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| NVENTI ON The present invention relates to the of pi 302
used to transfer |l oad froman above ground stru ure 0 _sub-surface pi I es.
In particular, 5 the invention relates to the for mat’ d?? of concr @teFpB! 03
caps using permanent formworKk. BACKGROUND OF THE | NVENTI ON Pi | e caps are
used to collect and transfer colunn | pads to a pile, or group of piles,
directly beneath the pile cap. INRROVED FORMMWQRISt anti al | oad t he pile cap
10 nust tk onsi derabl e size and strength, particularly
for multi sﬁggé?b di nggﬁﬂfp{?gﬁpl | es thensel ves may be driven or

cast-in-pl ace. TaneeﬂerﬂnmI/eanstreIamS do thet bodksrifotiont die pllercapsi asedfto

t I | i th I t of t f k about th
o1 o ousl SIS d0R D AL ABRYS BFOUTRESBPLE i SIORRETCH RiBacan RHBSMBher ot e
I's DOUSEd,théﬁﬁlvé‘r‘\tIdﬁf\@éla%& 4O thHr RrmAAbY Gf EShcret 'd’lg €305 Ulfg f?éfﬁ’\‘@rﬁé‘ntbe

stripped, ready or a further usage or storage, delaying the project
timeline. fomawpds. mwor k provi des a cl ean snooth surface agai nst which the

concrete i rt structure to maintain the rigidity
of the sur$%@ggmugﬁ%§i ﬁﬁ@&@ﬂ@g resist the hydrostatic pressure of

the wet concretRilagaps aré udld RO Wokect ditetraHEfer @BILFAN ISRIEID 4 ilk] BbgFoupof t en
mari ne pl ywoaod, or metal sheet. As discussed, the formmrk nust have a high

degree of ¢fiRjieai dijeetly kengath the pile sapnBecausepithersubstantial loaddtherile eapst r oy
the fLIIGCt'u%Usﬁ{IQ Efch] f&ret Bf 6 H&ﬁ@@l Sifd? ndTél tﬁ hgarfne{:fé‘é)WfB ' d;ﬂﬁ'f
must be of signi PP Cant 9 26 andowel 0 ac |eve quired’rigi

maki ng t hestoosyt buildings. drreppites thfamsledye‘sonaw@eIdrB&nmmasdm place. I n

preparation of he |le Ga bei our.ed e surfaces, of

P ormaock mist peOGHEhh PrRtutihal it €2 e ot df (EfiR I Pibs,,
grease so mewoﬁnmﬁ eplé&@n@ﬁfeﬂ &IRSSrahe f@ﬂﬂﬁvormoébdmnﬂwéMﬁrBVIbbﬁ%/SﬂkécﬁCe
of the formwrk. an alternatlvetothe di s- assenbl or mvor kK

it is possr%mf@rchsn%ta@fethietpﬁencan fercarifdPlerastheatanareie Iﬁd?rqw ang piawethent
fi f f
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be concerned Wi th € sur I ni sh and SO save
cost of a drstoasgendsigying thd erdjecthtimeline. 2 3 s ~P ~onr~ 2 2 6 FEB 2003

However, the co | ost, materials,is substanti.al due to

That the f or mof RedRETWREL PRMAS e eAn SPaeTL Sy ake GoEnstrh i PRESE B er o
pour of the pair@a, Bi dthictam siﬁEp’ért strietupé b InaTh & ﬁ"ién?i@ht?'dﬂ(ﬂh@sﬁﬁéé@ﬁhﬁor
the form ng of concret e pile caps that reduces the tinme in constructing

the pile c@pbra@ﬁw systene t@\?@$'§1 Ihet hidrostaticoprassuea obhewatreonsrefeeas it is
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| NVENT her I's an object of the |nvent| to provi
system t hat redukcedisthssadytthe fmrmmukunmstdmvte anhight degneel & rigidity tatersureduced

cost, as co are to th rior ef thelnv ti.on.provi des
for a syst e&fn% ‘%‘%ﬁﬂ'ﬂrﬂr WQ%HF CH*? oga;gpefHac%qn and Wé?rbf’gﬁ'ﬁﬂ Feap,
the systemgjactafsli MBhas,Pihe fariiworkf itdedf Mt kod B teignificdrit slﬂetimdﬁﬁvél%ﬂ
| appi ng nmeans wher ei n t'he | appi ng means are adapted for integrally bonding

wi t h adj aceafhievsr #i®rreauifed srigidity, making the cost and transport of the formwork
25 considerable.

