

that 20 5 Tpdte 48 T Raedherel lahRafie o ORI ERRs h nBudiane Abudu ©,

| i ke  nDdures fa@thwdek Wrdcturéla&'/eeacu«:tedrbesqmlmmhrrighwosihstp@ww 86/ to gefingchtubila  when
the top co 0 PR o) g&@gﬁ%&n toP (USRS Ao WEGHTRIR. Wit Borfchte AU €

36. The v0| modul e 36 conpl enents, as in _co-operates
with, t hmdmwomamulbywalhmdpmﬁtw&es adjerion 9f thejbeiding yieare 184, Th's‘ntUPH?f
gggaf" {Tﬁ,{éﬁ X F% Né?qm'%or?é%permﬁg’ﬂtbeu BuRdih@ 16T iRanaQah sHEREMplk Wefitthe BUTCKY ife
25 - wells, fire escapes or other core structure. Doors, windows or other apertures can also be

~ formed through the formwork structure by providing suitable walls in the formwork. The inner
formwork 36A and outer formwork 36B structures are formed from a plurallty of panel

. assemblies similar to those uséd in the floor's formwork mddules held to each other by vertically

extendlng corner angles Although it will be appreciated that other attachment means could be g

30 used



Figure 19 shows the building nodule 36 in place and spaced from anot her
bui | di ng nodul e 50 25 which defines the stairwells 54. The nodule 36 is
spaced frwonaimsdiske 50 to define a corridor 52. A beampé'T/AlRbiwes2a
ceiling of the corridor 52, a portion of the floor structure of an upwardly
adj acent building Ievel and structurally inter-connects the core portions
10A and 10B respectively defined by npgules 36 and 50. WO

2011/ 137496PCT/ AU2011/ 000525 22. The cage 56 includes vertically extending
reinforcing bars 57 enbraced by a set of ligatures 59, ‘The vertical bars 57

[ i
are tieligue 1haustaies theedetaly ‘?frfw(éd‘t’ﬁ}'e?ﬂ"ii%ﬁa‘?q tha dppdyle 3% apd J1ow: theY CRmE

buckl i NghgethBEat @PWR. Thé PérisH 88 PBILHSYA palest oppeRidipanél asbearrbiies valdefifing bi ons
12' " anal ogous to the floor nodul e go%t '1&%5 12 -excetptl n% t@at' t he rellatl ve
posi ti oXPiACoPeWREN ARREP (el ERCEINE HiONCTEIRe TNBLPRISYNG, BT YFAETS 18V &F 4% PEB® nove
t he rei a§rmliey 26aprejedf intd1ehemusidil40. 1Rthis embodimetth eache ptojeetimy strimtureol@limm 6.

The dule 58 further jnclu a,pair of - e te ssephl i es
26 i Eree opiebay BByt A el APl oo BaborRito hy RO B B PR, s
12" to btenpanetassembly@Bs Thé ebwting@pjestinggtrudines A6¢ anegrobaectad thieaeh otharttot he-
apertur of : it i Walo : t aLe not
honn 1 FE AR EST gPEERl oo 8 el duhl SRt o Inc N P BB

of a buitdintie Vo4l but are off-set at half a pitch so that the join. . -
bet ween vertically adjacent cages occurs about m d-way between the fl oor
and ceiling of each respective buildin

, | I di Lo ' I nt
of 't he. 45 EavalSTABHIN (CHlE i U MUEHRATURITHF 19 A PR e it 8B al e
of f st i wemk Hess ois sampicaéedded Chsetorj emnbrlasind ¢tteretun flangesc d6CY ofitheacent
dul 58. As _ h wh t he, f.l.0Qr ' ildi | 1 _ -
or t1 onoPeeag ey O B el 9 rRD SR s PO of B op R eGSR, |
figure 3rtehabs 16, Apawe ofrthenfornf ofrpothgctiorb@etpessifiitiat es i n out ward ext endi ng

flanges cl osely anal ogous to the flanges 28A described in respect of other
nodul es. Which flange is configured to co-gperate with the bet%m nodul es

f or mi ng ltinalse FeemBlRigd dhad therqxiant olppreiretion of HiSPrecding SIHAUPS 5t thas8leeEr e -

:c nt egr aloh}ﬁgtgbm b@n?lhas%emaliéltsizglj-g%md V\zmﬁao@‘ wgh)acd’oﬁtp&mdﬁ%aw va&riaBian srhivies -af
urt her enbodi nt,.of a ] .' Al Bny be.,u t or . DOI n of a
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t he prebméestion between the_paired projecting structures 16" varies from pair to pair. In this way
weaknesses associated with the connection do not .align along the length of the wall. As in the -
previous embodiments the projec':tingi strUctures_ of one or both wall structures forming the core

- module can have apertures for carrying reinforcing bars.

20 Figure 18 also illustrates vertical L shaped beams 48A and 48B, also referred to as corner
angles, connecting the ‘panel assemblies 26’ of the inner form 36A and outer form 36B

‘respectively.

. ,'Figure_ .17 _ilI_ustrates. a second bre-fabricated formwork structure 50 for a core pqrtion of a
building. In this case the module 50 is used to construct a stair well, e.g. as a fire escape. As
25 can be seen in addition to the outer tubular structure the core similar to the core module 36 of
figure 16, the module 50 includes internal walls e.g. 52. These walls are formed as part of the
core module, or may be provid_ed by stand-alone wall modules. In either case the formwork

| components for forming a wall-'includes compl'em_entar'y pairé of panel assemblies 26’ tied to-
| eééh other in some fashion, eg. Aby conriecting réspective' pairs of projecting structures in the

30 | manner described above.



enbodi nents however, rather than having receiving voids in the form of

hol es or apertures in its projecting portion into which reinforcing bars
are inserwedodumisg manuf acture, the projecting 25 struetcura20fy/dbsspanel
2100 i nclude open ended receiving voids to enable the transverse insertion
of reinforcing bars into the building nodule. As can be seen panel 2100

i ncl udes a generally planar boundary partion 2102 and a projecting
structure 2104. The projecting structure 2104 includes a plurality of.

upst andi ng proj ecting portions (e.g. 2106 and 21082 The ro ectin

st r uct uSang1@ang yamé@m@@ﬂieawg%%mn rainpy, el INForgprateaprgass ’E“Eie‘i Iﬁ%”fBngﬁﬁdar y

porti OnbaékOWaﬁQnéﬁulés%uwborﬁé&}ed td fbnu%eslmpreomacar iwag, &rtmidet 16fre pad Of awi | |
be surrounded bé t he concrete (“J t he formwrk. Ag é bde alpparent
Fr om 1 e FOTBEE SRR B RHLrO e TG pb 1o g SEPECY a gy Curvedl wil

2011/ 13&#&@5&3’&&%&é&)ﬁ§&%&10&&lmrWaloprstmm ofjtheZdrBtvoansiru2tl@s, are shaped to
define a pair of notches 2110, 2112 which, in use are used to hold and

| ocate reinforcing bars. Figure 22 illustrates a plurality 2200 of panels
2100 SwhiFgurer 20 shayesem tdpopantéa of egeore Earmwerkinaedweain sl GHganRer oo afA gxtefdsuct ur e

t hat ca d I e I S
crvoa et TR b GBS e 0 I g

The pr ojhedzantay ﬂé'ﬁ%@ﬁ/‘u rextengs Npzestally gutwa o hetepof Hie QUiRE fpanedts T
al i gned fghddzdAras %@rﬁffg@ﬁe@lQB dbbrskrate Qith Gf foRGwaik I 6dUNE 6f the Tibbradboté, tya@céuy at her

Ctpor  PRETTEGIR 14 e faeer gosioRrioe b copsiefEngimeesdnt e gy e
par t101| Inyodaires Earilite thef ﬂUdﬁdeIemucﬂebaleB%OVes Irs s/ beam module 12’ is seated on
the flange 28A" so that its open concrete receiving area opens into the void 40 of the module 36 |
so that the beam module 12" and the module 36 may be S|multaneous fllled with wet concrete
’ ~which when cured defines a continuous phase of solid concrete mtlmately connecting the walls
of the bunldlng core 10A wuth the beam 4 formed by the module 12'. The form 36A thereby _ |

15 deflnes an inner extent of the beam 4.

