WO 2007/114795 PCT/SG2007/000089 A METHOD AND SYSTEM TO
DESIGN A HOLLOW CORE CONCRETE PANEL FIELD OF INVENTION
5 The invention relates broadly to a method and system to design a hollow
wealeTpamekthat can be produced by a concrete extrusion npagisges7/606080

BACKGROUND OF INVENTION Hollow core wall panels are pre-cast
concrete membetsMIBTRHOToaNILSHS TbMsIe» IIBSEGRES to reduce weight
and, therefore, cAsHRISLOSNIE BBReAOMHREFESL davEdIso be used for
concealed electrical and mechanical runs. These panels are currently
‘produced by two basic manufacturing methods, the dry cast or extrusion
system, and the slip form method. In the dry cast or extrusion system, a

FIELL, K/ RSWENIHMMN oncrete is forced through an extrusion machine and the
cores are formed using augers or tubes, with concrete being t5

The dpypaeedelniss Repady doemetiod and s3strtrioeten s Raiginss Brosl that

congrete wherein the sides, are formed either with stationary, fixed forms
can be GROgRAbFH ESERE S THETRAGHRE, with the sides being sl formed.

The cores are formed with either lightweight aggregates fed through
tubes attached to the casting machine, pneumatic tubes anchored in a

BACﬁ%ﬁ%‘Eﬁ\E@ ?? W@ttached to the casting machine which slip form
the nb

cores. oth cases, the panels !o are cast on long line beds. The

PRBALSALGE RS ANEY LR (e BRPTQRIALE leRaiBdar hsn iR RISt LIS or

A properly designed mix proportion of the concrete can contribute to the

cores R1f6a88S Wiithepansl-bepvithsianding s Hikibe CoRUSIE can NEdRNSRY for

and uniformly compacted, this effort would further increase the stiffness

conceAdédNgepiinel . ditiadehitiancal deNSCTRARGRESIAINR GuieiBAFARIIIE by two basic

resistance of the wall against indentation, improves anchorages and
manufitersgiertibésdeislor easnok watasivapestene sistahe s ihennaaabd.
resulting in higher durability.

In the dry cast or extrusion system, a very low slump concrete is forced through an
exfrusion machine and the cores are formed using augers or tubes, with concrete being
compacted around the cores. The slip form method uses 2 higher slump concrete wherein the
sides are formed either with stationary, fixed forms or with forms attached to the machine,
with the sides being slip formed. The cores are formed with either lightweight aggregates fed
through tubes attached to the casting machine, pneumatic tubes anchored in a fixed form or
long tubes attached to the casting machine which slip form the cores. In both casés, the panels
are cast on long line beds. The panels are then saw-cut to the appropriate length for the
intended project. |

A properly designed mix proportion of the concrete can contribute to the stiffness of
the panel. Notwithstanding this, if the concrete can be densely and uniformly compacted, this
effort would further increase the stiffness of the panel. In addition, 2 denser concrete also

increases the resistance of the wall against indentation, improves anchorages and intensifies

the moisture and water vapour resistance of the panel, resulting i higher durability.
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| WO 2007/114795 PCT/SG2007/000089 Hollow core wall panels may be
considered to be optimally designed if they are light and the stiffness
against bending is large. Larger and more numbers of cores helps to
wHeREES1 48 Weight of panels but results in lower bending sti§Res§007/000080

Besides this, the number and diameter of cores in the panel also
niusncesethainplitOiifeRonsaR e wealbtammpaaeskhed Uttty are light
production, particularly in the extrusion method of production. Therefore,

and thetheffpespapabriaaiagmgfitergeinbepantdimore winbacreSds eriticlah toakduce
just for the cores themselves, but also for designing the extrusion

the weiglachinewhiduiprexitseis floevercbendim atifekio| Bestidee thia)l thanetsbdn and
the extrusion method of hollow core wall panel production, very low slump

diametdOofoncesto thapedisisthatfthenceribreabitibesiiint cotienstetahte melinesipacted
As good compaction is critical for very low slump concrete, the extrusion

during predivtienh pertiserosi dreerdicsisimgihod-dwerdiction mEheisire, dagrpper
compaction is also governed by the number and diameter of the cores.

selectionipd thepumber s HinseeisnPrermrics Bitierd agtdrsidatecerrrs fhemselves, but
dependent, among 15 other considerations, upon the resistance, of the

also for fevl EPHREhA ST ERRAR AR PMEhIERBIRMUSH S THRE RIRACt P HE TRl

thrust. For an effective forward thrust, a suitable auger blade height

should be used. In the same context, the effective compacted zone in the

anel also increases with an.increase in the number of augers and bla
g R S I LR R A

concretlg{gﬁs@df%%(ﬁg %ﬁ%ﬁ%ﬁ%&gﬁﬂaﬂ %%ﬁ%ﬁé %ﬁ%ggﬁ‘&o lﬁ@ . QM on is

assoclated problems. re are al erp constraints that have

critical B PEEOISIGIAHINEREHeSER of RSloERIERANSIRH PDeRE RRREISAMIngty.

be considered as a series of I-beams connected at the flange. Reducing

Howeviiealanagithickeasswvesithiefbe stirovaiohhed the s iRkiiy: WA eSHaAbRY: of

panels.

the cores.

The amount of compaction provided by the extrusion machine is dependent, among
other considerations, upon the resistance of the machine’s movement when the angers extrude
the panels with its forward thrast. For an effective forward thrust, a suitablelauger blade
height should be used. In the same context, the effective compacted zone in the panel also
incteases with an increase in the number of augers and blade height. However, bigger auger
blades are not necessarily better, as too large a forward thrust may result in faster extrusion,
leading to other associated problems.

There are; also other physical constraints that have to be éonsidered in the design of
hollow core ﬁ)anels. These panels can be considered as a series of I-beams connected at the
flange. Reducing the flange thickness would reduce the weight of the panei but undesirably
reduces its bending stiffness. On the other hand, reducing the web thickness (the distance

between hollow cores) would reduce the weight of the panel with negligible effect on the
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reduces its bending stiffness. On the other hand, reducing the web
thickness (the distance 25 between hollow cores) would reduce the weight
of the panel with negligible effect on the 2 WO 2007/114795

w So87362897/000059 stiffness. The web serves to resist shaafak i@ 000089
centroid, which is generally low, when the panel is subjected to bending.

stiffnesEOBOLEIE RARRIP DediahtBdaiuah hansding sUffAess1dhe when the
dimensions, and in particular the diameter and number of cores, should

panel iDgebinpilyyhasgn. The choice of the 5 diameter and the number of
cores should also take into consideration the ability of the concrete in the
walld o didesise lysasicie ol ghtya6 0 P RigietefdfinospfiEuG ihe dimensions, and
Unfortunately, there is nothing currently in the art which allows for all of

in partithinathe\dameteiané diatiarsficobss, aeodd e dpibn i thuhaesigitefdirdomall the
panel. 10 3 SUMMARY According to one embodiment of the present

diametén\edtitre, anoptinef atoes reiethisd dtsel dalig nimoncvosédtxation torability of the
panels is provided. Given the overall dimensions of the hollow core wall

-concretgamdretivalbin be dimishy préwadermbpeninactnst dutinierpdaetie dUsingnately,

