;e3erno||}T~.6Tna t ocT aoo~ 1 CONSTRUCTI ON SYSTEM This application is a

di vi sional application of Singapore patent application no. 9801075-4, the
.contents of which are herein incorporated by cross-referengi §§& if¥ention
rel ates generally to a construction systemfor reinforced 5 concrete

mul ti-storey buildings and has been desi gned especially for high-rise
office or residential devel opmEIONSTRUCTIAGISTERSCri bed in that context.
However, it is .be appreciated that the invention has broader application
and may be advant¥$@pptcstionsisce divisiayak pplicatiomaftSingaporeypatent applisation

i ncluding | ' W g4l | | tes. Accardi ngl t he invention is not
limted to"?’\ﬁ\’gtgbi@@g? %”.‘%ﬁi”i‘?f‘%ﬁ%‘|‘$’é‘§ﬁi & hereln cngiated By o tstreBCPet o

in multi-storey The irliehtion prefated egbribraly @6 @r&ﬁ&iﬂbﬁig%fsfbrﬁg@ftr%ﬂﬁ&c%'

Previ ougl y high-rise buil dings were typically nade a st rame which
i ncl udeg a cpBfretatravltiviioreyr brildiags aoeh Eas dieatr desigeed bespeciallynfarrhighirise.
The advent cQns i hni ques using reinforced 15 concrete enabl ed
hi gh rise Sﬁﬁedf&zgéé%é'ﬁ@]c‘g%&%%% Zhd, %/\é?er‘é@stdéspﬂé?fj p'l“e&'%@?te)(t-

possi bl e, - NowevepnR d8ue e apbRitted agt 4RI fivefioh halobtdiie? ipliBhtor'3pd I 1

hi gh-ri se constructions. In e construction o ig I'Ngs usli ng
rei nf or ced M&h deeBdvaatagepuslywhsedth insany gypel ofy muti-storéy buildings rinoleding.
provi des t requj i.f.fness to,prevent 20 sheeri.ng at the footings

t hrough tws ?ﬁg %[F(?ﬂﬂ@%h?pﬁﬁ?ﬁg “eorglﬂgiy"%%W&F‘F'?gc'ésﬂohﬂmﬁgdj %%ﬁtorm
or conv@nt partRuldradplibgtiérechni ques and as it is constructed, the individual

floor structures are also cast in situ and extend out fromthe core. On
‘conpl etion of tABewss eliseintoseed sontretddn muiltiditorgy buildingsy prosided wainkjdrs

bui | di g whiarReuBE BEMsrEREY Bapiousty hiparivg buRnGsweph BiRisallamAde s
usual |y mafienf Boseal h‘bﬁié(mﬁl’ﬁcrgﬁm%ﬁﬁsbé 'gbt#{\m?@‘?%rﬁ?@‘fwrﬁrﬁﬁ %’ Pﬂ‘%?

i ndividual floor structures of the buildin recognise
bei ng abl eblogskntensituationhe Tenstdvect iafnconstriction fachigleess Wt nbinfdreeast

2B ST I A TR o 3 doven s
const ruct i geviol@he pbs&iBfe. AR é"c@h@éq&&l?céﬁ}é@ﬂén{c%ﬂ é’drfc?%:fésﬁdnéxﬂ é@@@ﬁ@éj&”?s

Si ngapore application no. 980107/5-4, to I's application

t o provi deusechinvhigbrriser cartstristi@®00026443' 2 1 OC ~~~~ 2 technique for
rei nforced concy el e nmul tti -gt O[S’Ei‘ﬂ' q]lji,l di nﬁé A particular aimof that

i nvention is toMf {lﬁ?r‘fﬂﬂas RUGHOR G $HGN1ESS SHIRgR disingrEeinforersl coneReivta Bgrean
t he qual i tywhih I GhBd; r Qu £l | Gi: apd
cost-effective Ftsgt? ngtgggg%gpsﬁgﬁqﬂo@%ﬁﬁﬁ %@ﬁ"ﬁ'{é{%%ﬁ%ﬁ% pprevent
appl i @& i oshgering alethecfontingo throfigh twistiagrofthé maildingu! The Sbrs /Y uduallydbg
including the steps of; casting in situ a reinforced concrete perineter
wal I, pr ov'i‘?j'i‘%”’BBefea?toﬁ ?ﬂ@ﬁﬁﬁ?"@'o%ﬂﬂlﬂeatﬁph@!qnﬁmwds% iicisueansiugtiest dhe
‘reinforce [ i oneGr | ums i thin
he. per| non oM leof SrBMiecate JEa st ASAL' A bRE AR RS B8 eiR: dha

est abl i shi¢anpletionafethe wriusostereyshef tirabmildingf eHanpafimer Wallvis dHataléd oor
structure ,of the bui Iditggprhi s construction nethod has substanti al

practi cal %%W&Pf‘t@}a?w gysudng finished fremnibe edarieeafthe buidiagnaith doei on

cycl e o : i . Qf -shte nstructipn required. In
addi ¢ Con, oo 4l Safaulny TS Bericters) hal D uPUtl) el fui 8 WoOERL L) o
the si nul tglasowonstrostionicaridis Guppetiedpby HieOiRIvidda Abot Nerfadiledi B0 thé N a
parti cul arlLﬁl,dB{*ffe”ed form the perinmeter wall is fornmed using a slip-form

or jurrp-fd? ting technique. This has the advantage that it enables the
perimeter wall : i t.hout ,t he need f ext ernal. scaf fol di ng.
Nbr eover, becauﬂsgS @?II{}%Q&@%@@ ﬁ%t}%ﬁ'_ﬁ% a??#%@? 8%!8’"%93{?&9,5@&53{*9'? _gmﬁ/\}éff"k 20
system t fprowiieustibsthnfialnéssti SN ARDrdifghi et veld cbﬁtgﬁﬂﬁé.tﬁm & rbdne
mnimsed. In particular, the external wall "¢can nerely be skimcoated and
pai nt 88 siGRRstiglon Jechminues fnopiovisen marki efficieat systearhs suhithominifises the