In preparation of the pile cap being poured, each of the surfaces of the
formwork must be smeared with a water immiscible material such as oil or grease
so as to ensure the cured concrete doea{' not bond with the surface of the
formwork.

30 As an alternative to the dis-assembly of the formwork it is possible to leave
it in place and thus make the formwork a permanent fixture of the finished pile
cap. This has the advantage of not having to be concerned with the surface finish
of the pile.cap, and also saves the cost of a dis—éssembly of the formwork.

IR

*G00002*




15 Wi lst the invention relates specifically to pile caps) it mag3bgEp 2002
equal lly applicable to other structural concrete el enents, including beans
and colums. By bondi ng adjacent units, a formwrk system can created
fromthe formmrk units collectively assenbling a single) unit §F532003
structure. This s distinct from known |3er manent formwork systens which,
whil st they may be left in place) 20 do not of their own forma structural

gl egen'f( . evarotheoapsigoftinst lmaﬁ@niaig ippebsigatialtdue ?Wirammﬁma tbap may
Because oroffiuoth bilisssRetho| iRRGx A, Rietie Miithathd, AopREE RS o ARpS"

ext ensi ve.laie piteoyali ng the capacity to backfill prior to the curing of the

pile cap, the present invention 25 provides a significant tine saving over
convent i onal syEiusydhe pfoblem exists ke fiadisosisiemt fopthe ferming«rftqonerete mile

f or mwoigk | f f i 0 e r teis
an oxt Loy Schanre ez therin 16 EbA S GAS o8 REHFE o BB Svara L
readi | y j ocorestruintion of the prajettheithotieinstiringdargepeusts tiretigh éosd dfemateiriais. Wi t h
concrete. n ' t ing 30 neans may be the reinforcenent of

t he uni ts’g&n‘\?km&}ﬁ@?m{&@@l@ﬁf of adjacent units being |apped prior to
infilling, to fpR&Reforal RS AnrdHjBEtATeRs!| i S1&h
preferred enbodi nent, the fgr m}vor K uﬁ?{fﬁ@ﬂﬁ?ﬁ%ﬁp%\{ldﬁ’%g‘fgﬁgw?gk %()r i m]r%tdi ate
use. Alt erfesiiceslthe totabconstivasion timetof anpile Gap,fatrareatiticedacost~a8cemparedZooz

329g B 20 tory environnment ahead of the expected use, and
transpﬁdrzt eﬁ’@% érﬁ?ea%hen needed. Concrete has the advantage of being easily

moul ded i n bot hThefedoiter thie amebrionSprogidestfofki SYtersfglefnidneh Yoriavak ot abl e
reusabl e ul ds. . Bei E%dl n unit form each nould can be relatively small, as

conpar ed wieh CRRNGBLRAFORETEIE PR §aPs the system icludingrp plurality; ofcformpork n a
referred e ; : i : j kA

Pupes. of udnee e hits hiGhg IBineary Wit Helpind fldahp dipStsbld e

havi ng a dindegrally boodby withiadjadeanp farmwdrk unitér ast ruct ure of noul ds and t he

i ke be limgte that t.he establishnen ost., of creagting the formwrk
systemBit ot N e, BRERIAT BHHER <cRAfEA 0ty alE AR AUV g
functi onal izppliedisle & ptheratitdctiinl comcra® Slefiedts ihddRgstm®ahd dolignhd.ni te

nunber of shapes may consist of a straight section and a corner section. It

is the case thaBy bRoding adiacaptcHnitsca dermwedkasysier) cande geaatad;ftamthe of

structural t S i Ll 1 Th 'Rﬁ% t

el enent, i rf@: UQI ﬁgﬁg?s{)lei)lé&éggwcgﬁ%ﬂﬁ (9? 'I?Jre |%1 H‘g‘%rxjeé r(:o i h;ﬁ[h?é’o% %‘% ﬁ’éft
strai ght arfbrnod&noen perapnentffioinsworkasyisteras Mshicte vehitsbitipyt nelyape lefl iompades
suffi c'?«ant 0 _def a regcti ar, s the use of a corner unit provides