5 lightest hollow core wall panel with the highest bending stiffness. A

- there isqaolbipg rupERiEda Bmeheiish Mlown ol o ibsyRr Yrmsntionse drigrido be

one embodiment of the present invention, is also provided. One aspect of
accounied fordm e Aestem 5 3G 882 method to design a hollow core panel
that can be produced by a concrete extrusion machine, the panel
.comprising a width (W), a 10 thickness (T), a top surface along the width
W. a bottom surface opposite the top surface, a first end along the
thickness T and a second end opposite said first end, a top flange located
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between an inside surface of the core and the top surface and a bottom
flange located between an inside surface of the core and the bottom
surface, the top flange and the bottom flange each having a flange
thickness (t) and at least one hgilgwgaiesextending along said length, the
15 machine comprising at least one auger within a chamber having the

dimensiapsoline widhuiMbnhethickpassd andiedendth,afiie.neRshethod to

the at least one auger having an outside surface with at least one blade

design RYIEE REIBN Atakeve angutsidesuEace ofiths aloslethe ald@astons of the

one blade extending outwardly from and spirally attached to the outside

hollowStHfaeRalVhat8iNRe GHARMYCHCRRGIRI IS agdder dadhs cianaheiand-8achg the
of the at least one augers is rotated 20 within the chamber to produce the

lightes@hiGRS QRRNRUIMLEREE Withithaipaae! Hhaimethogh&QMuKisiBgNer optimised
steps of: determining a minimum flange thickness (tnain); determining an

dimensiaitial HMbesI (MY, angdarvinitihfiamelenihfaosait aliart ARRINOHAKE present
core; using the width (W), the thickness (T), the blade height (A), the

inventitilial AsmBevidd). and the initial diameter (D), calculating a value for t
such that t is greater than or equal to tmin for a specific number (N) 25

anek asprecifiakliameter (Redodreauaadhe panrlwithial i8askONSOE A8 panel
optimized bending stiffness or an optimized weight. 4 WO 2007/114795

that calPbe G QAHOQQRBrdR therRahoshdheatirastRnedpsRingas aeiaht), a

(A) above the surface, and the at least one auger produces an annulus in
thicknetRq CRRCGGI FARRINgGoUNvardR PR beRIleRs R SRsSte TheSIPRMbce, a

determining twin can includes the steps of using the blade height A to

first enGaliRu@Beahibickne SAR) Feedbeiamiubusoten sating dnin Jodenagb@idated

or greater than it The step of 5 calculating the thickness of the annulus R
betweegaih hesidccoptlisbethbynudiiglyiiegdpebiade she bt fo Ry R EQMBasi®Between

factor. The compaction factor can vary within a range of 1.25t0 5. In
an insi&coamplishing the«siepsief tbeoneiiga:dhedaiefsad.: e BetEe Mhge each

intermediate web located between each of the at least one cores, a first
having ethwehhadated pbreen RaitsiRtbllow core extending along said length, the
machine comprising at least one auger within a chamber having the dimensions of the width
W, the thickness 7" and the length of the panel, the at least one auger having an outside surface
with at least one blade having a height (4) above an outside surface of the auger, the at least
one blade extending outwardly from and spirally attached to the outside surface, wherein a
quantity of concrete is added to the chamber and each of the at least one augers is rotated
within the chamber to produce the at least one hollow core within the panel, the method
comprising the steps of: determining a minimum flange thickness (¢min); determining an
initial number (V) and an initial diameter (D) for said at least one hollow core; using the width
(W), the thickness (7)), the blade height (4), the initial number (N), and the initial diameter (D),
calculating a value for t such that t is greater than or equal to fmin for a specific number (N)

and a specific diameter (D), to produce the panel with at least one of an optimized bending

stiffness or an optimized weight,
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core and the first end, and a second end web located between a second
end core and said 10 second end. Each of the first end web and the
second end web can have an identical end web thickness (E). The step of

wéetesmyyeg a specific number (N) and a specific diameter @2y aai3oth8hvess
further include the steps of: setting an initial number (NI) of the at least

enmEtaned\he alicasi GRS H N GiraneR: thickness (Widsueht least

that w is equal to 2A plus a tolerance factor; calculating the end web

one anghigkb@ssedm sueiibal hdsaaurat dmdliniediy donetd ibiéaatone core.

calculating an initial diameter (DI) of said at least one core using the

The stefosfid@iniXing/eid cjvingmdds tiettepsofhiginhdibbiddt ixighis4hanaluihizla

is not less than E incrementing the value of Ni by one and repeating the
thicknesa(@®) fitiribeandudet citminiedistepén n i gislds othpaentty GeleRaflig step of

wherein t = (T - DI)/2; * and comparing the value of t to tmin. If t = tmin,
calculating thathjploweed{AbetentwdustEraf bshvgamplieditiy mutHbbrvaliharkdade

specific diameter (D) to optimize at least one specific design parameter
height fhbxiecpranedtion; facless Thasamnactine fagier vameasy Kitin meregashiedSuy 5-

1, and the step of calculating a value for D1, and the subsequent steps,

o rOFRARIE T Tbe B R e PIRS FR ATHERSMp R pipediste
web logita TR S A TR A LHE B G e 55 76 BORSe B A ARk o tnd
core s Qi i eud i 2 SOGoR8 FH ek Jocaied ey doctud e L6 A
second S5 ER SFE Hl BRI HREISLaSRA 16 CERINE A Eng web
micknéf%w.emdﬁ& %p@ée@m%t?ﬁcm@ﬁ%@ep@?aéasapgtﬂfa%%}am%ﬂmm

the center of one coreto the center of an adjacent core. If t is
then further include the steps of: setting an initial number (NI) of the at least one core to NI =

' 1; caleulating an intermediate web thickness (w) such that w is equal to 24 plus a tolerance

| factor; calculating the end web thickness (E) such that E is equal to 4 multiplied by an end

factor; calculating an initial diameter (D) of said at least one core using the formula:

_W-(Ni-1jw-2E
N1

Dl

determining whether D] is less than 7} if DI is not less than T, incrementing the value of NI
by one and repeating the calculating and determining steps until D7 is less than 7 calculating
t, wherein ¢ = (T'- DI)/2;" and comparing the value of ¢ to tmin. If¢ = tmin, one can proceed
to the step of using the specific number (N) and specific diameter (D) to optimize at least one
specific design parameter for the panel. If¢ is less than tmin, then the value of N7 is
incremented by 1, and the step of calculating a value for DI, and the subsequent steps, are
repeated, until ¢ is equal to or greater than tmin. |

In accomplishing other steps of the method, the panel can further incinde 2 core

spacing (S) measured from the center of one core to the center of an adjacent core. If ¢ = tmin,
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greater than twin, the step of using said specific number (N) and specific
diameter (D) to optimize at least one specific design parameter for the
panel can further include calculating a value N2, wherein N2 is equal to

wd\RIWSed; calculating a value of D2, wherein D2 is equal gerlsfisitBoooss
twice the value of tmin; and setting one of NI and N2 to be equal to N and

the step SEHHAG 3l GRAMRSRKAFP IR OIRA ANai A48 Po)aauptiaiRd d&emme
embodiments of the method, the step of using the specific number (N) and
specific deagipAiarricf (N d pAplaizAahde asiions spasHily dasigwparaNeiesteD
the panel can further include at least one of minimizing a weight of the
+w. panel and maximizing a bending stiffness of the panel. In still other
embodiments, the step of using the specific number (N) 15 and specific
Kl ashelatitp héditptinhistepabithstnosisodp tei fiemnhd smnipdhemetbrdor toee
panel can include both minimizing a weight of the panel and maximizing a
spacingli@ndmgstilfifross b tratqafiehd noso dlembdimbmadinaset praseHis is
invention, the value oft is less than the value of R. The hollow core panel
greater tan tavctze staysed wetng srit eaginreniss Socshsrrrdi s duesteddn 0
include a tongue extending outwardly from the first end, and the second

optimize atlesshapr Rgei fic GrsiehoErerisigTil ams senfunbe dudndesatrulaig 2
v NG B PGP AT S oGP
o T iR AR FoREIb AN EREBh] ST e R o e
comp%%agnlt%e Ozﬁ?e §§r§ r?g%li% \ﬁégor?e:—:‘n eﬁ%‘ 316?5 0 5 millimeters (mm). The tolerance

. 0O 2007/114795 PCT/SG2007/000089
ah ﬂﬁ?@e%%é%ﬁ@f@%@:ﬁ@tﬂogws@ploﬁ&% ndGrbipdeheighisande

In the range of 4 to 14 mm. In addition’to the method, a system for

specifiRHNAPE fesiamhOlaeW R BBBlesign parameter for the panel can
further include at least one of minimizing a weight of the panel and maximizing a bending
stiffness of the panel. In still other embodiments, the step of using the specific number (N)
and specific diameter (D) to optimize at least one specific design parameter for the panel can
include both minimizing a weight of the panel and maximizing a bending stiffness of the
panel.
In some embodiments of the present invention, the value of ¢ is less than the value of R.

The hollow core panel can have a substantially rectangular cross-section. The first end can
inchude a tongue extending outwardly from the first end, and the second end can include a
groove extending inwardly from the second end, such that the tongue of the first end of the
panel is configured to nest within the groove of the second end of an adjoining panel.