el imnate g .qQn.of external scaffolding for finishing work since
plasteri n}@?@ﬁ@(ﬁi%@%lﬁpg%l | is not necessary. In that arrangenent, the
finishing work maraiRe of ahé! fdeRitn MiscdiSddP in co-pending Singapore application

no. 9801075-4, to which this application relates, is to provide a new construction
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25 gondol as suspended fromthe roof foll ow ng conpletion of the structure
of the building. The concrete slab which conpletes the floor structure of
the individual storeys of the building may be cast on-site o f@0fedif om
precast elements. In a particularly prefefred formof the invention

descri bed above, the concrete slab is 304ornmed froma conbi nati on of
precast el emehnigueifohreinforséd conérete! niitdateigy Bliiliingshi A PridMee 38R of that
preferably the beans, the precast elenents and the cast 1n situ topping
form a nondNYeMHIQD iste irepave thercomstrustign cydle timeowitheutrimpactiagioncthedpmliot h

Lo ihe” 9 SfBliGing ffoly 6RTRING otk arhGiabCind Colleniie togopausne |
bei ng formed i n THe invertioAtdibeiassd AR Altsted Sp iibﬁrﬁ‘évﬂé%"g’mgﬁgtd of

advant age of the invention disclosed in the above application Is
enabl es®t he&ossHueting b sulicietayu bulldingoincluding the stepsep obsting timesitu a

bui | di . LA j i ph | [1 i i d f
The const r (ETTIGBdF CORECRTT R imPRF, BEN SHiBlRing Saresnst iiopnal st besiod
pr ecast reimémbewlin@mmrﬁgfﬁﬁed‘a%k Héiﬂﬁ:rcé@icéhc:%'i@cﬁ%ﬁ&éﬁ%ﬁeﬁ%ﬁﬁ%@é‘@ﬁfﬁ@ a

plurality of storeys of the building, are then [ocate I'et er
wal | and t K@nBEaiescalyang osithin dhedparimptesdwalt,r andestippostiriy tves balaerg ohhihe

installed : | oor st t.ures of the buil ding are then

conpl et ed %@bu{%ﬂé c&ﬁﬂﬁg% igng 8§tag’ﬁ?c]7'@9§ Gonerele ﬁi&&b oyer ¢ %e@msf tpderms@er ey
and wot§i ngndividaabfioor daietreadt e ?agg‘ngf the precast reinforced concrete
colums include_spaced apart reinforced concrete el enments which are

i nterconnect ed His ceastruationf metrarkhas substasdial phacticanberéfits C dnupansic@lae

iti d fl t t 5 of the buildi ' t ted t
Gt end bt HB8ne e sepdleghiife thBaelan crkiaties Rimimess brampac

i nvention ipy-die Gl el ced tp.C f d
ot hod whi o e Paaarforon, RGARRL 1R AORGR! oeRRSLE | e RictBl RaL el
descri bed &gmwbesAre@reaasthidenabksAbeminiuighgous tengiruetiontofimiieplel St6reys
rel atei to “'Ee{ﬁc' t reinforced concrete colum unit for use in a

mul ti - ?orgg i "?‘%, the colum unit including a plurality of aligned
rei nforced concygt , t i M eel.

rei nf orcenent tLﬁtéi@ﬁ[ﬁ?ﬁﬁLﬁtﬁgﬁr gﬁﬁﬁ t ée)%tjér}:??é{%ﬁéﬁéit'gr'%’g'ﬁ%gcﬁg'ngh@
el ement s i Blipfapaoejuinapdorm casting techique. Wikisdhas theead €aagé et iebAaBIRES

formthe cglum for a %ﬁ respectiyve storey of the building and wherein the
spaci ng beﬁ'\'ﬁe@ﬁ”mﬁt%rc}é’ fo ‘grmtrHPWi wéBout i negdelesppdernal |ssaffolding.
structure MarBBvérONsHcaush el 58 VERGof finkH gg&ﬁ%%ﬂwt@mpff@g@ﬁogﬁ{go&he

precast colum is adapted to recelive the ed

pr ecas?0 beaystermn¢héd aamount iof Gnisttig estyuiredftorthe ek isafubiskentldll9 Ahinfrhisedt Upe-
30 In a particu arh}/ pr fer{ed form the concrete colum is adapted to
receive anBa"st'ﬁH{%'r & exiqipal Wall Gan Fariply wet skim-contedaandqraimted sinee the

‘adj acent e r C .of this aspect of the
i nvention %@?ﬁa@@éﬁgéﬁgﬁﬁﬁgo éo%@??@c%teof?égg%]mg?iﬁsaﬁﬂ 8'ipe|‘Fﬁ°Bf°fa
beam bet weexteat)| avaffolding fomenivhinhombrkr sifgé pladeny of W dRENAEWMES ripich
as splice sleeves or the like to 1 OCT 200a 4 continue the

2
r ei nf or cenBHtESSANG {MdNalupmaRERMeBl. dhe finishing work neec be afartied qut dyeusing
i tel , f j t_inter ti dj
conor ate. JEdoIEE SisBBliiod o Inb HoB IHREHES carioBlPR St o ke 6 Bhe veen

t he col unmbailding.he fl oor structure. 5 In yet a further aspect, the present
invention rel at_Es to a nethod of form n% a structural joint between a
precast rei nfor LBRY ConeEstet dabovhieh epapletes dbadtoarestnicturss oof dhecindividuzeam

h h i i aley f. (i) P i di i nf d
concr ot o ciPREVS N8 uiRioy BRG K Castioh-ile S ORGA e Trage et omenis. i
whi ch ar e patitilafy prefrcdnRimvbrt et ih@eﬁﬂidr?ﬁeé&ib‘éoeﬁﬁa% e"SortrsiResad igbove

the second el ement, the el enments being precast wth stéel reinforcenen
that B9 cdeimaddimeneembinatios afmrecasicelements withez tcast resiel eoppihg. iWitia

d i bet th dj t el ts; (ii
orovi di ng 0is ARG BRE: Bty B ABarBe i Brachit oidsnie arsl e castin et | ng
a region abpping fXmeawiokimiL | hruclifre9PreféBly, the floor structure includes both

top and bottom steel reinforcement with the top reinforcement being formed in the