_.-In this embodimént the upper extent of the inner form 36A termi'na_tes in location stfucture 46

- about vits' upper periphery. The location structure 46 in this embodiment takes the form of a

: portion outwardly flared at an angle to define a lead in for guiding to an allgned position a similar
'module that is placed on top of it. The lower extent of the inner form 36A of the like module 36
20 - will have a correspondlngly shaped lead:m such that-when the top core module is lowered it is
urged into a.lignmevnt'.with the module 36. The void 40 defined by the module 36 complements,

as in co-operates with, the void formed by the _upwérdly adjacent like _module 36. 'in this

~ embodiment the voids co-operate to form a continuous tubular structure about the lift weils.

, : Figure 19 shows the buiiding module 36 in place and spaced from another building module ’50 B
25 which defines the stairwells 54. The module 36 is spaced from a module 50 to define a corridor -
52. A beam 4’ deﬂnes a ceiling of the corridor 52, a portion of the floor structure of an upwérdly
adjacent building level and - structurally inter—conhects the core portions 10A and 10B

respectively defined by modules 36 and 50.

v Figures 4 and 5 illustrate a preferred form of column formwork module 58. The column includes
30 an.upwardly projecting cage 56 of reinforcing bars surrounded by the sleeve like module 58. '



10 The assenbly 2300 includes the plurality of panels 2200 from Fi gure 22
and additionally includes reinforcing steel in the formof a nesh 2302 of
rei nforciwg 20nds7496he rods of reinforcing nesh 2302 ar epprexuseligeds2snt o a
mesh structure 2302 which can be inserted transversely between nei ghbouring
projecting structure portions e.g: 2106 and 2108, and | owered such that the
rei nforcing mesh 2302 is hung on the ppojecting structure portions 2106,
2108. Preferably, 15 the reinforcing mesh 2302 can be wel ded to the panel
structure 2200 to hold it i-n correct position relative to tEe nndu%e As
wi || beTappraedicdndgdes vattiqally etxt?&ﬁ'naé?"r‘f@rcé‘gt?ﬁés e BRAHEN et QhTaFiHieraP®

rei nf or gh&geRithiShFSB7bAel tRIACHAE. li@htuRIBPFD IV tGiventibinalc fishiom tb resigiasudhvard
structure 2100. Figure 24 shows structure 2400 conprising the assenbly
2300 of Peskite 23 and a sinmilar formwrk structure 2402 placed next to each
ot her. The two panels 2300 and 2402 formthe 20 inside walls of .a right

angl ed, e%ré? SE&R&Q d | %EIUM\%J F tﬂgﬂ'd&l ooy ‘ét@iusﬁcfrﬁ%tsufz% rﬁag%gu?@@tt?e‘lﬁgorcan be
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may be RERBYAUT §eEYs RADE AN Prﬁ%g ?aéf/e'&é}gotﬁg @Fnip\é\atéreﬁf tg‘]? “%gat W?t the 't
predef i RasfoRMYLaROS the moalld1Es beudtistownpofiguredas of the formawork structure.

Figure 26 shows a nore conplete structure 2600, which addi tionally includes

a second | ayer of reinforcing steel 2602. This is hung in the outernpst
not ches Tha cages 56rhaive etheight Sorespandingde thediaht efpsduieing F?ée'd%ﬂhéfle offrsetigtdfes

2300 andg, %R%OQEQHH&! &?bétbvh%%rﬁ&a@? abPcéTit @HEE kurst ddul ﬁtldﬂf/é}fﬁét\n&rbﬂhés 2602
of the two pane b can be |
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partly assrdllpaichef cagerds prodas ep@899 fios elowin having a first flat sheet

2802 applied to a section of the panel 2402. The sheet 2802 .is rectangul ar
and general ly planar in structure and has a |Ural't¥$°f apertures or holes
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process is repeated, and-as illustrated in Figure 29, an outer skin on 10
the formwork nmodule is thereby provided. The sheets 2802 can be positioned
such t hdtigurt@y shaves 4 fypthererabadiserny Af aPaiey 21 ewhightry belsrd to dergea Pertign ©f2900.
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i 11 ustr adr&8cting dﬁh@#\rlﬁtoaﬂmcﬁ F&tf@r@h@&far&érehh@rﬁﬁdﬂhm anatractare, e pmresptllrtgt ed by
wel ding on 15-a_ corner Thi s, corner.. panel I ng is
si npfY asrt\r“Etuéenat)gtﬁ’ Vet é%%](gr’"ci“@\?e?ﬁeﬁge dﬁé rg%?)vr’r'gfvo'?s t‘rgt Cgk%l %gsggér?
st r uct urigsertidni @‘Lrérafomngsba‘rwta tlumbqnldm’gedodmle ﬂerqammeksem)d:ah@ 3000ncluges @h may
be used for I [ Rt He N804 T Ngie Phtoledindd
ct t 04 e |
o oot el Db U, A 2ol oy B Sk
structure 2104 includes a plurality of upstandlng prOJectmg portions (e g. 2106 and 2108). The
pro;ectmg structure 2104 is deflected substantlally at right angles to the boundary portion"2102
30 of the panel 2100. In use, pro;ectmg structure 2104 will be surrounded by the concrete poured
into the formwork. As will be apparent from further descnp’uon below the prorectlng structure '



using the structure illustrated in connection with Figures 21 to 30 and
carries reinforcing steel 20 between two skins. As illustrated wth the
previ ous wohodinenss, doors and ot her hol es through thepealdu2etvooeear e can
be provided in such formmrk nodules. This is typically done by providing
sui tably shaped panels for the framng the aperture. Figures 32A through
32D illustrate four stages in formngza panel simlar to that used in

1;:| gure53|2n tthI enbodi nent of Figures 20 to 31 In.an initial step, shown in
i gure A a flat sheet 3200, pade o Next, two
panel bPHRYS §802106RNdL2A94. %fFéhfﬁﬁ‘?c‘gé’& '?er%H?'éa W%‘gr?é@tﬁ%%dgy W?‘f?g 'Béﬁgl

bl anks 3@%3@{%0@% I8¢Re eittdrting Bhrsand are shaped such that. the projecting
portions of one of the panels 3202 sit within the open receiving voids of

the other panel 3204. In this way, two panels 3202 and 3204 can be forned
from a Bigngl 22 itUstetes afpluralite 2208 of pates i G0rwhishhhave|beamisinegddogethas to fpsman bl ank

e.g. 329@@4?8% Ms LR Ge 0t da ?Qn'?éhro@%t %Mr@%&&lﬁ’e%aeenge& mem%h

proflles poec portion 1Is ustrate In Figure 32D.
panel5 |9reﬁll9h%i@d1ba¢'m¢gt ttfllfep?flﬁ‘ﬁ:mQS’na’Be‘trﬂfééﬁ‘?'YtJﬁ@%r“bjeé%ﬂ pihgr PuMeiding. 3968 and

the boua%fé'cﬂndj%‘i&btgl% 3%Qné3f S.hewgmnpb Plosnler 3ROBpmeR ates aligredl With @B
overturned fllange 3212 on the distal WO 2011/ 137496PCT/ AU2011/ 000525 25

br ake, B%WSBPWPS projesting stuctyreinegion 19f | earth §thef RPRTHER PrYide PR P9Nsli ‘9% S na
be for @jé@‘hﬁd"stﬁjcﬁ.@é bortiéfsfongLppatihg Penforcing arsadst idustratet ire Figatecati. imeFiyurat

| east s erati be perfornmed prior to separation
or puncﬁg‘3 at"fﬁ%sqwgﬁ‘{}gr qrk B‘Iogﬂﬁ?%‘gaéh?vlwbmthe panelo 3200. Fi ggre 33