In still other embodiments of the present invention, a center of each of the at least
one cores is collinear with the longitudinal cross section of the panel. The compaction factor

can be in a range of 1.25 to 5 millimeters (mm). The tolerance can be in arange of 1 to 5 mm,
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produced by the method of any one of claims 1-16 is provided. The
system uses the specific 5 design parameters discussed above with
respect to the method. The embodiments of the method in accordance

woVi1heresent invention provide several advantages ovel;éq%eg%r,@g 89

In one embodiment of the method, a hollow core wall panel is produce

and thdR3k %&m@mumfgm ghifpg gk\i?efbﬁ%feq{é%iﬂ%zﬂ%éﬁﬁ% St of 4 1o

another embodiment of the present invention, a hollow core wall panel is
14 mpProduced that has an 10 optimal bending stiffness for a given set of input
parameters. In yet another embodiment of the present invention, a hollow

CRY eddh P & Bkis Pl cagstbal fhasroatimalibapaliow: Biisessrandnan

optimal weight for a given set of input parameters. The reduced weight
producdi®ysiemaihed el tagtdad o thato hAm et teridedd e sheerinaseaiedpecific
bending stiffness enhances the performance of the panels to withstand
designhiglametenodprassed ebardidih respeptdo dre biedladnming. Additionally, the
optimized design also ensures the dense and uniform compaction of the
cobretenbvithinetite phthel speividHirmerosesah avithcherergecoh paisiiar mevide
panel, and also gives rise to better resistance against indentation. The
several | piARREENONET Hnprivthst pho wier srhadiment e /dbs Jaciyife re fiolina core wall
- panel, which provides an increased resistance against water 20 vapour
panel nprorBrst featalah an artimaldishi e phibln 2 ke o oditmY pRFER [
use of the panels, by way of example and not limifation, in external walls,
et ERIETER R BREHOISEUFE i DT ATRL PAOPE SOgS7 T s e
/000989 BRIEF DESCRIPTION OF EE_IE RAWING oy}x?ent of

optn R AN R B AR PP ThaETBRALTEH o5 RO OB
o B B S AT S el i
sﬁﬁme@ggéségogptﬁﬂxy e&!&@l@%rtgegg&@v Qag%fimput parameters. The reduced weight
allows for a panel that is more economical to produce. The increased bending stiffness
enhances the performance of the panels to withstand high crowd pressures and/or heavy door
slamming. |
Additionally, the optimized desigﬁ also ensures the dense and uniform compaction of
the concrete within the panels, which improves the anchorage capacity of the panel, and also
gives rise fo better resistance against indentation. The uniform compaction further provides
for 2 more dense concrete wall panel, which provides an increased resistance against water
vapour and moisture, as well as increased durability. These conditions favour the use of the

panels, by way of example and not limitation, in external walls, or wherever water or moisture

can be problematic,
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5 meant for illustration only, and not as a definition of the limits of the

invention. The drawings, therefore, provide one example embodiment of

the present invention in which: Figure 1 is a cross-sectional view of a

waypiraliholfow core panel according to one embodiment of PoE/pER8EM0089

invention; 10 Figure 2 is a partial cross-sectional view of one embodiment

of a concrete (BREIEXHMR IPTION @FCHE DRg.WIdF@Sembodiment of

the present invention; Figure 3 is a cross-sectional view of the hollow core

FanelcobEigusent Shoviing, tlich rmpanespendeddstaraah notestaroapdrthe the

core; Figure 4 is an flow-chart briefly elaborating one embodiment of a
inventipnetibngtreio sumigeathple] srehasignest i bericresatipanadasrEidaresplin the

and 5B show Table 1, that provides values for a series of hollow core wall
working AnaRFR e SHdHERMABIng 1istHe PRCIABISH gV gt BieBangs are

flow chart illustrating.a method and system to design a hollow core panel
meant fopliustiabenPali eat B ascotiBtaobaft fBiolrmia hife HeBHfifg T8sfavines,

example embodiment 20 In. the figures, like pars are identified with like n:
therefofpIRies PO SBBRIE RSB R FAT B

DESCRIPTION Figure 1 illustrates a cross-sectional view of a typical

hollow core wall panel, designated generally as reference numeral 100.

Figre B O R 08 e R P A

of the &Q&Mvéh{ﬁ)ﬂnderstood that the designations top, bottom, first end and
.~ 'second end are arbitrary designations provided for the sake of clarity in

Figure ql'sl%ué%%éh %r&?gjééd;‘éi(ﬁﬁ@*%%cﬁf t&?e %Bgﬁm%ﬂtﬁsaj | Ebﬁé?é@dp%gﬂ @xtruder
Figures, and are not intended to limit this embodiment of the invention in

machin}gﬁgw?&ngléeﬁ&%ﬁmiéﬁﬁﬂf&héﬁﬁeﬁéﬁ afenkf¥d.can include a tongue
Figure 3 is a cross-sectional view of the hollow core panel of Figure 1 showing the compacted
area as an annuius around the core; |

Figure 4 is an flow-chart briefly eiaborating one embodiment of a method to optimize the
design of the concrete panel; and

Figures 5A and 5B show Table 1, that provides values for a series of hollow core wall panels

designed according to the method of Figure 4.

Figure 6 shows a flow chart illustrating a method and system to design a hollow core panel

that can be produced by a concrete extrusion machine according to an example embodiment

In the figures, like parts are identified with like pumerals,
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10 ' extending outwardly from the first end 108. The second end 110 can
have a corresponding groove 111, such that the tongue 109 of one panel
100 is shaped and configured to nest within a groove 111 in anadjacent
w8081 i3-4dis embodiment, panel 100 has a uniform thicknegs dPanghse
100 further comprises a plurality of hollow cores 114. Each of these cores
114 can have a dlamefgﬁ-})(ﬁg ﬁﬁ@h of the cores 114 can be
separated by a distance S 15 (center to center distance), designated
generally with reference numeral 117. It is understood that, while the
specific embodiment described here describes the cores 114 as round

angh ARy NG Ruiameeter dd-bRieREe kA GaR haveOthetshares WiloMnel,

departing from the scope of this embodiment. Each of the cores 114 has
designattdnsigderai incefidicd harpadian®@f pane b0t hebngah 20othRdasiEkes a top

surface 118 of the cores 1 14 and the top surface 104 and bottom surface
surfacd Q@D hrdandbitf) isuchalied osllangssl dERighatied ganpraby afirefernNtes and a
numeral 120. Furthermore, an intermediate web 122 is defined as the
secondspadd Betvitde maidiatent fwsidee siadaoetiohi 8opf hdimeeniirdored dhtisecond end
Additionally, an end web 124 is defined as the thickness of the concrete
are artbane desighetinnsigeosided dorthe sskihef shdivorediscssing the Vafiosicldeases of
or right side 110. For the 25 purposes of illustration in this embodiment,

the emipéimenireslwstaipd fn b Eigyees.15md are niduien Vo lingt tis kapipstiment of
PCT/SG2007/000089 as uniform for all cores 114 within panel 100
the IYSREGRIR, aF&’r'fﬁé’ pif OB BRING LRSI i ofhBBRiPRR Rotle hitgasmed 09
e R S B R T
o B TR AR
TP DS S S A e
MACRINDO further comprises a plurality of hollow cores 114. Each of these cores 114
can have a diameter 116. Furthermore, each of the cores 114 can be _separated by a distance §
{center to cenier distance); designated generally with reference numeral 117. It is understood
that, while the specific embodiment described here describes the cores 114 as round and
having a diameter 116, the cores 114 can have other shapes without departing from the scope
of this embodiment.

Each of the cores 114 has an inside surface 118. The portion of panel 100 between
the inside surface 118 of the cores 114 and the top surface 104 and bottom surface 106 of
panel 100 is called a flange, designated generally as reference numeral 120, Furthermore, an
intermediate web 122 is defined as the space between adjaceﬁt inside surfaces 118 of adjacent
cores 114. Additionally, an end web 124 is defined as the thickness of the concrete between
the inside surface 118 of the end core 114 and the left side 108 or right side 110. For the

purposes of illustration in this embodiment, the thickness of all of the flanges 120 are shown
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200 includes a frame 201 that supports the attachment of the various

other parts of the machine 200. The machine 200 also includes one or

more augers 202 used to make the cores 10 114 of panel 100 in Figure 1.