(iv) nmaking a structural joint by casting concrete into the gap so as to

forma unitary structure between the columm elenents and the or each beam
Preferably each beamis supported at an edge regi on of an gﬂpper iuﬁ@ce of
the second element. Preferably, the edge region is recesse ﬂoGS o] e a

seat or 20 cket for receivi ng{ the beam 3l n one formthe steel

rei nforcen&ﬁﬁcﬁi‘?erteeﬂﬁ’&ctﬁﬂﬁ tthe fhetiamandreisteaseementnbeing dstraedisin  the

entirely tlﬂﬁ@é%kﬂb%aﬁ?é‘%ﬁﬁgldb%gi on of the elenents which is adjacent to the
recessed edge region o he 'sécond el enent. In another form at |east sone

f the reinforcdsementsh vBRtior Wi i t
of the reinforc néished dbolvar QH%Mﬁ%@&ftﬁ@%@ﬂ’{lo@léé{l;b%@f@nt ehde |

| east one of ghe,beans i ncl udes exposed r'el nf orcenen
recess on PBR&EELAY isnthat ieanablesgbei simultaneous ensaaetionef eniitisleséterys of

i nf I £ h I t f th I tends th h
the edoe r ot SuTEREE° ML AeatekinSal (R araripharawen ds tetaini assose ofoihes
0 that t heoesituction ebe edrhaDh SrddifrRObFR BIMET SEEboRER Lhe feam

is 30 located in position. In a particularly preterre
r ei nf or cenBRRCTEIR EplkBINR ol aré coefigumeat to oltehd @vep bUSTriY; 8NSord iy GUBR a

central pagt; t ecess an erein the reinforcement fromthe ‘beamis
of f set pzbéﬂcgé% g'geoﬁ‘e%‘ ?’P@fﬁf{jwmﬁbﬁﬁ gegmeterewal andstheakearss ens wositiomat
there is nat pRefctarehii ; i A1Q0 k0 § . Preferably the be

forms part of a f?@pégt%g?ﬁr%eé]gﬁ@lt%'eﬁ?"rlé&gc&ﬁ%ms' sT'é%ﬁPgr %%‘é‘t‘tufeﬁ %’ﬁ?@
over tHe obuikliog abe fhemndmipietedifoetiesplasslity of biorejd bybﬁaﬁiﬂgvzﬁ%@ ’iﬁwér?rp]%st

her ei nafteétopﬁfgw'jbe Enbodi nents of the invention with reférence to
“acconpanyi ng dr aWr Ag¥IINGURATEY - be understood that the particularity of

‘'t hese draw ngs passe i road description of th
invention. In the dl;é;\% r?ggﬁﬁgﬁgi%é%%t%ﬁggge?%ﬂ%gﬁes?(ﬁ'ﬂ@st'PgHﬂﬁg“pﬁpﬁ of
a bui | di ng@Pditle reinfercedr deoruretsi t blefents NWeRichONareFi BiéRoANESeAN BY ¥Rl 0N
view of a I%g{f Fn f] gor arranlgemant for the building of Figure 1 and

i |lustrati §°e96‘3%'? - dBrisee e cancrvie Gallmnsamopasitigned aad thefleor sttictuhe
presents i nyfemthd obyi Fi.g L i ction of a floor structure
of the building of ’dé?%u'?ee??ﬁéfégtgg ?ﬂ%iﬂ%@g’@@&df 5 TRRGHIE goprrede
precast bedlgmesitsirm joi nt of the building of Figure 1; Figure 5 is an

el evation view pf the joint of Figure 4, Figure 6 is a detailed plan view
of a second prdcAGAMHEANERIEERA YPAtiorfs f provdde s prticagt osinfirged eofcrete

Figure 7 iglannadyadih | f e.]:0] f.EFlgure 6; Eiqure 8 is a
detail plan view of a ﬁalii I?ﬁs e()gl\frJ}hE:Cl(i)l]I ‘Sr%ﬁéﬂ% %f't%;f 93{ RLIE Bt i g 167 upe dutle 1.
Fi gure 9 iapaye dgssvibedmoneirevtiond nidtlsog.oi nt of Figure 8, 25 Figure 10 is

detai Led pl an vj ew of ecast beamwall joint of the building of Figure
1: Fi Sﬁre 11 id’i‘%ﬁ?r&“&ﬁfaﬁﬁ‘a@%@% igventien reJatas tf amrgoast tnforcaylicendrdté s a

Ao | TR AP A, 58 e RS
oo of aligned reinforced concrete elements, the elements being precast with steel
reinforcement that is continuous through the unit and interconnects the eiements- in
a spaced apart relationship, wherein the respective elements form the column for a
25 respective storey of the building and wherein the spacing between adjacent
elements provides a gap to enable a floor structure to be constructed between the
adjacent elements.
Preferably the precast column is adapted to receive the edge region of at
least one precast beam, the beam being adapted to form part of the floor structure.
30 In a particularly preferred form, the concrete column is adapted to receive and
support a plurality of beams within the gap between the adjacent elements,
An advantage of the precast column of this aspect of the-invention is that it
enables the construction of a structural joint of a beam between adjacent columns

without requiring any coupling devices such as splice sleeves or the like to



30 Figure 13 is a detailed elevation view of the beam columm joint of
Figure 12. 2 1 OCT 2004 6 Figure 1 illustrates a typical stoiﬁyofar[airanqlg
plan for a high rise reinforced concrete building 10 which in el
illustrated enbodinent is for residenti aJJf apartnents. The building 10