illustrates the detail of a corner of two walls, simlar to that
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I lustr fromthe previous corner design described
i n t hat inclydes @'fﬁwé'f‘@ M‘F@' ig thecform af & oresh 3307 9T raipfariing redke The FoReY Re"ﬂfﬁrlctnpon
gggo ' ??Ae@ﬁl%oﬁ%rco%?ézﬁrelagd Bhi@\%ﬁr%eiﬂ”‘?@ﬁbtd@fMOQSvrﬁchf ¢dnSke h@al::lld:ﬁ[ryné‘v@fsefyor m ng
crete, an inner skin 3 I C or.ns anq or
concr et 8etWeAR NeiRNRRUINAG rojeciing Fatsin %P%”'?’bsr%diﬁg&?g ?r""@ﬁg 'c?“feyec{)fucﬁa{ﬁ%l s
sim | ar tieorelnftingl aren pheglisauny en tidprojetirey stakiure Bﬁﬁehs 2106, 2108. Preferably,
15 the reinforcing mesh 2302 can be welded to the panel structure 2200 to"hold it in correct
_position relative to the module. As will be appreciated, rather than using a pre-welded mesh,

individual relnforcmg bars can be inserted at appropnate places in the panel structure 2100

Figure 24 shows structure 2400 comprlsmg the assembly 2300 of Figure 23 and a similar
_ formwork structure 2402 placed next to each other. The two panels 2300 and 2402 form' the '
20 inside walls of a nght angled, corner shaped, formwork module. Two structures 2300 and 2402
can be welded together down their abutting vertical edges at2404. The reinforcing bars held by |
the two formwork .pane_l sections 2300 _and’2402 can be effectiyely joined to each other .using
sections of L shaped reinforcing bars e.g. 2500, .as shown in Figure 25. As will be appreciated _
by those skilled in the art the L shaped reinforcing bars 2500 are placed relative to the
25 reinforcing mesh of the panels 2300 and.2402 are such that they overlap to an extent required
by building codes. When forming a wall, it may be necessary to have mUItipIe layers of
relnforcmg bars set at predefined spacings from the boundary portions of the formwork
structure. Figure 26 shows a more complete structure 2600, which additionally mcludes a
second layer of reinforcing steel 2602. This is hung in the outermost notches in the projecting
30 structure portions of the panel structures 2300 and 2402 again, as illustrated in Figure 27, the
reinforcing bars 2602 of the two panels 2300 can be joined by L shaped corner pieces of

reinforcing steel 2700 as illustrated in figure 27.



10 includes a plurality of projecting structures e.g. 3306, 3308, 3310 etc,
on which reinforcing bars 3312, 3314, 3316 and 3318 are supported. The
corner iswoeinfoareoed using a pair of substantially U shapeduzeiwiaesi ng
bars 3322. The U-shaped bars overlap at their bend portions at the corner.
Toget her, these reinforcing portions 3320 and 3322 define a |loop 3324, into
which a vertically extending reinforcpsag bar 3326 can be inserted. The
reinforcing bars are tied to 15 adjacent reinforcing bars in a manner that
will be known to those skilled in the ar reci ated, by those
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_ e provided with a sma

5mm step along the overlapping edg‘e to allow overlapping of
' nelghbounng panels such that a substantiallyv planar outer surface results.

Next, as iIlustréted in Figure 30, the corner of the module 3000 can _be completed by welding on
15 a corner panel 3002. This corner panel generény speaking is simply an L s'ha‘pevd panel for

,'coverin'g the corner of the adjoining panel structures.

Figure 31 shows a cOmpIet_ed of formwork module 3100, which may be used tor a stairwell or. 7
similar portion of a building. The building formwork module 3100 includes a double skinned wall
"'usmg the structure illustrated in connection with Figures 21 to 30 and' carries reinforcing ste‘elv
20 between two skins. As illustrated with the previous embodiments, doors and other holes through
~ the wall structure ¢an be provided in such formwork modules. This is typlcally done by providing '

smtably shaped panels for the framing the aperture.

- Frgures 32A through 32D illustrate four stages in forming a panel similar to that used in fic gures
"~ in the embodiment of Figures: 20 to 31. In an initial step, shown in Flgure 32A a flat sheet 3200
25 e.g. made of steel, is provided. Next, two panel blanks 3202 and 3204 are punched from each
" sheet 3200 The panel blanks 3202 ‘and 3204 are identical and are shaped such that the
projecting portions of one of the panels 3202 sit within the open receiving voids of the other
panel 3204. In this way, two panels 3202 and 3204 can be formed frorh a single sheet of
 material 3200 with minimal wastage. Each panel blank e.g. 3206 shown in Figure 32C is
30 _ extracted from the pair and the profiles projecting portion is folded as illustrated in Figure 32D. -
The panel is folded along the junctioh between the projecting‘portion 3208 and the boundary
pbrtion 3210 of the panel blank 3208 and also to form an overturned flange 3212 on the r,distal'

A Af tha nrniactina nardian 2908 The faldina nracece ran he narfarmed 11sina either a nress



downwar dl y extendi ng flange of each of the locating el enents 3404 and 3406
can be inserted. The bottom edge of the | owernbst projecting structure
3402A of\wbaoumpamﬁfornmork nodul e 3402, includes a pai pcofaAl@pnavers3402B
and 3402C, which are 'shaped to receive an upwardly . extending |ead-in
portion of the locating el ements 3404 and 3406. Locating el ement 3404 is
shown in nore detail in Figure 34E. Th ﬁ | ocating el enments 3404 and 3406,
are designed to be |ocated in one of the two nodul es and provide a tapered
| ead-in portion to assist in |locating ' an adjacent nodul e when theg are
br ought brabgeandireak] prest s simiizfpiiag eﬂwémﬁdcoataitwgatéaeb!mﬁ ke forraeq witha dolr

pl ast ![ C i Pg‘?ﬁa?:'mng%% SMerrafitk EhBodRhe AfleBst Sonfl df e féfd&\gadlféra@ldﬁk inapbal | y
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t he adj acent formwork nodul es. Turning now to Figures 346 which shows the
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esent. 1 nvention anel 3500 has generally the same
const r: ucremoaﬂya@dew"}gr reinfarciag bar éﬁ?ﬁ)é?frréﬁt'@seﬁé%v@e retfRicipg SpecAerigd to
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bars at paci ngs fromthe boundar nfgrgrtl anel. In
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profil e randed Mdmisiafmentdf Wicprbdant Miersivhst anti al | y square projections with
recesses 3508 therebetween. At the top end of the projections e.g. 3502

there is | ocated notches 3504 and 3506. These hotches are adapted to 30
recei ve Aigired mpcihrrgxgbaﬁl show hbve verticai @didesrt wab%@pnmwwfomw@r& Bedesc®n3508

and t he pr ] t tad to
recei ve t’Ilr%es?;n or CP Postﬁégtﬁﬁgl ?grﬁé?élagpb%% 1374 %I%QC%/%BOZ%‘%E}] 8%8%%5 :

20 foIIowmg components
 a iowe_r_ formwork modulé 5400
an upper-_formwork module 3402
a bair'of Iika IOcatinQ _elema‘nt's, 3404 and 3406.