WFRUHUES 202 include one or more blades 204 spirally attaalieles?4£00089

surface 206 of the auger 202. Each of the blades 204 have a height above
as unifiite feualhcer@0bldfitbinpgesl 200, délsayristciipibeeratipsas o€itinemagon in this

numeral 208. The blades 204 are attached to the surface 206 at an angle,
embodigsiy bt armssal/adls vetes antsenriliats 3 0501 Ph end doitinend 0cceaA 24, are

further include a motor 212 connected by a drive belt 214 to a 15 gear

shown ppynpfpsniheath caseoht within pench 180 a floyewerbBis resdoert betheseieand

_to the frame 201, and collectively drive the augers 202. A concrete
the thigkggsses oars vy Y @snﬁ’é%é%ﬂ Ser1565Pp Ansnisiaf the present
) .manufacturing process. A vibrator 220 is attached to the frame 201 to
mventigheijitate the compaction of the concrete from the hopper 218. A counter

wejght can also be attached.to the frame 2Q1 to further assist in the

ke 7 TSRS Q08 RAIBI (S RAL o S S A SRR e aed

or the machine 200 di ed above is,prqvided for the se of ]
generalf§" &l CORASANGZ0S SRS SRANGINRNAGH (S DER IREP AL machine

200 inPRARE Esi?&a%“ﬁigﬁfap'ﬁﬂa%&&sc‘%ﬂéigﬁé%ﬁgn%%@%H&ﬁ‘%)?%%%%#e? of the

embodiments of the present invention. Concrete (not shown

machinRRE LS SO FH6 skt iRGMAR IR R0 TR 2P LS AR M ores

the hollow core panel 100 by extruding the concrete into a chamber 223

114 of 1PN¥O18004/ F14485 P CHS @ty AR0a8hfaying dhendaskades 204 spirally

Imensions of the finished panel 100. In some embodiments, chamber _
attached 23 scanitd o6 nélidanctoigae Badtgsdavetihidacp@PiadiesiBeight tthove the

form the tongue 109 on the first end 108, and the groove 111 on the
surfacesEioofitbn dugdd 203, stesignetmb geliratys st hefarrachimen 2Q0 208N ievidadea 204

direction illustrated by an arrow 226, while the concrete wall panel 100 is 5
are attaghedeismitfacdipO6tidnmingicadesig®g] feremiiyastobetvatmieeral 210.

directions shown are for

The machine 200 can further include a motor 212 connected by a drive belt 214 t0 2
gear box 216. The motor 212, drive belt 214, and gear box 216 can be attached to the frame
201, and collectively drive the augers 202, A concrete hopper 218 is attached to the frame
201 for providing concrete for the manufacturing process. A vibrator 220 is attached to the
frame 201 to facilitate the compaction of the concreie from the hopper 218. A counter weight
222 can aiso be attached to the frame 201 to further assist in the manufacturing process. It is
understood that the particular configuration for the machine 200 discussed above is provided
for the purpose of illustration only. Any machine configuration that produces a hollow core
panel using an auger blade is considered to fall within the scope of the embbdiments of the
present invention.

Concrete (not shown) from the hopper 218 is introduced into the machine 200. The

augers 202 form the hollow core panel 100 by extruding the concrete into a chamber 223
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the purposes of illustration only, and are not meant to limit the
embodiments of the present invention in any way. Figure 3 illustrates a
cross-sectional view of the hollow core panel 100 showing an annulus

wd 2apfgempacted concrete around cores 114. The annulug:d2R dSo07/000089
generated when the 10 augers 202 of the extrusion machine 200 produce

having RN 8l FIGEHD Ahishembadiment. ihe.at uis didGin0asiaally 203

circular, a plurality of regions of uncompacted concrete, deS|gnated

can fingeneraliyies neferensel eoosolAsr 0an, Besionat 1 i Rl avs6ere @ABekhe

100 as well. Figure 4 illustrates one example of a method, designated

first endelSrathd akergfesencel dh el fap pmddeizgiite dollaws cheemachine
panel 100 according to one embodiment of the present invention. The

200 cafooweng distassSonifefontaiCes digures 124, inhiledigniogciete avidiepangl OO is
for the extrusion machine 200, the rate of production, that is, the speed of

extrudadxinuBiodinfatien widkpareet 208, dicis|driesteaddhet HeedbinidechsBbsitegre for
. economic factors, practical constraints such as the quality of the wall

the purpgprs Qf)élpm!maréma e dBemareinionbenitoies Aatbdiasients Phéhe present
_design of the auger 202 includes the determination of the height 208 and

nventighdp 25H%Hihe blade 204 with respect to the auger 202. As the auger 202

rust wall panel 100 forward (directi 28), this thrust can compact
HERR Eﬁsemﬂsbaﬁmagws%aﬁﬁw Rt FeTF Rpnei 0 Fhowing en

cmmnteg R R K16 PGS 14 pORRBY el Cor RN A g e
augersgp’gce‘%i%eléf %":Vg% d be eCtﬁd G {%ﬁbeh %}%{Sj%’@w%ﬁg%bommem
the anﬁﬁﬂgsﬁaofy&gﬁgﬁgane ) th%li%lgﬂw] M'%@? E?pﬁt?élﬁﬂ 3 conerete,

concrete in the wall arameter e considered In the

designflSgigthefAMRRag-taRraducsitheshalgwLargwall ﬁ@%@h&%&@ anel 100 as

compaction of the concrete can be Uniform at any equal radial distance
well. from the

| Figure 4 illustrates one example of a method, designated generally as reference
numeral 300, for producing the hollow core panel 100 according to one embodiment of the
present invention. The following discussion references Figures 1-4. In designing the zugers
202 for the extrusion machine 200, the rate of production, that is, the speed of extrusion of the
wall panel 100, would first have to be decided. Besides economic factors, practical
constraints such as the guality of the wall panel 100 produced should also be taken into
consideration. The design of the auger 202 inciudes the deiermination of the height 208 and
pitch 210 of the blade 204 with respect to the auger 202, As the auger 202 thrusts the wall
panel 100 forward (direction 228), this thrust can compact the concrete in the wall panel 100,
producing annulus 126. Since the thrust is primarily created by the forward motion of the one
or more blades 204 as the augers 202 rotate, the portion of the concrete nearer to the core 114

would be subjected to the highest compacting effort. Since the blade height 208 directly
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centre of the auger 202 or the core 114. This then allows one to assume
the annular 5 compacted zone 126 around the core 114 as shown in
Figure 3. The thickness, designated generally with the letter R, of this

w8IHHS36 could then be obtained by factoring the blade fje]
designated generally with the letter A (208 in Figure 2), Witr@%mﬂmaoow

late. tion factor f h in Equation,1 b - 10 R= fA.
e PR RS R M Pl o s e
. . jyel to 2. 1t ,
il L S L B ol o oo

depai EQ&?%@&&B%?&%%R&Q?&%&‘M{E?&% of 16 BISAGRELPHWEI M the

For example, in some embodiments, the compaction factor f can fall within

centrelRf HRNGGHREF BED IR Thed LSRMA £MAGUMBAISATNORE HESUARIE YRRt dRfular

thickness of the flange 120 is less thanR (the thickness of the annulus
compdei@) 2884 NisanilomiA MiSeotiRe] eS8sCOMPAGIE Higee e, ATRIONA LN &RIBBated
embodiments, the blade height can be in a range of 5 to 15 mm. In other

generibddinientaia Bngelod mmile mandsuMdedemnaed. dilafig hidkaess ptibdlade
flange 120 is also governed by other factors, such as resistance against

heighimgatgranell ppoutsdly forithalandbibmage (I6iis, Segew, Bjc. withmimmappropriate
flange 120 -thickness tmin may be defined for this purpose from which the

compisitioie fheloirtasshamarihBaertisiiédeiased on equation 1. One formula for

determining train is shown in Equation 2 below: tMi <_ R (2) 12 WO
2007/114795 PCT/SG2007/000089 As mentioned earlier, a minimum

. intermediate web 122 thickness is desired. However, for this, the distance
between augers 202 should also B& #minimum within a practical limit.
The minimum-thickness of the intermediate web 122 between the blades
of adjacent augers, is then twice the blade height plus a tolerance factor.

The value of the tolerance factor can depend on i
In the absence of any scientific determination of the compaction factor, / may be

conservaﬁvely assumned to Ee equal to 2. It is understood, however, that other compaction
factors f m;ay also be used without departing from the scope of this embodiment of the present
invention. For example, in some embodiments, the compaction factor f caﬁ fall within the
range of 1.25 to 5. In some embodiments, it may be desirable that the thickness of the flange
120 is less than R (the thickness of the annulus 126), as this will minimise the less-compacted
zone. Additionally, in some embodiments, the blade height can be in a range of 5 fo 15 mm.
In other embodiments, a range of 7 to 10 mm is preferred.