i ncl ud ' |l 11 (ill ted | lid,|j 5 dift 12
ana st r CARnUEThE eRybergrt iy 8 aBleent ol ol M heofeter hE PR 2o
are cast ijfavéntion, i lREsBsbEPof BieNréipfdroBens YistefdBnnEREnd Hdjdddil ddhcratet her
i ncludes an internal |oad bearing structure which includes precast

r ei nf or cecEleBgbieiscandinuans threughihe sirugturaldoint farmedabelwesnibeaioplhnn angd
differenti eference Cl to Cl6). The colums are 10 adapted to
support tﬁgéﬁﬁggr&rg{g@ﬂécture to make up the individual storeys of the

bui I di Bg as wi lIh yat adfusites aegett) the presiet aventioh dvlatds 18 endtholl afSbrraings a
sectional view of the building over four storeys detailing the colum fl oor

arr angenerft SYUSERITal joiph Batween a; peecast reipforced tGaasFetensdugm andi @ Herask of
t he buil di i A4 el Si roughout the entire
bui | di ng er%gg%@e?hdgdcﬁtgc%on i B%ﬂ%éﬁ |O?lh§w§5t§€es§ps§5e'fir. nf or cement changes

t o accommydat e Proeiditngnaeprecasi oaitiforged ndogeardte rcobwrhnmasit atthdi Edlanmantunit

hei ghts. In additi an, fLhe cgnfi uration of the | oad bearing surfaces on the
col unms wi | | vAPGUEESEhiat AGd GRCOME etaaanismiic @raveaically afigacd migrtne first
structigre as w ' ' ' I

al i gngg t hr oughécl%?%t?lﬁceﬂegu ﬁjgﬁbgegnggg\?%qﬁ%raéréggﬁ?r%%mp%gbgﬁs}? e?%#%ﬁgfgg@%
concr et e col umprenastswith. steal réiefarbeément dhatdisf oontinueashthroligihmthaninit smans
three storeys af, the buil djng.and conprises three separate, el enents, each
desi gnat ed" 17. MAEOaHRHh (b6 SoSente Jhca FPasad 1 Ha MHaMEral PROVIS & 438, o

formrecesses vﬁgtﬁ,@egrtﬁe@gfg@ﬁgg@n@erﬁgpomdate a part of the floor 25
structure 15 so as to enable the floor structure to extend between the

adj acent diienerroviding at lersisonepreoast rainforcacheonarsiseledme el ements 17 of
t he cqkummy..yunit .each span_.between_adjacent,. fl oor structures 15 of the
bt 1 i ee T g RS e giBR e 1 R EReR Bh AR B eI A or cempnt 19 whi ch
i nterconngiys takingi 2eHaktRheTRtt Sy Edstind cbﬁcﬁeﬁe eoRBRr §4p abess tdbrmyail | st

the 30 illustrated units span three storeys, other sizes could be enpl oyed.
Each col unm uniyniiasy ghupiveel betwern terenldmaciemenisandheeneacvbaam. unit by

11 ust rated f ormeraRanf Sl Bl 15 6EP0knL 3t B GleRRER S Dbhaland &
coupl i ngs,thewstond ele@eht. CPrefe?dlfly, tﬁ@@&@@ﬁeﬁbﬁ@ﬁ@ceﬁs@@d s pvitevhsedt @r e
arran 8d to receive steel reinforcenent 18 ich protrudes fromthe upper

end 25V0f RQekel Rrdaralviothadieaddnt columm unit 16. A detailed sectional
e ot e 1ot i 45l S B FREOS e e °

precast beam precast pret€éensione

t oppi ng 2Zlefeatd appémis 2tiraly cthsdughn sidevtrandefiondsf tthe wimaus waichsis
toget her so . that the floor sfructure becones unitary. The floor structure
15 i ncl udigeRM todhedJeeersacpaga regin il the sesand Alewentt krenpthasiferaentnt

24. 1 0 1 Do A BF Mo BinfErslihenchubhifs BAOLOMMELALETGREENT 24 Torms part

of the 10 precast beam 2 ereas orce forns part of
the c@bt hoppi g @2e fBirguededstt ond,ofi theubtambeinchudesusxposeid ginfarcamenf

the colum unjt 16 an he joint between the coluym and the precast bpeans
20 whi ch (HPIFG @%%nqa sgatﬂ&%aé?q%a QfaczBg At beRMAN posiprer in fe cra%‘owﬁere
structure : T } AT i€l i i QU es
2 and b e pkel FifbReniorohistebfedR K THIBBALS df {Hes tbtifils | dubhdy
adapt ed t dheuginiiheoedgaratiign,fthe meinfprosment sixtteslirdp frogtthehipearaf is Fdsitidreaths

20 are arrange 0 _be supported on an upper end 31 of th | ement .17 of the

col urm unis it thaee i Bor Sty clen nul 1€ RelsER TeReREIIER I HEREN HOBFOM de

recesses 4geatéd # RAGRN. €9IN0BS parickiary Hréfefid@Nfork!, MY Wed feinforcement
interconnecting the elements of the column extends through a central part of the

recess and wherein the reinforcement from the beam is offset



-adapted to receive respective ones of the beans 20', 20". The steel

rei nforcenent 19 which extends across the adjacent elenents 17 to _
i nterconnect the elenents is positioned to extend through a cerzrab rreﬂi“ﬁn
"32 of the elenents thereby |eaving the egge regions 33 free to Jc F e e
respective beans. 25 The recesses 42, 43%are both of a height which is

appr oxi nat ioyn ehealenie bhehdaicth f aBeRNBnde thef thefAGd e BB @RI BNON

an upper bearjng surface 34 of the respective recesses 42, 43 and i s placed
on a thin PEFHIQRINGef the beasn.st in transfer of stresses. Furthernore the