. |
for an§°l oo B9t %fttﬁg'ﬁé’m r égﬁf‘ﬁté"n?ﬁ?gmﬁ?l‘k system due to a discontinuity

of the formwork.THUY, TellGwiRgefrer besdiRgReEsRthe fBriHRoHe awdt il chpanbpbewnor k
systemkit 20 nay be restricted to a finite nunber of sizes. In_structural

desi gn, it backfiledvawith $re sebiqasisapeingiresisted: by thefargivaerkisystrin oggcaure efse
of a syste fo L LB NSI0AS e U I G I-n acjat ed
uth apply g s B HRL G CER e Rinalind of 10 tonpRfe S08KCRENETBY AETARS]

el i m nat e cthepeapamitlyitoybackditil prior toi thei curingoobitex pile Taps thé presentZdBvention
determpati on 'OC{gﬁt he. aﬁgzr?o%i ate size for a bﬁan%l co]kurm) wal |l or pile
caps, Viven RT'C55 5 BEFIMEPR" YiNPSHAY B POYPRHP AT &SIEPSf unctional ity, the
next size up, or|dgWrefsrréderfBSEMERY d?&he ihVéntish, IAkefor@lorRurits mal ancy .
This conpatibility permts the use of a finite nunber of appropriately size

units. | n afopmedefrogy reiffiergede RENCretRe m@pbeﬁ? qeagreteiif andextreyAelyoChRARli ng
30 adj t . Py 2D L -
“ncor por at | Mot piovibborEer bR Reln M P SdF 8haif foffbd BY infiling the

space defi nimerstitiel ppaces detweean theeunitowithmeohcmité | 1behisncas@ottad éapping hi n
t he concrete nass. Subject to proper. surface treatpent,. Qf the uynits, th
f or mvor 40 sy BteaRSInEY 8 BiecseioieTheRs ot the Upits, with thegeinforsesiemtdt aasent

become an i ghggbalinguBpped Priok 0 Hﬁﬂ&rc];,cf&ﬁiﬁh@si%le’sRaf?ﬁffo?ééd)aoﬁ’é’réiélgtr@émié?kage
of the concrete during the curing phase. In a nore preferred enbodi nent)

t he | appi ng nean#n @emoremreteread aothedimento e frmworkeupits enayape formedon-

af orenenti oned srei.nforcenent 'that is.directe © .
site {or imme la{ge use. ernastlve'ly, etﬁe t%rmwork units may be formed in a



5 inwards is actually |l apped with the reinforcenent of the pile cap, then a
structural bond, able to transfer significant Toads may be creat 3(:3.88?18,0@&
to the correct stress devel opnent | engths being established, the formwrk
system and the pile cap may be a conposite structure, and making
efficient the design by maxim zing the #se of materials. 10 DES&QIIEB%%%PU&:
PREFERRED EMBODI MENT It will be convenient to further describe the present
i nvent i on fagtory eosiperanenb ahked anfctiveparyectgd drseni angs trankpatied It wster athen
possi bl e arrangepents .of the invention. her arrangements of .tie_invention
are possi &egﬁgﬁd?5%@8@80[1%ﬁl%/,adi’ﬂ@aﬁﬁrqf%?lpgrqaﬂ}y ﬁoﬂﬁ@d 48 e @ngﬁcﬁﬁy
drawi ngs ighdnon-site teatBaehirethyhalingSaRaabRAdIGabRen@Rey. Adihy iPlinkthe
precedi ng description of the invention.” Figure 1 is a perspective view of
the strai dBtMieA¢RBIONIdiARR befrelativetyosmalbr &6 sgmparad withdhe noylding of large
perspegti i 0, .ner. formwrk unit of the formwrk system of

5 sg%l\ébﬁ'ga §uc%b$$s 8351!% d'arp

Fi gure 1. e plan’view of the inproved formwrk system

accordi ng to tHa ppesfentdiembodinmmt, fFiegerhay besa Rit of dbindRon @vitsA-whepéint he

f or mwor k sgstem of Figure 3. Figures 1 and 2 show the formmrk units of the
present ir 841/?%06@?'??9%% ther kit gprformrtmafinitapumber ghahapes. &y haying a

f or mnvor k ! ; |t | J f l

ext ensi on;m(b) reﬁgﬁﬁéﬁs}%gj&lf 3@#@% (?P@‘\e{'%\:@sﬁ'?cgﬁgr?gc‘é?m\%ﬁi éc'ﬁdqﬂigﬁgggh%% bt()aond
adj acent Jimited sogbahthe establishmentbostuof trehtigg ke dbimworssydtemskiboitld |

whi ch,, when assenbled as the for rk systemit functjons_as..ln.Y

conbi Nk | O|HVW€Q‘P t Yo %eFOU?Ha{g%AA‘?e%eﬁ | I\Sf‘trb%ltngm?_‘h%%aﬁ%“of‘ﬁgtyf Ao k
units can &splkebfieg.ed to formany rectilinear shape. In addition to the