The thickness of the flangs 120 is alsq governed by other factors, such as resistance
against fmpact and provision for the anchorage of 'nails, screw, efc. A minimum flange 120
thickness tmin may be defined for this purpose from which the blade height can than be
decided based on equation 1. One formula for determinming fmin is shown in Equation 2 below:

t. <R. )
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5 a number of variables, such as, by way of example and not limitation,
the amount of wobble in the auger, which can further depend on the
accuracy of the extruder fabrication process. In some embodiments, the

wdaerangmsactor will be about 2 or 3 mm. In alternate embogirpgaimoeicse
tolerance factor can be between 1 and 5 mm. In order to determine an

As meRfRQEIisiadeheighiinimermialel {eeiorscandraeskOicansidaretioleal, for

be desirable to minimize the web and flange thicknesses so that the void

this, th@igaasceFetinizeshdBie02dhoilg ike WehinhinmleiBnshrdhRdEE6. The
height should be sufficiently large so that the thrust of the auger is

minirmst tidiknédooite e thedial vetstiln &eanebn diebiate 0b flad) peesinivers, is then
invention, a blade height of between 7 to 10 mm is contemplated. In yet

twice flothdade fndigldli ples tsfdlmabtadechei gt waivecofi thm dlevabdenfariot Ban depend on
Annotating intermediate web thickness 122 as w, the minimum web

a numbgricriesiebies suakh dse exprasetaxavinty BadiagbHsistiow the anmamnt of wobble
+tolerance, (3) 20 where the tolerance depends on the machining

in the aygey; rubichgam frstboeAeesrd aicteneraserY o4 thaasthoder feiriguienprgeess. In

thickness, designated generally with the letter E, of the end web 124, can

some egihatisTie Givdniermes aehwibbriPort2 g - 1 hwitspeis Frbadigsnts,
the tol PCT/%\(;ZOO?/ O(%{%89 It ii ungds?rstood, however, that the thickness E can
& toleneR O P ORREYSRLINIISS PR without departing from the scope of

this embodiment of the present invention. For example, .E can he in the
ra%%gé) 0 ré?n%éngou? P56 3 .‘Bae‘ erl??ﬁé]en%\%%éﬁg%re ,eéi\?gnl% ceeoﬁsaﬁaelf be
-2 Width [ ' letter 5., ' .
defed. Yed: @%5%@%%%%% and 'Y Q%&Sﬁ%@é |
const égsig%at%gld%ggenera%% with the letter T, the optimaixz%tion met oés %%g%te%ll%‘s’md
area is ASHDGINENHORRGN SR GTbT 1oASuHAAUIRSIER B4 HAfREHOSGHIR e
1 and 2 used for :
sufficiently large so that the thrust of the auger is sufficient to extrude the wall. In some
embodiments of the present invention, a blade height of between 7 to 10 mm is contemplated.
In yet other embodiments, the biads height can be from 4 to 14 mm.
Annotating intermediate web thickness 122 as w, the minimum web thickness 122

can be expressed using Equation 3 below:

w=24+tolerance , 3)
where the tolerance depends on the machining accuracy. With reference to the end web 124
as shown in Figure 1, a thickness, designated generally with the letter E, of the end web 124,

can similarly be given by Equation 4 below:

E=254. €Y
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the number of cores N and core diameter D are for the convenience of
‘separating the two optimised solutions, one optimised for minimum
weight and the other optimised for maximum stiffness. Knowing the

w@%ﬁ%‘ﬁg@e and end web thicknesses from Equations 3 a%}%éﬁ&%\éﬁow

as shown in step 304, and with the initial number of cores 114 as 1, the

It is WHAIREIEE Ofoll& B0 hdel hLSGRIDRMIEH BN ERAHAR FGIVtheRSRMRWES Bf 4

step 306: FV - (N, -1)w- 2E D, (5) N 15 This equation computes the
witho&liagpaiehd £6.afilescope Jddisupbdhnhuiper dhe A6, For example,

distributed between the webs 122, 124, the total length would equal the

E can Banethwigiky W E0m) abtihe Tigmster 116 of the core Dl is larger than the
thickness T (112) of panel 100, this is undesirable, as shown in step 308,

aRr@idrenaoRas digares, Nvenpiegrassi el deensatkdogeraWwithsiepletier
320. Steps 306, 308, and 320 are repeated until DI is smaller than T. The

7, an2Chldmgss]ldiekpessd] 6 codisigriditebledetiar dll tirsofttnletstion imetipdBoN Hegins
below, can then computed as shown in step 310: t=T-D, (6) 2 14 WO

by setigg it b4 ERE TI8E 2007 NGO EBOWMisHpp3AR. it Thalatbsemptelafidrused for
flange thickness t is equal to twin. If t is equal to twin, the diameter and

the mpupsbef episordsanbiame diaretsoth Gptineal thsr eornesiamea At bovitirtngtkgdwo

. highest possible stiffness and lowest weight, as shown in step 314. This

optimisaelsSAiEtioRse U LPTERISH TAr stainigae THE g fide dsoRrten ptimased for

= NI, D=D,, and the sga_cing S 5 between the cores 114 becomes S =D

maxinugn S§EREte kil eifnFEediRlE TR esh figknssess fiam Ggptions 3 and

4 abosg,o 2 %g})%dn ' es%%a’;t@-{,] and with the initial number of cores 114 as 1, the diameter of

the core 114 is computed from equation 5 below, as shown in step 306:

D = w -, ;)w—zﬂ ‘
H

&)

This eguation compuies the diameter 116 of the core 114 such that when the cores 114 are
distributed between the webs 122, 124, the total length would equal the panel width, 7 (102).
If the diameter 116 of the core D/ is larger than the thickness 7 (112) of panel 100, this is
undesirable, as shown in step 308, and the number of cores N/ is progressiifely increased, as
shown in step 320. Steps 306, 308, and 320 are repeated vntil DJ is smaller than 7. The
flange thickness 120, designated generally as the letter ¢ in equation 6 below, can then

computed as shown in step 310:

(6)
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2), as shown in step 318. If t is not greater than twin, the number of cores
114 is progressively increased, as shown in step 320. Steps 306 to 318
are then repeated until t is more than tmin, as shown in step 318. 10 At

wihd9Reten, one half of the solution, that is for subscript 1, j3-@Rt2IREM00s9
while the other half can then be obtained by using equations 7 and 8

In ster? $19V%: 35 RIOWILI FoR: FRdeDdiTilesd 40 %518%;%:2&9 is gﬁehs &1)51 min, the

The subscript- 1 provides a solution in which e number o

diamelSrBAXIMHMB VL BRS SHRAEHR LAPEBMIAGS a0 MR RITR 1 (heh both the

diameter 116 of cores 114) is maximum. To différentiate thé solutions for

highe@RbRARIEGRIMRIGHANdwilRRSShthR eﬁwﬁqaagb 2umemeh@f iReHifcess, as

and void ratio are used. The moment of inertia, designated generally with

showiilig gl sh @lonrgdheiangiidinaexis ahthepanel cross-39ClignisHINSReing §
by equation 9 below: W+3 4 7eo (9) 12 64 15 WO 2007/114795

betweEtRLSG2OPYAQRAOS: Additionally, the void ratio, designated generally
with the letter a, is given by equation 10 below: 7evD a =4972 (10) 5

WReke wReiverahie sfiiay 8 akbastnaieyiay sheaef e A0 NRRGHRY in equation
equations (9) and (10), one may conclude that a larger product of N an
2), as EhWdwn in step 318, If t is not greater than fmin, the nmmber of cores 114 is progressively
increased, as shown in step 320. Steps 306 to 318 are then repeated until ¢ is more than tmin,
as shown in step 318,

At this junction, one half of the solution, that is for subscript 1, is obtained, while the

other half can then be obtained by using equations 7 and 8 below, as shown in step 322:

N, =N, -1 and (7

D,=T—2,. . (8}

The subscript 1 provides a solution in which N (the number of cores 114) is maximum
whereas subseript 2 provides a solution in which D (the diameter 116 of cores 114) is
maximum.