bottomreinforc 4 of the beans ojegt out fromtheir respective ends
20 a1 m Ther ¢ BTEBraEY 486 beAG RERE AN &f £ oo Shuth& hbd Ruers B RotL Sahe
exposed engs M ei b E&&Rt : HYekags t he reinforcenent to
t he end of tﬁ%Stgﬁgﬁb&gtgﬁﬁrg@égggm ZOa@ﬁgEc{)tocat egéls'n position, the half

pl anks 21 are i Hswilll begonvenienptor herginaftes descdbe srobodiments of ¢hel frp@ntion
i nf b i it d i 21 (A 2004 | . Th t
{oppi ng. 229 (eeteect e aptmesanadireigs. nd Relh benendaRiand e thae

fl oor strughHicgiaritl 68Sthi c pi Clel eni | t he
recesses 49 ety SECIGRE GRANFRITGRES HPPPHISrEanCl; CpictepREl 4858 Lo
its | ower dagcrimionfofithe imdirdioent col um el ement 17. In this way, 5 a

unitary struct ugﬂe) is forned between the two colum elenents 17 and the
i nt er nedi at e f1 dbPeH@NIRYS e 15. Figures 6 and 7 illustrate a variation in

t he beggn col umEiRirgt1 Rf 5 Vaﬁ’ﬂn t b : : -

addi tional beam Zc%'ré 1e>%t%nszfgb§|?%%fe he C(ﬁ).‘gu#%ne e%%pa;@gqg%ggﬁg a%@%ﬁdtaf‘c‘%%ed
in the recwih the imdindioant to the beam 20' at right 10 angle to this beam
To accommodat e [:hi S %rﬁangemsnt, the recess 42 is increased. To nmintain

the strength of "tHEe Felemalien view ofrg selupnBoerarsangpment fosthe buildisg 42,
steel reingpF N agd ilﬁféh%flﬁgtp.tr@é FonkRge" ?ﬁ'ﬁﬁ u &éﬁt@oﬁﬁﬂgﬁﬁhﬁfﬁé}aé&e

steel reinforcenment 32 I's posttioned so as no o1n ere
pl acenent of thehprebeahimvéltion;20"' . 15 The joint of Figure 6 and 7 is

constrycted in fhe sane s,the joint of Figures 4 and 5 wth the
t oppi ny bei ng CEQU"? %t'ﬁ atmgéa et as aofa flger sifirtue olbe huilding einsiguee 17 t o

L2 e PR O R o RS e 6

el ement s 1Building béFipumeriete unit 16. 20 A further variation is illustrated
in Figures 8 an|c_j, 9 where the third beam 20~~~ i s again incorporated.
However in thi sFGFaRJERBRIeYHIOMWaOTdhe Bk kjgueaidini t h the col urms to

f T-shape pj 20 piBg i | bogL!
wner eas beas. 209§ B PERIE pi= Aty f ORetgt! ierSf BRI ERIBRASL
t he r &fessthétbuildirgnbbFigede tp accommodat e t he beanms 20' and 25 20"' and

r ei nf or cenent 3%_ is included to extend through the recess 42. Conpletion of
the floor strucFigHEe 18 anrlevalipn viewiaf dhe igink ofipeie®; bet ween the beans of

embodi ment's. | THERTS S5 & Reiel Bt stk & MR aeAebdlinSolt o M BRleibEer
perinmeter Fgute11l. 30 Figures 10 and 11 illustrate a detailed view of the

connection between the perineter wall 11 and the floor structure 15. The
wal | 11 i ncl udekighre 8deas elevatiancriewofihe joinleef FigureeBei ve the edge of the

peam 2 50,85 | BigBReabAs ik RePRLAYLR % BIEUBRE b8Em2NaR GIRPGH Bk BUIdiRG S 3°
of Figure 1; '
Figure 11 is an elevation view of the joint of Figure 10;
Figure 12 is a schematic plan view of an alternative joint detail of the beam
and column and perimeter wall of the building of Figure 1; and
30 Figure 13 is a detailed elevation view of the beam-column joint of

Figure 12.



2 1i;~~ 2a4 9 recess 38. In a simlar manner to the beam col um
connections di scussed above, the bottomreinforcenment 24 in the beam
protrudes fromthe end of the beam 20 and i ncl udes a wel ded ?Ihztg ?SZum‘ui ch
| ocates within the recess 38. Dry packing 40 is included on lﬂéar' g
surface 39 to ensure stress transfer. Thé5 perimeter wall 11 includes

ok ensure stress tran ] f
bt op 161 nf or copont rIMSIAES 2 RAC ey Trhing igfor EHER Y Rineda ©

t he concr eteonasgte ryildget® twhichsin uthgo ilhstriated csmbblinesitals Xor ofestdentil oor
structure 15. R@rt of this casting, concrete is cast into the recess 38
t her eby for?ﬁeﬂgiiﬁ nitary structure between the floor structure 15 and the

e o ot BB i Bl B 30 i

wal | 115 | riftdore 12rarahglairease wielel 3 alltafrwhich ake foremah froRfreihfordir] bendrete
proj ect OUt@'W'g—{ dly and upwardly beyond the ends 30 of the beam 20. Sim| ar

to the earl agheRiSAY Using 3 penp farpniarmvark sitstenic | ude recesses 42, 43

whi ch are f-orme - UPDPEN ‘ Lthe. ' 7.
ovever, i n ¢ i st PYIGIRERF fuRet ibifles; iF BRI e Dl S AT Wiricrt
supported dncludesbppsdast feinforces Shovéte hevltireheige whith higr theefliueiraasd
- laterally adjacent to the _colum recess 42, 43 with on!lg_ht he ext ensi on of

t he bot t om 9/BPediFIRM et diffetastiagfery by ihe referensedet t@2C16hi Jheocelumnsgaraent

al | ows 4ade I | i ng. o e

enabl i 38 t%ﬁ%sﬁﬁ%éﬁs%%ngbﬁ%@%%g?? g-hg@:%ug\? &%@&?@oﬁg&%?&”@ as
i'll ustrat echuitdirfy gs'wdll BE disdtissed irPmoreg8tdilbdibgur es 12 and 13, the bottom
feinforcenent 24 is offset froma centre of the beam 20. This is done to

ensure that as thiguednillustreiging ssclional yewi of dhei builiieg oxer &nut stoceysni t h