The formwork modules 3402 'and 3400. are similar to each other, as will usually be the case
.25 when forming a building with muitiple storeys. As descrlbed in the previous embodlments the
formwork modules have first and second sklns e.g. 3400A and 3400B. Each module
' addltlonally includes projecting structures e.g. 3400C which extend in this case all the way
across. the concrete forming vo:d within the formwork module and. are adapted to carry
‘reinforcing bars in the manner illustrated in Flgdres‘348 through 34D.. The top edge of the
'zn Linnarmnst nraiacting stricture 34000 includes slots 3400E and 3400F into which a respective



27 Figure 36 illustrates an exanple placenent of reinforcing bars using a
panel of the type described in Figure 35. As can be seen in this exanple,
upper andwbaeerishegers of reinforcing bars 3600 and 3602carazeuppansed by
t he panel 3500. Transversally extending reinforcing bars 3604 and 3606 can
al so be attached to the panels, and reinforcing bars 3602 to conplete the
reinforcing structure. In the presentogxanple, the reinforcing bars 3602
and 3604 may be preformed into a mesh prior to insertion into the panel

structure: However, they may alternatively be placed as individual rods.
Si mi | ar Hgwnwardlg eg€0dNE flrngeegasy the lorcetmsa!Pm?m%%P“n%ﬂr?“@ﬁ cap ge dngerted.
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modul e EReRmsh lB8d-Rbortidhah e 16EAE blbREnts BaopaEDOBON Wi th Figures 35 through
37 may be particularly advantageously used in formng beam; of a concrete

building. As will be known to those skilled in the art, beanms of different
dept I5s agatihg elearut 3404 isvshdwminandreidetil ingFigure %Ecbmajion@jm elemeatshid0grandof t he
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typically be under tension in the building. Depending on the thickness of

the beafBRPHY™PBI4%ed, the upper reinforcing bars 3602 and 3604 may al so be
in tension. Cearly, addltlonal ‘levels of reinforcing bars could be
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step 37 sheet
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P i i P wes e SRR IE oo b R RS 370
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20 brought together Their final aligned and connected posutlon is ;llustrated in Flgure 34D

Figures 35 through 38‘illustrate,a further _.examp'le of a panel structure usable in a formwork

module according to an embodiment of the present invention.

_' anure 35 shows an alte’rnatiVe p'rofile' shape useable in the panel according to an embodiment
of the present.invention. The panel 3500 has generally the same construction as in previous
-25 embodiments however the prolectmg structure has a profile' which is adapted to receive and o
_hold remforcmg bars at a plurality of spacmgs from the boundary portion of the panel. In this
: regard the prolectmg structure 3502 have a generally creneliated proﬁle and includes a plurality
of substantially square projections with recesses 3508 therebetween At the top end of -the
. projections e.g. 3502 there is located vnotches 3504 and 3506. These notches are adapted to
30 receive reinforcing bars in the manner described below. The recesses 3508 and the profile
between adjacent prOJectlons e.g. 3502 is also adapted to receive remforcrng bars at a first

______ 8imm Bomimn bhan b an"nr\l nartinn-Af tha nannl



bordered by side walls, in the manner illustrated el sewhere herein to
provide sides for formng Gnnik, in Pin" Irac "47F tha nanal ctn Intl Ira
17nR i A Iweded /w498 rei nforcing bars. in the WO PCT/AU2011/000525

2011/ 137496PCT/ AU2011/ 000525 28 form of upper and | ower reinforcing nmeshes
3708 and 3710. These can be attached to the nodul e via welding or other
mechani cal fasteni ng neans. Figure 382ghows a | arger section of formork
nodul e 3800 made in a nmanner described in connection with Figures 37A

through 37F. However, in this exanple the reinforci n st eel | aced as
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form ng ¢grglRReBMHY lﬁé‘arﬁfto ethirithél bAgbgoRsily Beehbing @6infortinkorotid 86H end 8609
enbodi nments the panel 3900 includes a boundary portion 3902 for form ng

conctet #itBRANLfOBPWPTE A por ti on 3904, which, in use, extends upward into
the concrete form ng voi d of the formwork modul e and serves to retain .
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It should be noted that the lower reinforcing bars 3600 and 3606 are Iocated ata posmon within

the formwork module such that they will be at the bottom of the building portion formed with the

20‘ formwork module. This means that these remforcnng bars will typically be under tenswn in the
- bualdmg Dependlng on the thickness-of the beam being formed the upper remforcmg bars 3602
and 3604 may also be in tension. Clearly, additional levels of reinforcing. bars could be pl_'owded-

' by changing the profile shape to some degree.

Figures 37A tov37'F' illustrate si‘x stages in the fabricatin'g a formWo‘rk module using panels of the

25 type illustrated .iri Figures 35 and 36. Initially, in Figure 37A there is shown a sheet 3700 from

| - which tWo panels can be formed. Next‘ in - step 37B the flat sheet 3700 is cut into .
.complementaruy shaped blanks 3702 and 3704 The blank 3702 is illustrated in Flgure 37C.
Next, in Figure 37D the blank 3702 is formed by folding the blank to |ts desired shape to prowde
an upstanding prOJectlng portion and other structure in the panel 3702 Next,"as nlustrated in

30 Figure 37E a plurality of panels are welded together (in the manner described elsewhere herein)
'to form a panel structure 3706. One or more sides of the Ppanel structure 3706 will typically be -
bordered by side walls in the manner illustrated elsewhere herein to prowde sides for formmg v

AAnArata Einally in Finiirae R7F the nanel striictiire 3706 is loaded with relnforcma bars. in the.



It wll be appreciated, that the reinforcing rods held by the retaining
structure 3906 are |ocated in a |ower stratumof the concrete fornmed by the
f or mvor k \Wweadyl1@1354e¢h that in use the | ower portion of therpanelyebhycture,
and inportantly, the reinforcing bars retained by it are under tension when
the slab is forned. It should be understood that the | ower stratum of
concrete 30 discussed is a portion ofzghe‘concrete form ng the building
portion which lies below a neutral line in the concrete which notionally
defines those portions of the structure which_ are under tension or under
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boundary portion 4102. The boundary portion 4102 includes a |arge upwar d
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C It will be appreciated, that the reinforcing rods held by the retaining structure 3906 are located in

a lower stratum of the concrete formed by the formwork module such that in use the lower
pomon of the panel structure, and |mportant|y the reinforcing bars retained by it are under

~ tension when the slab is formed. It should be understood that the lower stratum of concrete

30 discussedisa porﬁon of the concrete forming the building portion which lies below a neutral line
in the concrete which notionally defines those portions of the structure which are under tension

" or under compression when loaded.



30 4406 is forned using a formwrk nodule simlar to that of Figures 30 to
31. However, at its top end, an additional reinforcing structure 4408 is
provi ded wo 28uppRems t he wei ght of the slab 4402. |n ordecTiaw2enmorsredat e
the reinforcing structure 4408 the upper portion of the inside skin 4410 of
the 1l ower formaork nodul e 4406 includes an outwardly projecting support

el ement 4408. Continuoqus reinforcingzgetmeen the sl ab 4402 and the | ower
wal | 4406 is provided using a ", | -l1--x- ;A 4 *11 1440, AAlA ne."e 30
transversel y ‘extendi ng reinforcing rods 4416. These are inserted’ t hr ough

sl ot s pFiguleiliysiatase vasantonghe Pé&%g@ﬂe\/@ 187 RARR R 1PR G Finaler inrofile fo e seen,
the uppelg uFé)ﬁsSTWﬁﬁ %é@&@b@né&ﬁmt inaudjessw@&tegpamcﬂmam poftivRr4102r TAEDBdUnEAgiul e