finite nunber of 30 unit shapes, each shape is limted to a discrete nunber
of sizes. Thus, nmereprefegrd qmbedimany, tedfiniteonuember okshanes BrRY T0siEhPt 900

d 120 : | : k J i i,y 400
™ 200 1208 SFEoH(38clieh 6l 4ebinh HEigAURle IENIA hE0SIcRoR A ol <00
fol l ows, hfestues) theovast thajority-ofFstnmtarsd didrfianis ave mctiimekrdinsstedpeam Thus, f or

t onj d i ts, t f i i be | ; dto,, t
cpect 118 deRERS T SIFmBY. INdHanG A ple 528 SAp iR IS 1S & e BbBRORY and
shaped noubflss st S3d &sner ReRipRAIWnise dotidyAliyC 3 |s)(:)aig§|'get§|§ag@llﬁl&$e%| !

be 5 constructed fromsteel, for durability, stréngth, anc a | esser
extent) t heuHisiantity dedinerameefilinear shapeothef vse of aucwnier oiniteprovidesifer BOYbI es

fromthe c r i Ol | i . . I 1,ONS
of the T or ta B Sistiet Wi ROtte BimeBRREPeRE i d I 8iuARALIPbr BRADKAROHETS
formwork units flormest préfbrredaeimbotimentethe taitsavithin dhe tfoanwpdk siystent kit

moul ds_.to site, can be

e, nede at. an ime. Jt 10 follows that, subject to
bei ng 2 | e PR B@irﬁﬁtr'_ﬁﬁ%’;tot%ﬁg‘ﬁ%&"ﬁ)&ﬁI°(§§‘Zﬁ5t in use) the convenience of
having a readil ypagglib@phle daaRflr tand REHHAMA! iRt AithURRE! @8sigh
concrete delivered to site, plus the saving in transport costs woul d wei

heavi | y on mefhedalpayhibeuuse of ansystem of starslerd dimensiensr Ehisealinyvs daieest
Figures 3 4 S . f Qr I j I

Shape) - comr il Spreddte A AbtyRE BEauPET eRBeRentd dhd SRERRE Boieen
uni ts al ongrbjeetsharid ¢o eintinateandmipatibilioo pretiemsi wWithif, a gordjextr Thusdinnthet he

i nf t 9 of th il .. The f k its 1 4 | d
oquenPBal 1P BRMPRECR L Tee ebrgrinto Siraiol Sheam aPaR R, VLRI G %t
of ‘one uni t{hg AGbRHABKLERE! hadbebr BalblBIéd 6r AlrctibRbity pase néxbelxean, ohe

units, the reinforcenent is |apped for 20 i ength. The interstitial
space is thdownmas Ithedcade mavkes evd, bei selected: farhefficiemsy. This compatibility

permits the use of a finite number of appropri‘é\tely size units.
in a preferred embodiment, the lapping means, in addition to bonding
30 adjacent formwork units, may also bond with the pile cap. By incorporating the
reinforcement of the units to also project inwards to the space defining the pile
cap, said reinforcement will be incorporated within the concrete mass. Subject to
proper surface treatment of the units, the formwork syétem and pile cap may then



of pouring the pile cap, or prior to this. Being a substantially |ess

vol ume of concrete, as conpared to the pile cap, the interstitial 23 SEPe 1002
will cure at a nmuch faster rate Also, as the interstitial concrete need

only be functional for a short period, up to the curing of the pil e2cPEB 2003
normal concerns for rapid curing which 11 25 affect the long termquality
of the concrete need not be foll owed. Hence) well before the pile cap is
capabl e oPefeRiesan fgtensaldénihsmiimizing sracking (or IseRaraliprt dunng SokNkage of, t he

f or mvor k wé&‘g@%ﬁf%d% 'ﬂyeegltlﬁ@ Eja%'%?ent strength to protect the pile cap

from danmage; us speed ‘ruction process. ~~SEP 2002 26

FEB 200 THE CLA IdEmbDEd-pNfbksed mbAdIEERt ANeAREDIAG €l By form/n prudaRg Nt
f or mvor k systemtgor the casting of a concrete pile cap, the system

i ncl udi ng PRNEI Withl they bde eap-milothe @feregrentisngdurainfermentythaiplsi digestedns
For otk AR R IRNECEEE FRE I Bfconfinfi ¥ e B BB, Boyd supkacen
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units are forned in a fac

nmed ory environnent renote fromthe pile cap. 5° The
per manent MaxiniBing tBe siserafaaalerigisng t o any one of the preceding clains

wher ei,n t t a6 | arts consisting of different
types 1@f ;Q?WLQMS%? @Eﬁﬁgﬁﬁmﬁﬁ'mr k system according to
cl ai m 5 wher ei nit Wik beygewenteriino tfarther desiribe fhenpreeentinvention vathagapect/.