Focpect | ve TEARRG 456 LHURY oG A et sdtcdh e ERIRY sBktom s taken
supported ttAra@ard IrfidoheRjHepst ang saRiAR! dianGirited caliprm) staiduid8s St&R]

reinforcement 23 for the concrete topping is then erected. The beam 20 is
t hen cd@pl draughoné thep endiraf bridingnexpgpiachat i theupenfigurationc oft the ssterbn

Foint bet wdOERER et b0 RiccBypbint, Tl Fharbesn hdpadiodundicrteln | o
the earli ercohurndiatedifferent Hetghtak e haditibR2a e BBAMYIGRLE oF he (B8 bedring OCT

2004 ~o topping and the colum j oint thereby enabling the beans to be
supported priages @ e solumng el vane depandingt ore thaibeatin gonfigeration et the

walls 11 a I he internal lift core d staircase well 13 are
cast with §°§§k@ﬁﬁ¥%ﬁg W’Hl&’ﬁcﬁ %ﬁegf'”weﬁéﬁﬁgﬂo%_tion of the internal
floor gpructure.THY Icefurhie 28! é!igr@dcﬂfﬁféug'lﬁbﬁtotﬁéqBuﬂéﬁhgdaﬁ& Ur8Yforie® RORFASt
colums 16 are installed. The precast beans 20 are thén installed seating

on t he col praeastTrinfelcedrcasncretetaptumi sinits 6. clonthiedtiustraied Ifowat each colenral

pl anks 21 whi.ch ted t he. b 2 dth | nf d
Boncr et o pali s URER a8 ol i BipBRR coBtea doRimsePaal P 2551 0

o7 e oA e B ot b Ton i iher G874 [0
whol e bui | dontprivs recesses which are designed to accommodate a part of the floor
25  structure 15 so as to enable the floor structure fo extend between the adjacent
elements. With this construction, the respective elements 17 of the colﬂmn
unit 16 each span between adjacent floor structures 15 of the building.
Each column unit is precast with steel reinforcement 19 which
interconnects the adjacent elements 17. It is to be appreciated that whilst the
30 illustrated units span three storeys, other sizes could be employed.
Each column unit is adapted to be connected to its adjacent column unit by
interconnecting the steel reinforcement in the respective units. In the illustrated

form, the lower end 26 of the column unit 16 includes suitable couplings, such as



-conpl eted. The external walls are then finished with skimcoating and

pai nting usi ng gondol as suspended fromthe roof. The wi ndows are fixed from
within the building. No external scaffolding is required. 12 magﬁgnt age

of the construction systemaccording to the invention is tzh tey bl es
faster cycle tines by the use of precastfinternal |oad bearing nenbers.

Fur t her mor %PIié@QIe!é%és GhoP5IR6R8T whRhUafe ahhgedd fég:eW‘@te%l %ir\lf@licéglgpt)ﬁs

storeys of the building further increase the cyc times as 1t en es the
si mul t aneowhicforisetrudes drorof theukippet enst2f efsthef immediatelydiadiaceR® odlimnt her
advant age ﬁf.gmpreferred formof the invention is that the colum el enents
do not inc UE a corbal to support the beamand that their width is the

same as the prepagitafled SectidhalSvish ot thb rts%cﬁ{rs%sfsi iﬂEstPét%ElﬁﬁSFigﬁreée{s

enabl es_both the beam and the colum to share a linear precasting
moul d. Fur ehdrineludeseapresast beaint precest lpyetensionietiyhalhplamks @1 amah-aoeashif oi nt

detail which ' d .th truction tipe. Finally b
const ruct | AU CHBPRGI 2% | AN ORPINgs2: S -oas} siesity Al TindRdhe Wriausnparts

Ui i nat . . I . q | i na.
Iet | vru In? gztdt?%erstsggd t?\tgtéel\cl/ari gggég#%{e@at | oéngsl, WSQFf [ gg%mér&aﬁ@l‘l@wéﬂlgl "9

addi ti on mincludes bothotbpcsidel neinfarbement23 ramett bottoransteer sxlgforEsrhent 24.hén
parts prev

' ouslly 30 de crij ged Wi f hout departi _n? fromthe spirit or anbit of
the i nvent hﬁmar anﬁe@%‘%‘lﬂz jgue Ftheohottom memfaicrmenti24) fFrmsTipert ARthas
FOLL 1 | ' R '
mul 11+ 5 or RS F5R 200 WiHe e en i) TGt ol 4% 4" o et

T ei nf or cedtopping 22e el ements, the el enents being precast with steel
reinforcenent that is co:&i nuous through the 5 unit and interconnects the

elenents in a spEESS 43ar% liusirate vadaHConfiesralion ehiiercalpmeryrit1@ paddhe s
formthe cRiBhtiber the BRI URdThebidcdth b6 Wt BT84 Peblify

spaci ng between the adjacent enent’'s provi des a gap

structure sarface fooisé slabt 20obttiomuor stiveturgdjidcent el enents. 2. A precast
col urmléccordi n_c|1 to claim1l wherein the elenment |ocated 10 i nmmedi ately
bel ow $hi d gap THOINRdESt tapiher agangemests illwstatrst an dugdres daendohetwecess

adapted to [ pKBIC i_nf.or ced te.. | bei
rranged {2eRs A0 P26 B ENSLAETa SHTDR' G I8 Hnd Afoolf T t8R
“accordi ng owtwaerdlyrfréin \wippoeite shles| 2890 therajfority of the steel reinforcenent
extends through_a central region of the respective concrete 15 el enents and