4406 d I t I t 4418 d 4420
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Cogclr et eom&etenwcﬂdtfd)rﬁ{ @?h&@?m@n@aﬁdlsfwmmmd( Frgnchﬁhmshytep@wegmgnttdhel sIt ab
o] LIS (o) | at.i on

figt eéowgqrmgpﬂ& 'H8g‘t“r‘ nggps%efan%% of %QQ% i Jﬁteg% %kﬁﬂe 10 A@ c%]é 2&% %e%g] @gous

manner . fdringlorkemddulé ¢306inclidassy plautahtytolﬁeamsoMQZat%Qﬁn 4306. &acfapta@ei ineludes a

enmbodi Melboe ve%o[n%é%g%ormg uh?(?’ZAV\’QﬁE %b;?foﬂeag\wmﬁnfé)é 45BEB e & B6@MIng0" |

ot her struc ure can ane e 10 described hérein.
Fi gure #artigndsupgorty lauset &f éelafowmelba%éép%awh'ﬁ"g etx??@ds@ﬁﬁ%ssgmﬁ@tp&l Parpe as

the panqlrangf/erg‘}a]@ e&t%ndu-rlx_ ?eurﬁ?@r'&ﬁ\bfbafsrbé hiz30 @RPASH pRGtiedar SippBRsH i PetaingO

al I ow 't he boundary ded transverse to the fin t|o of the
panel0 ISHUﬁU'BFéf‘BFW@Eq@P pﬂ*R—?“BQ 6‘[‘@3{“‘?%6 %f‘?"ﬁ%’ﬁ'ﬂ?@g H‘Jé(}g Fﬂfgé‘% @‘Fel n.
;rhffdpgn%hﬁec{tlﬁ%ibﬁﬁbn@ﬁ&r(ﬁ t®an &EJTaeént jcontadting rén@foﬁ:urig&)aghﬁ@LUamgimmm 4310an 'lbe
ol ded thr e not.che te a.recess wWthin, t exanpl e
L 6 o s oF Tas 40 ey bror ik BRksufh JERE Tadtid, Nelk, W SrBRV Bl tie bffe £E27P &
pressi n@302, adcharangediirsa neshicac lalsdebeampirdetaen tepuni dizg ge"mrpmg @ar54531)8 amdd a
proj ect i Bg, %ﬁéjrgt a&n‘ﬁé@orcﬁ@%ap cff?é;g QR WRleHE §. Akt WaNS AlRfith gne of

the | ong~edge p 0 Each projecting structure 4516
i ncl Uijegleanwfr on sumnlar( eenr@orcnp@mpﬁéﬁml daPqean @etn@é't' neng fed by theoiginiesaing: web
4516A %ﬁ@r{x%éﬂg 5 TN %ta&u.%%fwglgermcmgndcafédéb%agatﬁ %eanélf%l FRNh dhe Sll@Nge

portion roj ecting rom t he boundar orti
hor i zontogpe fqr@ﬁgec%ﬁ% Ee"'t‘f@’icﬁ%{ Y tRiACe Mgt of s‘Fﬂﬂsi’e%%&nﬁﬁfl” ing é?‘ﬂ&’ﬁc"lﬂsﬁ%f& The
boundar yyeestbl N4l éh GRNwabS el caatreidas psdred frerdongetersidtswi( ketens hpishe
et g 4335 Ay v R St P 0P o R DI 8) an
i s | 2@at43d2A mekdieainel oy raal holent106 do e Bir @peapeldmgng; concodte peurd BibGxample
" section of a building portion formed using a permanent formwork module including panels of the
type |I|ustrated in Flgure 40 is shown in Figure 41. ” '
Figure 43 illustrates a section of f.ormvwork for a building which can be formed using formwork -
modules according to various'aspec't_s and embodiments of the present"i'nvention. The segment
25 .iI.lustrated shows a junction‘ between a slab 4402 and walls 4404 Vahd 4406 of two stories of a
Building. Accordingly, Figure 43 illustrates a junction between three formwork modules. The
formwork module forming wall 4404 is substantiall'y the same as that described in connection
‘with " Figures 30 through 32, whereas the slab 4402 is formed using a formwork module
.substantlally the same as that described in connection with Flgure 42. The lower wall portion
30 4406 is formed using a formwork module similar to that of Figures 30 to 31. However, at its top
end, an additional reinforcing structure 4408 is provided to support the welght of the slab 4402.
in 'order to accommodate the reinfofcing structure 4408 the upper pbrtion of the inside skin 4410
of the lower formwork module 4406 includes an outwardly projecting support ‘element 4408.
'-Contlnuous reinforcing between the slab 4402 and the lower wall 4406 is prowded usmg a’

A a A e o AP et Hmie AAAD mmd A 1 Ramad —Aln‘ﬂ\—nlnn bim AAAA Ao wuall as



25 The engagenent region 4522 is recessed by about 2mm and is about 50mm
wide, and is adapted to receive a tail portion 4524 of a |ike adjacent

panel whewothe/f3erewor k structure is conplete. The paoelawdbl®oos2s
additionally includes a pair of notches 4510 and 4512 that are cut into the
projecting structure 4516. The notches 4510 and 4512 are generally
triangular in shape and cut 30 at arogpd 90 degrees. WO

2011/ 137496PCT/-AU2011/ 000525 31 the notches 4510 and 4512 that are brought

h b he f oper ded h h h
o Chal B SAN P R SR RatT 4% TrBess Fa PR e pevigag) e o "
i |1 ustr agamrdof rlesﬁeogw forfi@orki modulass As sdrr be gén; e igner thanod medde @404 ksh |
t T
Lot Nkt QS5 ReP I RORRATOIN aRhe MEd e 1T BRGTPONL Sockilly BEnBhean0°

ca ng"s carrired on t 4616
| n t he Adthand 4e8dr a b@dnmegomtomm prgcase rdesamﬁ@mmonmbn wily Bigetes BdAur és.

As can t 41 bed
nor eon LS Wobralcds BOREHIIRL afscrfiie Glkr€ mBANEL By Surh el ariiofer
fl oors, wekaesion feshd The tipRer \A@ibtpo@p@ﬁen%amcyn Vsiolatien faterher 3t dleejting obpausing a

separ at @IaB%EEﬁoﬁ%bo@ lfjlﬁ aWaaHaIS?ou-ghﬁ‘an%EF ucture formed can al so be stood 10
upright, and cl-osed on its open side to define a formwrk nodule for a

wal | or portion of a vvaI |. As will be appreciated, the plurality of panels
4500nbrr}a}‘|g|0ﬁ§ 094 fedb illogﬁitdélﬂfe,hfabﬂ’t%lﬂorlﬂaflm hlt&?hétlvsled&omaidelns of akamdoknmedwe,panel
asse or eac d_i efore
joini ng}'i“lhf"r Pks?"{mmﬂ‘ x?m?k"ﬁ%a 53?1 Iorfgﬁgsth%“ %ﬁ dp%rgr?o?quggﬂg lgbe cut
intd helemnbpdabenemg Fpgure “érand 35 Glustrate paaet! %Bgmawm:metswate geharabshapelesr t han
a rectapaul g il GRACBR THARABR if Hid'Bflo c{‘@érﬁ% Ehndple B AL HERAAL o bQ@wo%H}toat any

shape or ang to a erent- wa
al t er nabpVeldedtrapsverse t9ithe Praigating eprtign foi)r*hﬁ/\B?ﬂ@' HﬁcﬁJPr@feéfe%fPfaihetRioJ?ﬁ!ﬁ‘S of

figure 46,4&8s b.svéfﬁsi@h&emefeﬂ{ g ;;aaelg h@ithfer 88fore dM&tengdi J\lﬁ? g ddghBbur t he
nod' I I'e, can be wel ded 8§t er ongi tudi nal edges.

t heir abuy
The | of REll GHTyoR TRESdOE AR Do e dR G A decert WIBEARS PoTR) oG ey | one
or brmclerirepshabed filcbsy. enbodi nents. As will be appreciated, in this case,
rat her than notching the. projecting portions of the panels, the outer ends
of the projecting portions can be shaped to. form an appropriate angl e so
that thdpealonel 4508 inbirght deigi Myroderaingapreskiag ooethet meang)|te include a planar

~ boundary portion 4518 and a pro;ectmg structure 4516. The projecting structure 4516 runs
| along one of the long edge portions of the panel 4500. Each projecting structure 4516 mcludes' :
a vertical (e.g. perpenducular to the boundary portion 4518) web 4516A extending from the
20 vboundary portion 4518 to a horlzontal flange portion 4516B pro;ectlng away from the boundary
' portlon 4518. The horizontal ﬂange 4516B terminates in a short downward return 4516C. The
-boundary portion 4518 can alvso includes stlffenlng, ribs (not shown) running along the length of
tHe panel. ‘Thevpanel 4500 also includes an engagement region 4522 that extends along the
length of the panel 4500 and is Iocated_ immediately adjacent to the brojecting structure 4516.
25 The engagement region 4522 is recessed by about 2mm and is about 50mm 'wide, and is
| adapted to receive a tail portion 4524 of a Iike adjacent panel when the formwork structure is

.complete.