The permanent formwrk system according to claim6 wherein the units are
‘either st‘Pai%taCGP"\P@PM@‘S QFﬁ“t"EQSBWhI‘I%b iistraie RASSiR AFRNGeN)RRMtepf the

accor di ng ithﬁi!i&i\.mgﬁh%ﬁgﬁ%ﬂgén'}@ﬁ% %‘; fhd ﬂﬁ/etn%ﬁsare‘;ﬁdé%it}lé g)ﬁ@[ ¥oh¥e é‘ﬂugi, te

nunber of sizes,. 9. permanent formark system according to any one of
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straight formwork unit 1 and the corner formwork unit 4. Each of the units have
25 prbjecting from the unit extensions of the respective reinforcement 2 and 5, which
is used to bond adjacent units together. The straight unit 1 generally resembles a
wall, which, when assembled as the formwork system it functions as. In
combination with the corner unit 4, generall;i’being f-shaped, the formwork units
can be selected to form any rectilinear shape. In addition to the finite number of
30 unit shapes, each shape is limited to a discrete number of sizes. Thus, the
straight unit 1 is available in lengths of 700 mm, 900 mm and 1200 mm, the
corner unit 4 of equal length legs is available in 400 mm, and unequal length
sizes being 500 mm x 600 mm and 900 mm x 1200 mm. It follows, however, for
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"10% U& () -1 ( "Aesmydingly, the units are formed using standard sized and shaped
moulds, which can be repeatedly used. Typically, these moulds will be
constructed from steel, for durability, strength, and to a lesser extent, the ability to
transmit vibration forces used to remove air bubbles from the concrete during
pouring. Depending on the number of applications of the formwork system for any
particular project, the decision to have the formwork units formed within a factory
environment, or transporting the moulds to site can be made at any time. It
follows that, subject to being able to being able to store moulds not in use, the
convenience of having a readily available labour and equipment and regular
supplies of concrete delivered to site, plus the saving in transport costs would
weigh heavily on forming the units an site, a short time before being needed.

10

Figures 3 and 4 show the formwork system assembled in a rectangular
shape, comprising five straight units 1 along the longer side, two straight units
along the shorter side, and four corner units 4, and surrounding the reinforcement
9 of the pile cap. The formwork units 1 and 4 are placed sequentially in the shape
desired, spaced by a distance equai to the length of one unit's reinforcement.
Thus in the interstitial space 8 between the units, the reinforcement is lapped for
its full length. The interstitial space is then infilled with concrete, either at the time
of pouring the pile cap, or prior to this. Being a substantially less volume of
concrete, as compared to the pile cap, the interstitial concrete will cure at a much

faster rate Also, as the interstitial concrete need only be functional for a short

15
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period, up to the curing of the pile cap, normal concerns for rapid curing which will
25 affect the long term quality of the concrete need not be followed. Hence, well
before the pile cap is capable of resisting loads as small as a soil loading from
backfilling, the formwork system has achieved sufficient strength to protect the

pile cap from damage, and thus speed the cohstruction process.
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1. A permanent formwork system for the casting of a concrete pile cap, the

system including a plurality of formwork units, said units having lapping means

wherein the lapping means are adapted for integrally bonding with adjacent
formwork units.

2. A permanent formwork system according to claim 1, wherein the formwork

units are formed from reinforced concrete.

3. A permanent formwork system according to claims 1 and 2 wherein the

formwork units are formed on a construction site encompassing the pile cap.

4. A permanent formwork system according to claims 1 and 2 wherein the

formwork units are formed in a factory environment remote from the pile cap.

5. The permanent formwork system according to any one of the preceding

claims wherein the formwork system includes a kit of parts consisting of different
types of formwork units.

6. The permanent formwork system according to claim 5 wherein the types of
units vary by a finite number of shapes.

7. The permanent formwork system according to claim 6 wherein the units
are ‘either straight or corner units.

8. The permanent formwork system according to claim 5, 6 and 7 wherein the
types of units vary by a finite number of sizes.

9. The permanent formwork system according to any one of the preceding
claims wherein the lapping means further bonds with the pile cap.
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