wherein the or Eﬁ%kpqa_é’&%gg 316 Pr5rnged tadieatunnortesl oian spper @ndrdyiobihe 4. A
Precast SobuRaT%h Bl fofkicl, o1k UgpePad o e 51 hoflhed B3RHaaen
20 1o provide recesses 42, 43 at edge regions 33 of the element 17 which are
adapted to receive respective ones of the beams 20, 20" The steel
reinforcement 19 which extends across the adjacent elements 17 to interconnect
the elements is positioned to extend through a central region 32 of the elements
thereby leaving the edge regions 33 free to receive the respective beams.
25 The recesses 42, 43 are both of a height which is approximately equal to
the height of beams 20', 20". Each beam locates on an upper bearing surface 34
of the respective recesses 42, 43 and is placed on a thin mortar bed to assist in
transfer of stresses. Furthermore the bottom reinforcement 24 of the beams
project out from their respective ends 30 and in the illustrated arrangement, a
30 plate 35 is welded on to the exposed end of the steel reinforcement 24 to anchor
the reinforcement to the end of the beam.
Once the beams 20 are located in position, the half planks 21 are installed

on temporary props (not shown) and the upper reinforcement is positioned in



-5. A concrete colum according to any one of clains 1 to 4, wherein the 20

col umm i ncludes opposite distal ends, at |east one of the distal ends

i ncor porating exposed reinforcenent to enable the colum to m gepnmtied to
"a like colum. 6. A nethod of formng a gtructural j oi nt bet™ween a precast

rei nforced concrete columm and a precast®reinforced concrete beam the

met hod i nchigdbnNIThE &Cotchite t@Pbin?f’Zi iig tﬂ&rp}éh&i 0cOmPIEARE bRt HeBNESH the

concrete colum unit, the columi unit including first and 'second el enents
whi ch ar e celumrcand yhalflognstiusiwrd. tlheasting the lconerete bepping decemrstedisatast e

the second, el egent, the e t ein recast wt teel  reinforcepent
that 15 colft? riTBLLCEFFBsGtA fid. BRNGSEnPLBPEbIFIA3E Dhdhel W Solma
spaced apaplonfBHtner a@ itBISWbAEnd 3B (B RFAER RN ULABRNI7.ChPERE WSy, (11)
providing at | east one precast reinforced ' concrete beam (111 ocating a
regi on df ahenitaryesiriicthearis i forrnbd belweeanthd itwp oekinmy elementsct Urardd jtbe nt

by casting.concrete into,th so as to forma unitary structure between
the col um'r@?r@?ﬁcﬁ@'&e Sﬁrﬁ@?‘ﬁgaﬁ‘ach beam 2 1 ACT Zp04 12 7. A nethod

according to cl gj whe{ft ,gss,caq i f ib?'ﬁ)‘e‘? ce of
t he second el engbr%aré%. Adrargtr"tgo a%%g%d%%n?gqggge%%e%@e nt felsiggé%rg
surface of anthéb.sdndchib atrangeinens, arceldititchal beanv 20t extersdsafrohoithe e€ohirmng
and supportjn t | east, one 5 sagid beam 9. A nethod according to any one
of claims Blement %epiiiﬁ Wéfoaﬁge!acﬁb?ebr@&ﬁw 62%%&@@“&“@ beawr 20 @t it o
and whgy ei e astr {Kpﬁo . I I Ahi ch
I S cast ovgrr@tB hg&gﬁ%?gﬁn‘éean—w %%)80 neﬁgd{hg%g%rr%%mﬁ)t' gtrr]{z/a g%sees%fﬁéllﬁ?ns
6 to 9, whinceaseal Teasdintzhe tineshred§thi ofcthedeturahdelthe eniirged eneataled epdi ng
fromat |east, one end thereof and which_extends into the gap on. positioning
of that beB¥nthe fecessfid.[iiaelieirpiraments7cexiends drowgbihadeeasde. s s8R m

8, wherei n,st | ' ' t I fSt, a

ol emont o oXt e 11 268 FERALonBheS SR RERRRY 7 S e RS A

ext endi ng placentent obthebeamefd0§e€t0"f rom 15 a centre of the beamso as to be
spaced fromthe_reinforcement extending through the seat on positioning of

that beam 12. MhedeiRbat figedi Agdioiseansdivetest inctha rame way 28, tharelndioh ¢ he
beam i s | Opgf Ak 4arld'S wiRRnBYoBShEDetl Bst i t¥ eRe8SALAS) 4Y aRG HRBLR

pl ane.
the elements 17 to form the slab 25 of the floor structure 15 and to make the floor

structure 15, incorporating the beams 20/, 20" and 20", unitary with the adjacent
elements 17 of the concrete unit 186.

20 A further variation is illustrated in Figures 8 and 9 where the third beam 20"
is again incorporated. However in this arrangement the beams are configured
with the columns to form a T-shape with the beam 20" being aligned with the
column element 17 whereas beams 20' and 20" extend transverse to the column
element. Again, the recess 42 is enlarged to accommodate the beams 20' and

25 20" and reinforcement 37 is included to extend through the recess 42.
Completion of the floor structure and the construction of the joint befween the
beams of the column unit 16 is completed in a similar fashion as to the earlier
embodiments.

' The floor structure 15 is coupled to and supported by the perimeter wali 11.