The panel 4500 additiona"y includes a pair of nbtches 4510 and 4512 that are cut into the
pro;ectlng structure 4516. The notches 4510 and 4512 are generally tnangular in shape and cut
30 ataround 90 degrees :

These notches allow the panel 4500 to be folded through the apex of the notches 4510 and

4512 to form a channel shaped formwork module in the manner show in fiaure 46. The edaes of



25 It wll be appreciated that the various aspects of the invention allow
for the pre-fabrication of various conponents in an industri al

manuf act wongienvissonnment whi ch nmay present signifi cant pathaanvagess2sFor
exanpl e safety can be inproved since | ess on-site work needs to be
performed. In particular nuch of ‘the working at height or overhead is
elimnated. Cost could al so be Iomereg1since aut omati on techni ques can be
enpl oyed during manufacture, delays due 'Anwof wonthor nn Rite ara reduced
and speed of installation:-on site is i ncreased.” The pl acenent

2011/ 13thegeriss ARan) 4508488 anpbrewght tegether B!dthelf@ﬂ'eapee'?@”st%ﬂ% ‘t’?'%tﬂ’ Bince
pl aCGWE&chQithér%af&bmeH%e dHdhhdl B8bpRB formold hedulgan ei ther be performed. by
machine, or 1f performed by hand these can be performed by a worker at
ground | evel, at a confortable working hei ght and safe manner. Moreover
t ol eranggs ﬂn‘iaﬂ)fonﬁmbmmdsdmesmobﬂustnawdowéghre\sterls thata stmightwaltedcbavehshapeal

f or mwor k rticul arl er for ran ,
manuf act’vﬂé ﬁ@"@ﬁx/ﬂ% ’é‘%%“%‘é”gcon“[%@%?ﬁ e(?% Ee’%‘?@jrlé t% hgnb%t ﬁﬁénrggnual A% mor k
cr eats oreifforoing steel 4502 amteellqn thé pejacting strughiedset616dn thepnanpeddesgiited ahgve.
quality, Th ] es can be. quicckly and rel atively- easily
transpoPE d]garggr% %Q\éegéﬁa?]gés te. ﬂ"té' is anticipated that a floor of a :

bui I di ng coul d be formed and poured within 2-3 days and with 10 appropriate
bﬁCk' Pr aRRLABe s@éiﬂh'rltsie(i’ribb%ljlnfelnpélrog/s%ﬁ\@%cbaaéls af ﬁuieﬁ?'deafesér&i’ee fheFetD’f tosierfwin:etlijt y
the termconcrete has been .used herein_ throughout o Jele a i ng
mat er i aint® pRANNELShared feapwerkimpdyies Filale éor?l8?rﬁ] bgaNs. ?leaﬂ?bé&qp ur%tg{#,y sets
to for maghfatiid Asedab aaadibwdpdtair@vertidal witlé walise T&pptrmtmratf@d\eﬁ lvao alsoppectandof 't he
invention are able to.be VeRihral
concﬂ)eté' é‘ﬁd ?rﬁucsosegc?ﬁ téeoep \#o%par%ﬁﬁelr%\?de@wg ‘{\gédlﬁgn%gab\?%a p?enge to
enconpasalll5 a wide range of such flowabl e; settabl e building materials. It

w || be understood that the invention disclosed and defined in this
speci fication extends to all alternative conbinations of t nor e, of the
i ndi vi dégIvil baeppredatadios BHEHY OF PRRAIAI0 M3YARA IPREd f"@ﬁt‘“eb#he\é\‘q}m HEL 9% | of

these dlvsfaﬁ@fo&féh oﬁ@é?‘apanaél b3/ Srinbtitor exclr fapes45aDcan bafdrved mtpechianel t he

i nvention, %eflq ggothe invention are as follows: 1. A
pre- fabertf’é‘t’@lﬂ“ngtrt ®i3¥%a bui | di ng portion; the nodul e :
including: two or more .panels each including a boundary portion and one or

mor e153 r (Nn?%un%gr §ft 5&%&%& &R 'be cut into the projecting portnon 4516 the panel 4500 such that
‘shapes other than a rectangular channel can be formed. Moreover the notches can be cut at

any shape or angle to allow different wall angles to be formed.

- Inan alternatlve form, the side walls of a formwork module similar to that of flgure 46 can be
_ .V made separately to the floor. The walls and floor of the moc:ie.can be welded together along
20 their abutting longitudinal edges The Joms along the edge may be strengthened if needed, by
- angle sections or brackets as in other embodiments. As will be apprecaated in this case, rather
than notchmg the pro;ectmg portlons of the panels the outer ends of the projecting portions can

be shaped to form an approprlate angle so that they abut its neighbouring panel at the .correct

angle. -

‘25 it will be apprecrated that the various aspects of the invention allow for the pre-fabrication of

_. various components in: an industrial manufacturing environment which may present significant
advantages For example safety can be improved since Iess on-site work needs to be
performed. In particular much of the workmg at height or overhead is eliminated. Cost could -
-also be lowered since automation technrques can be employed during manufacture, delays due’

2Nt~ wat weather an site are reduced and soeed of installation on site is increased. The placement



t he panel s being arranged such that their boundary portions together define
a first substantially 5 continuous boundary for form ng concrete, the

proj ect i mgoIwGr496es projecting fromthe boundary to profreaioiinaes2she
concrete; and one or nore reinforcing bars fixed in position relative to

t he boundary for transport and to reinforce the con'crete. 2. The
modul e of claim 1 wherein each panel B3 at |least predomnantly integrally
formed of sheet 10 material. 3. The modul e of any one of clains 1 or 2

wherein t_hew&dOJ ecting structures include one or nore receiving void

openi ngobletakedismentoRsitlid $iage RRSERERTS 'HyorEgeiirling Al SIS En e'the' .
rei nf or g& pAfBAED- by machéne‘l .or Thgerfshted 8y Ghne ir%smgan\dégpiemoﬂnemgy laogdrkaf att he-
proj ectin ctures ni n e rec voi ds are shaped to carry a
rei nf or Qfog'agi‘?é{% e cé’"B?’ga(? "é?r%‘[’%gﬁggtﬁg Bﬁ’i t he boundary. 5. The

nmodul e of claim 3 wherein the portions of the proj ecting structures

def i ni n%%gﬁ%e(.g&?;n\ewgu nfWorEah QARG Gyl Py fcﬁtmés?ééﬁvehi{%ar RIAkGKC ng

bars at ‘a rent predeterm ned spacings fromthe first
boundar yparticularly t'mbeTﬁUmM@di)llsé‘CGfth%It@!PfﬁFQPS ip man iag renYIFREMepH B bPur t her

i ncl udego@rdi .@a %ﬁurngarﬂh'é%&waef&ﬂwa& GaRoH RoddRE UIBMBIRY BisNdap BaSsférmtot he
recei ving voi d . The nodul e of claim6 wherein, the retaining structure
i ncl udeﬁ”‘%{o‘{ﬂdlﬂ’-’d‘l"i‘@ 9“%9'?3’ apertures which in use contact the projecting

structures of respective panels and through which the retaining structure

wner o 8P bl ThS&hes A S S Rl reatvgly ooy e epleefoRsiS ©F 7
cont i nudtus abtmmtmirtyat F fioor foba iitingcomutst ket Boymesharcdovrechwithin 8- 3 daystand ithdar y.
WO 1/?j r? E;% ;ryggﬁ%ggl f%'éérs dded & Il seof any one of clains 1 to
7 includ er strdc

ture Ining a second substantially contlnuous
boundary, for form ng -concréte, spaced fromthé first boundary. . 10. The

m)dlﬁl eh%r Sy ||6R9%ef3fferrﬁ? keticdte Bad Bedh R heieh ﬂ'\l‘tﬁlgh@ﬁ@d K&ifeR Go H(buntsngirlhateﬁhlaped
sSuc t t an S

mat er i alfnat ‘?‘?ﬂ e H‘k% %Sf%*?faﬁzf ﬂﬁ'ﬁéau%sﬁq‘f?@yéﬁtéé? °§'Bcanp%°é1tm@[b@%'§%t one

proj ect lltn.gll B¢ apireciated frart bspeatsaf theneventiaméreiablel to tbe rus ey witil materrials ather tHiadnar

proj ecti nr%en* @%F&*w Ogncftﬂng grm:bé}g réhgﬁld Bbﬁﬁép%% ll1 ch%a%dse%é {2)' Jr'\c&rnﬁass

receivi g VOI
_15 a wnde range of such flowable, settable bunldmg matenals

lt will be understood that the invention dlsclosed and deflned in this specmcatnon extends to all
alternatlve combmat:ons of two or more of the individual features mentioned or evident from the
text or drawlngs AII of these dlfferent comblnatlons constitute vanous alternatlve aspects of the

" invention.