To differentiate the solutions for optimal lightweight and stiffness, the equations of
moment of inertia and void ratio are used. The moment of inertia, designated generally with

the letter /, along the longitudinal axis of the panel cross-section is given by equation 9 below:

wT*  aNp*
I, = ——
Y 64

9
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would increase the void ratio but decrease the stiffness. Based on this
rational, the two solutions with subscript 1 and 2 can be differentiated for
optimal weight and stiffness, accordingly, as shown in step 330. To

waeigiingthe optimal 1o weight, if the product of N and D2, p$188,007/000089
subscript 1 is larger than the product of N and D2 using subscript 2, t%en a

AdditiBrsl ,%@%f&%@,‘%@iéﬁ&é@%&&%@ﬁ%&:ﬁﬁoﬁig‘?&t&%ﬁh@ W 9 Raeafn 10
. This Teads to the solution that I, D =D,, and the spacing S betv%een
belowthe cores 114 becomes S = D + w. As further illustrated in Figure 4, if the
product of subscript 1 is smaller than the 15 product of subscript 2, then
an alternate solution that minimises the weight is provided, as, shown in
step 326. This leads to the solution that N = N2 , D = D2 , and the spacing
S between the cores 114, as measpigst from the center of one core to the
center of an adjacent core, likefiis mes S =D + w. In some (10)
embodiments of the present invention,’it may be desirable to choose the

where%%aﬁie@@lqwgll%@éﬂ%&%%ﬁé’@ﬁ@fﬂf&{ides a solution closestto t = 20

tmin At this point, one can compare the product of N and D, as shown in
. Q HRINE qt Pl Iff | IS 2
On e T ey i A TR Brob S St

would RRIEPERSIS LrovidRd aas Sho Wk WifiRR332. 16 WO 2007/114795
PCT/SG2007/000089 This leads to the solution that N =N2, D = D2, and

theasepeinehiz Retwere ththeveriemildd RREMERSHE1Didde £ vENaNaWsiated
of A can be computed by equation 11 below: 4-L-ND-(N-l)w-2E (11) N+1

for optiRal evebh Mlithertasiahiesifiadyaitahddnia\r-b 880, provietstyiae fiRashtimal
This leads to the 5 end of the method 300, as shown in'step 334.

weight, if the product of N and D” using subscript 1 is larger than the product of ¥ and D*

using subscript 2, then a first solution that minimises the weight is provided, as shown in step
326. This leads to the solution that N = N,, D = D,, and the spacing § between the cores 114
becomes =D +w.

As further illustrated in Figure 4, if the product of subscript 1 is smaller than the
product of subscript 2, thén an alternate solution that minimises the weight is provided, as.
shown in step 326." This leads to the solution that N = N,, D = D, and the spacing §
between the cores 114, as measured from the center of one core to the center of an adjacent
core, likewise becomes § =D + w. In some embodiments of the present invention, it may be
desirable to choose the number N and the diameter D which provides a solution closest to t =
tmin,

At this point, one can compare the product of N and D*, as shown in step 330 to
determine the optimal stiffness. If the product of subscript 1 is larger than the product of

subscript 2, then a first solution that maximises the stiffness is provided, as shown in step 332.
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If, on the other hand, the product of subscript 1 is not larger than the
product of subscript 2, then an alternate solution that maximises the
stiffness is provided, as shown in step 336. This leads to the solution that
wolzeoili4®5= DI, and the spacing S between the cores 114 Bereays:Bocotd
w + A. The value of A can again be computed using equation 11. This 10

This 1@AdeRAR:SRINIRA Aso leady]o the end ehthedginase30BehteshMedres 114

step 338. In some embodiments of the present invention, it may be

becomBESLAPIR $0,CROGSR NRIBUFLEEN,8RE G ABPEIREE MG BIRVides a

solution closest to t = twin, depending on whether one wishes to minimize
the weight, maximize the bqp_dm §t{§§ng§%g@3§)th. The optimal design is
one in which the panels®9 et t with the 15 highest  (11)
stiffness against bending, given the practical constraint to produce them.

where %?c} B@ ﬁ%@%ﬁéﬁl@&%eé’ .t@éﬁi@?rﬁéﬂr@e&%gﬁéthéc{%ﬁgﬁéﬁgc 9”?}%9&%@%@0 the

. Since air is a better insulator than con provides

end of RACINANGA 30y AN RESA UL E s@ducing the thermal transfer value of the
hollow core(s) 114. The design also allows the panel 100 to be densely

anddiferaiyes aRnacied frothrtcxtriiRR-PIOL 68 Sade SR OIRA A RRLRD of

with a dense 20 structure. Besides contributing to the bending stiffness,

subscrifte2( énSe Bl Gl eatstufi taVila SnidoniseiatiNstfa sl HEANIORISown in
‘increases the resistance of the panel 100 to indentation, the ingress of

step 336AtChiyhaid docita sbivatariva o Nelre enhanding shacthsrghibity-eh pdedres
100. In this embodiment of the present invention, the method 300 allows

pangiBpkitiRkaelesiiigAhe. This
diameter 116 and the specific number of 17 WO 2007/114795

alternaRGIRo3 00/ GORRES werasi lirie mimatizsotayveishh o thephanel 100ome

Alternately, the method 300 allows one to determine the optimal design of
embodibeiprngthi QRomselnetitigne signeiclditdb RN tiR Rl GuMHBURT 8 the

cores 114 to maximize the stiffness of the panel 100. Additionally, the
diameterdtheii 30 froatidey s cnkrtiond ekewstihe ttherajpfideabntiis gonokHeth praone] svilsBes to
by selecting the diameter 116
mirﬁmize the weight, maximize the bending stiffhess, or both.

The optimal design is one in which the panels 100 would be the lightest with the
highest stiffhess against bending, given the practical consiraint to produce them. The
lightness is achieved by increasing the volume of the hollow core(s) 114. Since air is a betier
insulator than concrete, this provides the additional advantage of further reducing the thermal
transfer value of the hollow core(s) 114. The design also allows the panel 100 to be densely
and voiformly compacied in the exfrusion process, resulting in a panel 100 with & dense
structure. Besides contributing to the bending stifiness, the dense.sn‘ucture also provides a
foundation for a strong anchorage, increases the resistance of the panel 100 to indentation, the
ingress of water, moisture and water vapour, hence enhancing the durability of panel 100.

In this embodiment of the present invention, the method 300 allows one to determine

the optimal design of the panels 100 by selecting the diameter 116 and the specific number of
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5 and the specific number of cores 114 to both minimise the weight and
maximise the stiffness of the panel 100. Based on one embodiment of the
optimisation method 300 of the present invention, a series of optimised
walimensions have been derived for the hollow core panel 10&-h&i@Boososs
width of 598 mm as shown in Table 1, Figures 5A and 5B. In Table 1, the
cores HMckn@ssisiih ehi Gvilibk bé sre ol 10Dl denigeisiaB-grRRFAIB0BSows ons to
reference numeral 112 in Figure 1. Similarly, the method provides a
determingribe nptiesbdetizd gftherpihyelyititdiisy|etiecis ahediesctddihauing the specific
diameter 116, designated generally with the letter D, as discussed with
numberté roresel id Figuasimizetbiakbfbyeatttis: Fnelvdid. raddisocoaliyptite cheibioty300
Equation 10. The volume (in cubic metres per metre length of the wall) is
allowscenppedeianing the spimaldnyiEeygatbn nande H0P T2 sdevtolg By dianmeter 116
(12) 4 where D and T are diameter and thickness respectively in metres.
and the spraificamben phisased i hefbminimisathe weighbrad mpmon thngifess
were _assumed: panel width, W =598 mm 20 minimum flange width, tmin
ofthe pangl J0 auger blade height, A = 7 mm tolerance = 2 mm compaction

factor, f = 2 25 The_results for which both stiffness and lightweight are .
B e TROR IR 1l SV RIS HOR Y0P LB e BEPSRt dfrton, a

o S D A R 0 e
jWidth of 598 mm as shown in Table 1, Figures 5A and 5B. In Table 1, the thickness is the
thickness of the panel, designated generally as reference numeral 112 in Figure 1. Similarly,
the method provides a number, designated generally with the letter N, of cores 114 having a
diameter 116, designated generally with the letter D, as discussed with reference to Figure 1
and the equations. The void ratio is computed using Equation 10. The volume (in cubic

mefres per metre length of the wall) is computed using the formula in Equation 11 below:

aND*

Vol = 0.6T — (12)

where D and T are diameter and thickness respectively in metres,

In deriving the optimised dimensions illustrated in Table 1, the following were

assumed:
panel width, 7 = 598 mm
minimum flange width, fmin = 16 mm
auger blade height, 4 = 7 mm
tolerance = 2 mm
compaction factor, f = 2