30 Figures 10 and 11 iliustrate a detailed view of the connection between the
perimeter wall 11 and the floor structure 15. The wall 11 includes a recess 38
which is arranged fo receive the edge of the beam 20 so as to enable the

beam 20 to be supported on a bearing surface 39 formed at the base of the



<20 2 1 (ACT 2Q04 ABSTRACT CONSTRUCTI ON SYSTEM 5 The present invention
relates to a novel precast concrete colum 16 and an i nproved nethod of
maki ng a structural joint between a precast columm and beam ﬁh@béoEMHn 16
“includes a plurality of aligned reinforced concrete elements 17 which are
spaced apart and interconnected by steel “reinforcenent 19. The spacing

bet ween t hee@lisag@nt irekesRiiay RaAKLEaS megeeaﬁpcé@nw%@n@.eet.éﬁéxa‘scﬁsrseet ure

15 to be constructed between adj acent el enents . Figure 2 T 2d14
ya FI G 1above, theChatiemokiniesesTeIrk 2¢+in mﬁeam pmtmdSECiFonN ﬁécan‘si af~the1 F~
— EY1815 beam 20 and includes a welded plate 35 which locates within the recess 38. Dry
packing 40 is included on the bearing surface 39 to ensure stress transfér. The
5 perimeter wall 11 includes reinforcement 41 which projects into the recess 38 and
which forms paﬁ of the top reinforcement for the floor structure 15. To complete
the joint, the concrete topping is cast in situ so as to form the slab 27 of the floor
gtructure 15. As part of this casting, concrete is cast into the recess 38 thereby
forming a unitary structure between the floor structure 15 and the perimeter

10  wall 11.

o Figures 12 and 13 illustrate a variation on the joint detail between the
beams 20 and the precast columns 16 and cast in siftu wall 11. In this
arrangement, the bottom reinforcement 24 of the beams project outwardly and
upwardly beyond the ends 30 of the beam 20. Similar to the earlier embodiment,

15 the precast columns include recesses 42, 43 which are formed at the upper
end 31 of the respective column elements 17. However, in this arrangement, the
body of the precast beams are not supported on the bearing surfaces 33 of the
recesses. Rather they extend laterally adjacent to the column recess 42, 43 with
only the extension of the bottom reinforcement extending into the recess 42. This

20 arrangement allows adequate clearance to simplify the placement of the beams
by enabling the beams to be swung into position through a horizontal plane as
illustrated in Figure 12.

As can be seen in Figures 12 and 13, the bottom reinforcement 24 is offset
from a centre of the beam 20. This is done to ensure that as the beam is swung

25 into position it does not obstruct with the reinforcement 37 which extends through
a central region of the respective recesses 42, 43.

Once swung into position, the beams are supported temporarily by props
and scaffolding (not shown) and the steel reinforcement 23 for the concrete
topping is then erected. The beam 20 is then coupled to the top reinforcement by

30  stirrups 44. Concrete is then cast in situ to complete the floor structure and to
form the structural joint between the column and the floor in a similar manner as

described in the earlier embodiments. This makes the beams monolithic with the
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topping and the column joint thereby enabling the beams to be supported by the
columns.

In construction of the building, the perimeter walls 11 as well as the internal

lift core 12 and staircase well 13 are cast with a system jump form ahead of the

5 construction of the internal floor structure. After the wall is cast up to the third

storey, the precast columns 16 are installed. The precast beams 20 are then

installed seating on the columns. The floor structure is then completed by

locating the half planks 21 which are supported by the precast beams 20 and the

reinforced concrete perimeter wall 11. The cast in situ constructional topping 22

10 is then cast on top of the planks to complete the floor structure. Casting of the
wall and construction of the internal structures proceeds until the whole building is
completed. The external walls are then finished with skim coating and painting
using gondolas suspended from the roof. The windows are fixed from within the
building. No external scaffolding is required.

15 An advantage of the construction system according to the invention is that
it enables faster cycle times by the use of precast internal load bearing members.
Furthermore, the use of precast column units which span a plurality of storeys of
the building further increase the cycle times as it enables the simultaneous
construction of multiple storeys of the bui[ding.

20 A further advantage of a preferred form of the invention is that the column
elements do not include a corbal to support the beam and that their width is the
same as the precast beams. This simplifies the precasting process as it enables
both the beam and the column to share a linear precasting steel mould. Further
advantages are obtained by simplifying the column-beam joint detail which again

25  speeds up the construction time. Finally by constructing the walls in situ, using a

| system jump formwork system eliminates labour intensive and costly plastering
and external scaffolding. '

It will be understood that various altérations, modification and/or addition

may be introduced into the construction an arrangement of the parts previously

30  described without departing from the spirit or ambit of the invention.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1. A precast reinforced concrete column unit for use in a multi-storey building,

10

15

20

25

30

the column unit including a plurality of aligned reinforced concrete elements, the

elements being precast with steel reinforcement that is continuous through the

unit and interconnects the elements in a spaced apart relationship, wherein the
respective elements form the column of a respective storey of the building and

wherein the spacing between the adjacent elements provides a gap to enable a

floor structure to be constructed between the adjacent elements.

2. A precast column according to claim 1 wherein the element located

immediately below said gap includes an upper end which incorporates at least

one recess adapted to receive a precast reinforced concrete beam, said beam
being arranged to form part of said floor structure.

3. A precast column according to claim 2 wherein at least a majority of the

steel reinforcement extends through a central region of the respective concrete

elements and wherein the or each recess is located adjacent to said central
region.

4, A precast column according to either claim 2 or 3, wherein at least some of

the steel reinforcement extends through at least one of the recesses.

5. A concrete column according to any one of claims 1 to 4, wherein the

column includes opposite distal ends, at least one of the distal ends incorporating

exposed reinforcement to enable the column to be connected to a like column.

6. A method of forming a structural joint between a precast reinforced

concrete column and a precast reinforced concrete beam, the method including

the steps of:

(i) providing a precast reinforced concrete column unit, the column unit
including first and second elements which are vertically aligned with the
first element being disposed above the second element, the elements
being precast with steel reinforcement that is continuous through the unit
and interconnects the elements in a spaced apart manner to provide a gap
between the adjacent elements;

(i} providing at least one precast reinforced concrete beam;

(i)  locating a region of the or each beam in the gap; and

(iv) making a structural joint by casting concrete into the gap so as fo form a

unitary structure between the column elements and the or each beam.

7
8
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