11. The nodul e of any one of claiml to 10 wherein the reinforcing bars are
fixed to the projecting structures. 10 12. The nodul e of any one of clains
1 to 11 fwotberi3rg¥el udi ng two or nore spaced beam nenbersTsuppovdoszg t he
panel s. 13. The nodul e of claim 12 wherein the beam nenbers have a
profiled cross section including a face which is arranged to formthe
concrete. = 14. The nodul e of claimgl2 or 13 wherein at |east a portion
of each projecting.structure spans 15 the space between the beam nenbers.
15. The_nodul e of any one of  clains %}to 14 wherein each projecting

tructuﬂ'Beflé‘r"HFHSf'é'gglurF VERKAN 378 ARSI f or keying into the concrete. 16.

The nodul e of any one of clainms 1 to 15 wherein each projecting structure

ol e 3 BB B hiGe SR Bl e EMiniifing 20 17, The

nodul e ofAc’f ereln e su ructure '?Jges a channel . 18.
A pre- fabrlcated f or mmor k nodul e for a bu|Id| ng portion; the nodul e

i ncl udi Rgs oRoRY PAMRRS édth ﬁ&!tﬁirr@@%&xﬂﬂbty%dr%n%tédé%%or@%é’&rhy skrG6turber mi ng

concrete and one or nore pro ecti ng structur

2011/ 13 Hasopavels/ beinacarangesh s t ttterreboar‘?ﬂ%e?mw& @S?tﬁ?ftq.?f &2 frsh sustantiglvs r om

the pURGRINIOLSP uahﬁuaﬁﬁtforl Réridirgh BoreRAE, Bee prfdtinte stridtiigs aprejepar fromgthe
structure carr nf or ci ng bar ( 19. The nodule of claim 18 wherein

re
t he supﬁBP'ﬂqaﬁg ‘?ﬁ‘éf’ﬁ?g’e i°AR{"88e¥'% channel .” 20. The nodul e of O aim 18 or
19 wherein the supporting structure and the reinforcing bar carried thereby

are posichl Oorgrgortorernrératgssrgu »r'gts@%nlrj 402 96 wid"Bo B! BF ransrdtt o to

pre-fabricat or mnor ing portion, “the | e |ncIud|ng
one or menferqedhwr@@m ni ng a v0| d for form ng concrete and

2. The,module-of claim 1 wherein each panel is at least predominantly integrally formed of sheet

10  material.

3. The mvodule.of any one of claims 1 or 2 wherein the projecting structures include one or more
receiving voids opening outwardly from the first boundary to receive one or more reinforcing

bars.

4. The modiile of claim 3 wherein portions_of the projecting structures defiriing the receiving

15 voids _are shaped to carry a 'reinf_orcing bar at a predetermined spacing from the boundary.

5 The module of claim 3 wherern the portions of the pro;ectlng structures defrmng the receiving
voids are shaped to carry at least two relnforcrng bars at at least two different predetermlned»

spacrngs from the first boundary

6. The module of clarm 3, 4 or 5 wherein the module further mcludes a retammg structure to

20 capture the rernforcrng bars in the receiving voids.

7. The module of claim 6 wherein, the retaining structure includes a plurality of apertures which
in use contact the projecting structures of respective panels and through which the retaining

structure is welded to the projecting structures. - '

8. The module of claim 6 or 7 wherein the retaining structure defines a second substantrally

25 continuous boundary, for formlng concrete spaced from the first. boundary



| ocating structure by which the nodule may be |ocated relative to a
vertically adjacent |like or simlar nodule. 10 22. The nodule of claim?21
wher ei n twe 2bneatisag structure includes a |ocating el emeotr/Auzeivdoszg an
engagenent portion by which it is fixed relative to the fornms; and a

| ead-in portion to locate the vertically adjacent like or simlar nodule.
23. The nodul e of claim21 or 22 whergjn the forns are conplenentary to the
forns of the |ike nodule when nounted atop the |ike nodule.. 15 24. The
modul e of any one of clains 21 to 23 including an inner form and an outer
form t9eToaummdulecefmanyt ohe §tclaias tl i Brieglyding Ritheh strygiye rdefigipgna 8@ i ne
the voi g)b@gﬂﬂéllytgg iHuB%Ban@érm forf%ﬁning Béhcrasl Whacedffrom ik MstBouMaaryei n each of

the forns 1's tdbular ereby said defined void is tubular. - 26. The
modul e of any one of clains 21 to 25 wherein a portion of one the forns
pr oj ect $0. 2fheUpyd@iiglbyariyeyrend critd Bes o mhetdiotheabcdiviey faidsnaretsbapeat suchrthatnner

edge of ,a concrete structure above .the o f LOR. The
modul e e P3R sé‘?‘?é{eb(?f oroyeg fFPé"»E'fr%fsocuﬁ&orﬁﬁeéog'ﬁélona%e?ieﬁﬁ&%r%g sgpﬁ%%gfb S}FHB

i ncl gdesrrangedosn ther shegasatts thahrad lesst long anejécting retludidess pertio oh @ae \plankrisi on
and one. or. nore of _the oroj.ect UGt hofth bEnihnd RRSted RiiGHCOMENaNt Iy
i nt egraln%fle?‘('ﬁ'dﬁ‘ﬁ' stmglhaz«ﬁéjﬁﬁbgE?g?%‘rre#ﬁeau%ﬁiheqog% !t)%?n ? he, or éach,, form
bei ng arecanipgdodsofthe oter blagk.r boundary portions together define a =
substantially continuous boundary for formng the concrete. 29. A building
portion including the nodul e of any one of clains 1 to 28 and.concrete. 30.
A | ocat fihgTad ExeeHe ol RIENE cleim 1 4n et "HePEIg PR A BFel 15
engage P}d;da;ti.ag §tasctoney K nodul e in use; and 10 a lead-in portion to |locate a
vertically adjacent like or sinmlar nodule in use. ‘ '

10 12, The.m'odule of any one of claims 1 to 11 further including two or more spaced beam

‘members supporting the panels.

13. The module of claim 12 wherein the beam members have a profiled crosé section including

a face which is arranged to form the 'concrete.l

14; The module of claim 12 or 13 wherein at least a portion of €ach proj'ecting structure spans

15 the space between the beam members.

15. The module of any one of claims 1 to 14 wherein each projectingvstructure terminates in a

- hook formation for keying into the concrete.