The results for which both stiffness and lightweight are optimised are shown in bold typeface
in Table 1. Based on the results obtained in Table 1, the following can be considered to be the

optimum number of cores for the corresponding thickness of the panels:
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WO 2007/114795 PCT/SG2007/000089 Panel Thickness Range Number

of Cores 70-72mm 11 70-78 nun 10 74 - 86 mm 9 5 81-95mm 8 90 -109

nun 7 100-120 mm 6 116-120mm 5 The above was based primarily on a
| rovide an optimum lightweight and only the 10 gpfj

W qmri%§’ %g%?%g@oaﬁeooow

sti s solution for which the void ratio difference is less t as
b?%ﬁ%@ﬁcﬂ%?ﬂ'aﬁ%‘c’ is because, as prﬁvioggllyo§ (t)t?eds, Iighyer weight Is a
more critical requirement for wall panels |r1|n—tr%erms of economic benefits.
Howeyger -4 ig finderstood that a larger or smallgr void ratio difference can
be used without departing from the scope of the present embodiment of
the inygnlQR,LBY way of example and not limitgtion, the void ratio can be
in 15 a range of 0 to 78.5%, and the void ratio difference can be in the
rangerpL.ge gifo. It is understood that Table i and the discussion of the
results are provided by way of example only. The method 300 can be
appligd to9a wall panel 100 having any width agd any thickness.
Additionally, all of the other variables are provided by way of example
only.98pddifieatty, the minimum flange width, tmin, the auger blade height,
A, the tolerance, and the 20 compaction factor, f, can all bé varied without
depaitifig-fidfhmine scope of the claims which define the embodiments of
the present invention. It should therefore be understood that the specific
dimeAdfond Hisetssed above are provided to ilfustrate one of many
possible_applications for this embodiment of the present invention. Thsly h
¥ ine

The abgryerveas Rasrd ee Rl prIc ok v prAdderAn gatimarm Beumcigkiando

. _invention in an _Wa%/. , . Ny .
optimum stiffness solution for which the void ratio difference is less than 109% has been,

considered. This is because, as previously stated, lighter weight is a more critical requirement
for wall panels in terms of economic benefits. However, it is understood that a larger or
smaller void ratio difference can be used without departing from the scope of the present
embodiment of the invention. By way of example and not limitation, the void ratic can be in
a range of 0 to 78.5%, and the void ratio difference can be in the range of 5 —30%.

Itis unde:stbod that Table 1 and the discussion of the resuits are provided by way of

example only. The method 300 can be applied to a wall panel 100 having any width and any

~ thickness. Additionally, all of the other variables are provided by way of example only.

Specifically, the minimum flange width, smir, the auger blade height, 4, the tolerance, and the
compaction factor, f; can all be varied without departing from the scope of the claims which
define the embodiments of the present i;lvenﬁon. It should therefore be understood that the
specific dimensions discussed above are provided to illustrate one of many possible
applications for this embodiment of the present invention. They are not intended to limit the

scope of this embodiment of the present invention in any way.
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19 WO 2007/114795 PCT/SG2007/000089 Figure 6 shows a flow chart
600 illustrating a method and system to design a hollow core panel that
can be produced by a concrete extrusion machine according to an

w8%aPRIgsmbodiment, the panel comprising a width (W), aﬁﬁj’ﬁ@%/&@(}w

a top surface along the width W, a bottom surface opposite the top

SUERCEe. 8 fishe AP RRNEdH RS HE ARtAc85RAdR:aR P e%ggﬂtshouow

said first end, a top flange located between an inside surface of the core

core pAR Hhe clRbSyHReRAN 3 baltom: lapasdAcRieHiRe NERBANIDAIIS smple

surface of the core and the bottom surface, the top flange and the bottom

embodiRRAE 188 PalRRYingpAIAR 8w IRBKMESE fh RAekat 1825t RENRUAMEOE: width

extending along said length, the machine comprising at least one auger

W, a betiinsuifabosppesikatingihetioecn Sieosaf dwe yiskriciaes hiakhess:dnd
and the length of the panel, 10 the at least one auger having an outside

end opgposiccaidifirsatida sttomdhigdbesttdidingavitw aisibe ffacand dpicatly and the
attached to the outside surface, wherein a quantity of concrete is added to

top sutfacechsinafvotiamdignghlofated hetieesst anmsideevstice ofiedcmitimdtire bottom
chamber to produce the at least one hollow core within the panel. At step

surfacg (b toprilanae and| Srrfeotinekenge eashhhasingadianerthidmess (tbom) i least
specific number (N) and a specific diameter (D) are determined for 15 said

one h%ﬁ@&@f%ﬁ@qaé} S&?c%‘tﬁ@t Hemacine suamisies whicaroene pegarwithin
Qr equal to train. At step 606, said S?Qecific number (N) and specific

& chamheREYAn B ST ERUEPR O T nl e Be BRI il desighetarh e rancl

e R B e e S i
di f d. a holl vall li d

o A A W Gy T oen Soe B R o Sl

the ¢ GRSl ae Qﬁé:&%ﬂ%"ﬁ# s Bl rRIe A RAREL 13 an@ﬂ}é% © at

that has an optimal bending stiffness for a given set of input parameters.

least olik ¥SHARAURL ARPOAMAALOK e PEES COLIBMAREL B JAQNOMA RIS WA is

panel is produced that has an optimal bending
determined. At step 604, a specific number (V) and a specific diameter (D) are determined for

said at least one hollow core such that a calculated value for t is greater than or equal to tmin.
At step 606, said specific number (V) and specific diameter (D) are used to optimize at least

one specific design parameter for the panel.

This embodiment of one method in accordance with the present invention provides
several advantages over the prior art. In one embodiment of the method, a hollow core wall
panel is produced that has an optimal light weight for a given set of input parameters. In
another embodiment of the present invention, a hollow core wall panel is produced that has an
optimal bending stiffness for a given set of input parameters. In yet another embodiment of
the present invention, a hollow core wall panel is produced that has an optimal bending

stiffness and an optimal weight for a given set of input parameters. The reduced weight

20
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25 stiffness and an optimal weight for a given set of input parameters. The
reduced weight 20 WO 2007/114795 PCT/SG2007/000089 allows for a
panel that is more economical to produce. The increased bending
wostifingssre€nhances the performance of the panels to withspaiRgk RiagaineeE
pressures and/or heavy door slamming. Additionally, the optimized
allowsdfesignpaisd thiasusemthe ermsmpall wnidaeomMpRetinn ke theneRpCEE®ess
- within the panels, which improves the anchorage capacity of the panel,
enhanees dhalperigimesaiss theopdteisresistnradbaihstavibptediares Tand/onfervy door
compaction further provides for a more dense concrete wall panel, which
slammigvides an increased resistance against water vapour and moisture, as
well as increased durability. These conditions favour the use of the
pAfdonsiixy e smiireires desie alolpamaes therdente aydl waltsposompaction of
wherever water or moisture 10 can be problematic. The present invention
the copgeaterithin Marira st oHeris Pamnvcrots SUFREEe Fapariiv e Tikmparebsind also
or essential characteristjcs. The described embodiments are to be

BIVES T30 REHSH T SR BRSO PR st B U R A oPaBA BV st provides
for & SRR BT HE PALGRRG CLLHT B RCAD S AR RS Co o e
Toll . ival .of the clai e t d
vero S S R R oot S SRR i e
panels By WA A1 ks ASTIBIRASLLC SIS DAMRN SRR WREE SRR BSture

produced by a concrete extrusion
can be problematic.

The present invention may be embodied in other specific forms without departing
from its spirit or essential characteristics. The described embodiments are to be considered in
all respects only as illustrative and not restrictive. The scope of the invention is, therefore,
indicated by the appended claims rather than by the foregoing description. All changes which
come within the meaning and range of equivalency of the claims are to be embraced within

their scope.
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“machine, the panel comprising a width (if), a thickness (7), a top surBCE/SG2007/000089
“alond the width 5 W, a bottom surface opposite the top surfac@Recéissid 1 February 2008
end along the thickness T and a second end opposite said first end; a top :

flange located between an inside surface of the core and the top surface
and a bottom flange located between an inside surface of the core and

- the bottom surface, the top flangeCAntIM8 bottom flange each having a
flange thicknéss (t) and at least one hollow core extending along said
NG e machine to comprising at least one auger within a chamber

havi 3|onso the width he th ckness T and the length of '
g s 5?% LB ISR R le esiagsion

f th
CeCEn E,‘%%S?a“;%?%%ng Sy ro%%%?i{oﬁﬁﬁya%sh TUR RS

- optsidRmH AR IBESIR R EkRiNLeL cansela agtarhintha.chamber

and.each of the at least one augers 15 is rotated within. the chamber to
pragudertiieppbiitasiidiisheit) w oo Bt Tinia pavebntheimnesiodace of the
comprising the steps of: determining a minimum flange thickness. (tmin);
crewsrrRthihgtemsinfied andmtbortén)fangedocanit dictdieam etcngi0y forfeaidfate core
least one hollow core; 20 using the width (W), the thickness (T), the blade
He(eotemeweites: s tanciangs, aad heketinm faars proeharig edlengsting a

g&fort ucg ttls er than or e ual o tmin foras ecific number
oner 2 sad mideg %"f’é'cp \Rgita fhrmagieRe of
R /g.qgmé %C%Q;gﬂg gg%@ggg%%cﬁmn%%y H;%ed ﬂe&n&%%n%%}%ﬂg%’a%%e

~ thickness 7' and the length of the panel, the at least one auger having an outsxde surface
. wrth at least one blade havmg a height (4) above an outside surface of the anger, the at
+ Jeast one blade extending cutwardly from and spirally attached o the outside surface,
wherein a quantity of concrete is added to the chamber and each of the at least one augers

is rotated within the chamber to produce the at least one hollow core within the panel, the .

~ method comprising the steps of.

determining a minimum flange thickness (tmin);

determining an initial number () and an initial diameter (D) for said at least one

~ hollow core;

using the width (W), the thickness (7), the blade height (4), the initial number (¥},
and the initial diameter (D), calculating a value for ¢ such that t is greater than or equal to
tin for & specific mmber (N} and a specific diameter (D), to produce the panel with at

least one of an optimized bending stiffness or an optimized weight.

22
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‘Received 1 February 2008 2. The method of claim 1, wherein the aPlea¥8G2007/00008%
“one Suger produces an annulus in the concrete radiating outwaRgsdias 1 Februsry 2008

the at least one core, and wherein said step of determining amine further

comprises the steps of using said blade height A, calculating a thickness

(R) for the annulus by 5 multiplying the blade height A by a compaction

factoremethasahejavmin Wisdrea at loasrogrontger thraduBes an Thalneinng of

claim 2, wherein the panel further comprises an intermediate web located

betWABALRAHI R ALY retiiomdie stdeash me cencrisbtigstited between a

first end cpre a the first end, an a:second end web located between a

NG CBE SRgema e SROPEEH e #2506t end web and

second &
the second e iy I I nd wegb.. thic s (F); wherein
the step of d%%?%@%%%%%@%ﬂ%ﬁé& dpllénrﬁsest@je(% %er)ﬁ’?gfﬁseby
comprisesttigsienstd migﬂtj@' j LW@&&M—L&S&I@@ least one

core to NI= 1; calculating an intermediate web thickness (w) such that w is
equal to 2A plersrg fintelbrosee! lacipgrandetadimg the end web thickness
(E) such that E is equal to A multiplied by an end factor; calculating an
iRitiGhematedsf @i sulgrsin| enankictre osimgites foimtrnede\Web
%%-ZE NI (1) 10 determining whether Dl is less than T; if DI is not less
Srerem e A el /arsons Rrey bhwtaad napdeehin! browestauatingd

G Ssiariras e R S5 halTu R R e
second end, each of the first end web and the second end web having an identical end web.
thickness (£), wherein the step of dctcfmining the mumber (N) and the diameter (D) further
comprises the steps oft | |

setting an initial number (NJ) of the at least one core to NI = |;

calculating an intermediate web thickness (w) such that w is equal to 24 pius a
tolerance factor; -

calculating the end web thickness (E) such that £ i;', equal to 4 multiplied by an end
factor;

calculating an initial diameter () of said at feast one core using the formula:

_W-(N1-Tw-2E
= % M

Dt
determining whether DJ is less than T
if D1 is not less than 7, inc'remenﬁ'ng the value of N7 by one and repeating the
calculating and determining steps until D7 is less than T}
_ calculating t, wherein t = (I"- D7)/2;

-comparing the value of t to tmin, such that,

23
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comparing the value oft to tmin, such that, 23 Amended Sheet WPEﬁJﬁ,
 4pPCT/5G2007/000089 Received 1 February 2008 if t = twin, th 75G2007/000089

has both the optimized bending stiffness and the optimized wei
less than tmin, then'the value ofNlI is incremented by 1, and the step of
calculating a value for DI, and the subsequent steps, are repeated, until t
is equal to Of t5 grérgtibe thael hasiboth theptheibatbeidila niShsdaiemdhe
panel further comprises a core spacing (S) measured from the center of
AERE welskticenter of an adjacent core, and wherein, if t = train,
setting N=N1,D=D1, ands=D+w. 5. The method of claim 3, wherein the

- panel furthelf dShipTidae ey ke uet M sinsmsoeaiedion. e derier

of re to the center of ap adjacent core, and wherein, if L is_ greater
R e D NG PR P e i o

tordilmiis,Lincalculating a value of D2, wherein D2 is equal to T minus
twice the value of train; setting one of All and N2 to be equal to N and

SeUiRg MetRreTRandingaBRie R and fhond inphe-e el gl insqider 1o

produce the panel having one of the optimized weight or the optimized

' evnding! $tiffn desceespettivetyrédio Becaneihotho hajayepnenef SlaimemiD, if =

wherein t is less than R. 7. The method of any one of claims 2-6, wherein

#resppat oM AckoT Birredrmde . 1.25 to 5.
5. The method of cleim 3, wherein the panel further comprises a core spacing (S}

. measured from the center of one core to the center of an adjacent core, and wherein, if t is

- greater than fmin, further comprising

* calcalating a value N2, wherein N2 is equal to NI minus §;
calculating a value of D2, wherein D2 is equal to 7 minus twice the value of tmin;
setting one of NI and N2 to be equal to N and setiing a corresponding one of D7 and

D2 to be equal to D in order to produce the panel having one of the optimized weight or

the optimized bending stiffness respectively.

6. The method qf any one of claims 2-5, wherein # is less thap R,

7. The method of any one of claims 2-6, wherein the compaction factor is in & range of
1.25¢to0 5, | |
8. fihe method of any one of claims 2-7, whérein the tolerance factor is in a range éf fto
5 mm, |

9. The method of any one of claims 2-8, wherein the end factor is in a range 0f 1.5 - 3.5.
10. The method of any one of claims 3-9, wherein the first end includes a tongue |

extending outwardly from the first end and the second end includes a groove extending

24
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20 8. The method of any one of claims 2-7, wherein the tolerance fa®@risSG2007/06008%
“in a fange of I to 5 nun. 9. The method of any one of claims 2-GReceirmeiri February 2008

the end factor is in a range of 1.5 - 3.5. 10. The method of any one of

claims 3-9, wherein the first end includes a tongue extending outwardly

from the first end and the second end includes a groove extending 24

Arardly drah gt seREd ad) R BEOO0HA00680: Receidad tidahelary

2008 inwardly from the second end, such that the tongue of the first end

& Retiotifidn fiera e f Waerierend endolencfiitisisppemd. end of

g7 adioinin ‘Péa%el 11. The:method of any one of claims 1-10, wherein the

bladé él’t;“ﬁ% 18 TR IREOBE R S8 {51 G A thobladedaightis indhesmasmd 4 to

qfyGigims 1-11, wherein the hollow core panel has a substantially

rectangular cross-section. 13. The method of any one of claims 1-12

whesiaAaRRr alyRaAc AL ITashons, B RN, INGALID e

longitudinal cross section of the panel. 14.A system for optimizing a

delsgnibiiy Relpw:bewopasetiproduced by the method of 10 anyone of
claims 1-13. 25 Amended Sheet IPEA/AU.

13. The method of any one of claims 1-12 wherein a center of each of the at least one

. eores is collinear with the longitudinal cross section of the panel;

14, .A system for optimizing a design of a hollow core panel pro&aced by the method of

any one of claims 1-13.
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