16. The modulé of an'y one of claims 1 to 15 wherein each. projecting structure defines a

sUppo_fting structure carrying a reinforcing bar.
20 17;. Tﬁe_ module of claim 16 wherein the 'étvjppqrting'.struéture includes a channel.
18. A pre-fabﬁcated fbrrﬁwérk module fbr é building portion; the modt‘J‘Ie ihcludihg:
‘a foﬁn defining a sQ_b,st_antiaIly cohtinuous boundary for fbrming conc‘;rete;*and

one or more projecting structures;



31. Alocating element as clained in claim30 wherein the engagenent
portion includes: a flange insertable to engage a formmork nodul e; and a

st op portwonrotimsbiosit the insertion of the flange. PCIAU20h@obsasat i ng
el ement of claim 31 wherein the lead-in portion and the stop portion are 15
respective sides of a triangular portion. 33. The |ocating elenment of claim
32 wherein the triangular portion is tubular. 34. A panel for a building
portion; the panel including: a boundary portion for form ng concrete, and
one or nore projecting structures projecting fromthe boundary, portion to
proj ect therrojecting sfroctures erairatingafiom dheef hawnay emeroiset infortee parcests pndydsfioindH

openi ngg@bﬁogﬁv’g@trﬁctfﬂe%r?h&fb&ﬁfﬁﬁﬂ{gyoar0 receive one or nore reinforcing
a |

bars. The pane I'm34 being at | east predom nantly
integrally fornmed of sheet material. ~36. The panel of claim34 or 35

wher ei n 1gNTHRAFeduROSHtctamh 18 whkhe tﬁé@@dpoﬁﬁlbefruabrellﬁcldﬁﬁ hepae@irel ative to the
boundary portien to formthe projecting structure. -37. The panel of clalm
36 including 5 an edge portion opposite the deflected edge portion; a
present 20i Dive swdfilece aaimwie: dr 19 ovietelire theosupperting shiuctergi and thd| raintanting har

def| qct %gmss'q%r& ¢ B4 dxroﬁg@ﬁﬁ'@ﬂfor&l Fhlsttafurh BAnPESRARL LT on surface to

receive tiron o ke adj acent panel wher eby the
presentation Surfaces of the adj acent panels substantially align. 10 38.

The panek. QbrearicRRr iSinvworidinBBuidfbr BOuRIngBRlc, thetrhiuleaf@idind1g VoI ds are
shaped for the panels to be forned fron1|nterleaved blanks
one or more forms defining a void for forming concrete; and

locating structure by whlch the module may be Iocated relative to a vertically adjacent like or

similar module.
1(.)‘ 22. The module _of claim 21 yvhere_in the vlocating structure in‘clu‘des'a IOcating’ element incluoing
~an e.ngegement"portion by which it is fixed relative _to the forms; and
'v a Iead-_-in portion to locate the vertically adjacent like or similar module.

23 The module of claim 21 or 22 wherein the forms are complementary to the forms of the like
_module when mounted atop the like module.

15 24. The module of any one of claims 21 to 23 mcludmg an inner form and an outer form, the

outer form at least partly encircling the inner form to define the void about the inner form.

' 25. The module of claim 24 wherein each of the forms is tubular whereby said defined void is

tubular. | o o » S L

26. The module of any one of claims 21 to A25"wher'ein a portion of one the forms projects AV
20 upwardly beyond another portion of the forms to form an inner edge of a concrete structure
above the other form portion. ' ’ ' ’

27. The module of any one of claims 21 to 26 including one or more reinforcing ,b_ars fixed in

posit'ion relative to the forms for transport and to reinforce the concrete.



39. The panel of clainms 34 to 38 wherein portions of the projecting
structures defining the receiving voids are shaped to carry a reinforcing
bar at a woedatsrsysned spaci ng fromthe boundary. 15 40pcThanpanebs2sof
clainms 34 to 39 wherein the portions of the projecting structures defining
the receiving voids are shaped to carry at least two reinforcing bars at at
Ieast two different predeterm ned spag' gngs fromthe boundary. 41. The
‘panel of clains 34 to 40 wherein each projecting structure defines a
supporting structure carryi ng a rei nf or ci ng bar. 20 42. The panel of claim
41 wher @8.nThetreodsiengi@ny ong okeaime 24 te 27 Whpigied lgpst ppgefdhe foras ingludes WGP of
bui | di nghofe &H-He|sdéﬁ&9ea‘%ﬂr5hé?n including installing one or nore nodul es of any
one of claims 1 to 28 at a building site to create at |east part of a
concrete formwrk structure; WO 2011/ 137496PCT/ AU2011/ 000525 38 filling
t he concr et einflode®adunsary poition end\bricorwedre ofthe pajeetingithuetiresyandie concrete to
cure. 44. A nmethod of building a building portion including installing the
modul e of any one of clains 21 to 28 at a building site to provide a .
f or mwor k st riset least pfesiomirtantiyiategratinfarmed ofshietimaterial; filling the concrete
formwrk structure with wet concrete; installing a'like nodule atop the
modul e. 45. The method of claim44 wherein the concrete is allo q v
| east® pHierRageisywitiny the+ 5 eseh.da Pring amanasdistel figt }S’SFPPB’PFa%'P‘HT‘@S fag téﬁ"’l i ng
the |i kaefifacidubstadtlali BontifbcusBokihgely fof forhigthedcbnerdée. or 45 i ncl uding | eavi ng
the nodule in place to 'protect the cured concrete during the life. of the
bui l din :

929 A bundlng portion including the module of any one of claims 1 to 28 and concrete.

30. Alocating element ’i"nc.:ludian |
an engagemé_nt portiop‘ configuréd'».to engage wifh a formwork modgle in use; and
10 alead-in portion to locate é.\./ertically adjacénf Ibike or similar rﬁodulé. in use.
31.A Iocétihg.‘e!eme'n_t as claimed in‘claim 30 Whgrein the’enga_gerﬁent bortioh includes:
a flange insertable to engage a formwork module; and
a st_dp portion t;o. limit the ihserfibn of thbevf,lan'g>e.

. 32. The "Iocéting element of claim 31 wherein the lead-in portion and the stop portion .ar'e .

15 respective sides of a triangular portion.
33 Thevloc.ating'elehent of claim 32 Wherein the friangular portion is tubular.
34; A banel for a.buildi.ng portién; the pane-l in?:!ﬁdi‘ng:. | |
a boundary po‘rtiqri fo’r forming conéréte, and

one or more prOJectlng structures projecting from the boundary portion to’ prOJect into the
20 concrete and defining one or more recelvmg v0|ds openmg outwardly from the boundary to

recelve one or more relnforcmg bars. .
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35. The panel 6f claim 34 being at least predominantly integrally formed of sheet material.

‘ 36 The panel.'of claim 34 or 35 wherein an edge ponion of the sheet material is deflected

relative to the boundary portion to form the projecting structure.

37. The panel of claim 36 including

an edge podion opposite the deflected edge portion;

a presentation surface outward from the concrete;

a region édjacer_\t the deflected edge portion recessed relative to the pre‘s_entétion surface to

" receive the‘opp'os_ite édge portion of a like adjacent panel Whereby the presentation surfaces of

the adjacent panels substantially align.

38. The panel of any one-of claims 34 to 37 wherein the receiving voids are shaped fdr the
panels to be formed from interleaved blanks. ' '

39. The panel of claims 34 to 38 wherein portions of -the projecting structures- defining - the

receiving voids are shaped to carry a reinforcing bar at a predétermined-spacing from the

_boundary.

- 40. The panel'of claims 34 to 39 wherein the portions of the projecting structures defi ning the

receiving voids are shaped to carry at least two relnforcmg bars at- at least two different -

predetermlned spacmgs from the boundary

41. The panel of clalms 34 to 40 wherein each prOJectmg structure defines a supportlng

structure carrymg a reinforcing bar.
42. The panel of claim 41 wherein the supporting structure includes a channe_l.

43. A méthod of building a building portion including

_installing one or more modules of any one of claims 1 to 28 ata building site to create at least . -

part of a concrete formwork structure;
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filling the concreté formWork étfucture wifh wet concrete;
a'|‘l'0\_/ving th_e covn.crete to cure.
44. A .m.ethod of building é building portion. iﬁcludjné

inétalling the module of any one of claims 21 to 28 at a building site to provide a formwork

structure for at least part of a building;

ﬁlling the concrete for_mWOrk structure With wet concréte;

“installing a_like'module atop the module. |

45. The method of claim 44 wherein the concrete is allowed to at least partially cure to

vstrengthen the buﬂdlng pomon before |nstal||ng the like module.”

46 The method of claim 43 44 or 45 mcludmg leaving the module in place to protect the cured -

- concrete durlng the life of the buﬂdlng



