A METHOD AND SYSTEM TO DESI GN A HOLLOW CORE CONCRETE

PANEL FI ELD OF I NVENTION 5 The invention rel ates
whe@adiy9t o a nethod and systemto design a hoPCDSGLOT/@00089

panel that can be produced by a concrete extrusion

machi ne. BACKGROENBODF ANWENSITEM fidl bBsiGNr e wal |

panel s are prR-l@ELOWIUEL EORORETE PAVENY conti nuous
voi ds or 10 cores to reduce wei ght and, therefore,

cost. As a side benefit, the cores can al so be used
for conceal ed el ectrical and nechani cal runs. These

rrently produced by two basic
FIELDDnQEE#&ﬁ{ﬁPE\S net hods, the dry cast or extrusion
system and the slip formnmethod. hi the dry cast or

The jveplierorelaiessirasdly o g grethadspd sysier te §pvge Bollew peremagel that
t hrough an extrusi on machi ne and the cores are forned
can be psédugedibig @ cenayete eytresion miatlineoncr et e bei ng 15
conpacted around the cores. The slip form nethod uses
a higher slunp concrete wherein the sides are forned
either with stationary, fixed forns or wwth forns

BACKUR@EGRefoFaNi s Feshi ne, with the sides being slip
f

ornmed. The cores are formed with either |ightweight

: ates._f.ed [ h tubes attach to,the castin . '
Eﬂﬁg%?ﬂ A é:%)repvr\{%lg gaa{xe::]% %tj(% reg:éca tné ncret@ me%%)aer havnag fcgr?tlrﬂugrgs VOldS or

choreéd i n I X€
| ong tubes attached to the castin chj ne which slip
cores tp SPAHcE P g, &F’E?%H’Gt fPstades, Sl%ger@ﬁéhg cargs gipalsg be used for
on long |line beds. The panels are then sawcut to the ]
concealgshelegirifad tand negeheicalapng. hEh¢setnanels @repewsteadly produced by two basic
properly designed m x proportion of the concrete can
manufoubuning doethedd, thd dre cadtiol extesssorndysteing apd tied slip form method.
Notwi t hstanding this, if the concrete can be densely

JAché Ay B4stloyY ck@IPEE sPfem ! A iveryelolositim Erefellist fdfed through an

increase the stiffness of the panel. In addition, a
extrusitf HREhiRC A5 Fhe cBleS Qare formed using augers or tubes, with concrete being
compacted around the cores. The slip form method uses a 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, a 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 in higher durability.
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I'5 increases the resistance of the wall agai nst

i ndentation, inproves anchorages and intensifies the
woigti7es and wat er vapour resistance of the peeEBG2007/000089

resulting in higher durability.Hollow core wall panels

ABNoW ofPREll PRSI nda9 beeoffitibd@d Ve GG dedifndd i€ heR e light
i ght and the stiffness agai nst bend| ng 1s |arge.

and the lsﬁfiﬂﬁbrs a% %ﬂst'% 1n§qm¥§ es u{irlg it e?s Bfegdfgsehélﬁseto reduce

panel s but end

.S ness S. anmet er, of

the Welé%tr%ffs R B R LN rpine ﬁgﬁﬁeﬁsh Eﬁ%ﬁﬁﬁsr% e pyggber and
concrete to be wel |, conmpact ed during productign,

diametep 9f £9188 Ihthepane] aﬂ%ﬂﬂ%ﬂﬁﬁ%ﬂ)@ﬁbﬁw 86 gied%oneie&‘dt@&e. vgeil compacted
Therefore, the proper selection of the nunber and

during prodweiosy poticderyén fe etiusion ahgtherbof productfoor Thesefors; g proper
t hensel ves, but al so for designing the extrusion

selectioN @€ FeamWer ahd piaatbies @F cbite is\altical; aophct fd throddrashemtatves, but
wal | panels. In the extrusion nethod of hollow core
also for‘@&%mﬂ?@ﬁé e GhdBihe WIREY plodtest (R el Q%b%t@d h&l1d4e 6te wall
t he concrete does not col I apse after
extrusion. As good conpaction is critical for very |ow
slunp concrete, the extrusion machine has to be

gned accor wever d.earli
fro Bsaexirusion Srelbalb of alloHodos, il PREh BERGHiGH oY o stump
of the cores. The anpunt of conpaction provi ded by the
concreteistused s thatiliefonereieglaga B@?ﬁ?@ﬁPSC tep A¥fresi¢ier As good compaction is
consi derations, upon the resistance of the nachine's
critical fiarweany hew \whiprp tdsm:reteggthe sxention dechine hpanebe desiphed d4ordingly.
forward thrust. For an effective forward thrust, a
Howevéilhd AlthBordORtlidd] édgpdRaba i alsh euléndieby ﬁ&ﬂnunlﬂfbrtaha diameter of
sane context, the effective conpacted zone in the
the cordd@nel al so increases with an increase in the nunber of
augers.and bl ade helght However, blgger auger blades

e not n essar bet. S o Iar a for
B aRPlpo sagfctior pRRadslny Bk SR Ml R dshdent, among
ot her associ ated problens, There are also o her
other cqgpiferatians, YRR et R p@nees o they B Ehipe S o EBIt HBFb e HEgT xtrude

desi gn of
the panels with its forward thrust. For an effective forward thrust, a suitable auger blade

panels.

height should be used. In the same context, the effective compacted zone in the panel also
increases 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 eonsidered in the design of
hollow core panels. 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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hol | ow core panels. These panel s can be consi dered as
a series of |I-beans connected at the flange. Reducing

wo b@7filepge t hi ckness woul d reduce the wei ght PET/BGE07/000089
panel but undesirably reduces its bending stiffness.

s’uffnes@n The&v& BelehidNWsist SEHE bPthe! RBYRD whidiCHKNERSrally Now, when the

di stance between hol | ow cores) woul d reduce the” wei ght

pmwlwf&eﬁgégQgﬂgkh th negligible effect on thestiffness.

erve ‘to resist shear at the centroid, which

g e e T S

hi gh bendlng stiffness, the dlnen3|ons and in
in partiganthe diaaetarisad arevber e coapsal shawides opiimelbr ehosers sl dhoise of the
optimally chosen. The choice of the dianeter and the
diametenumidetheofiumioeresf stvesi|stodldsasd adke intd consddaatiter dtei ahility of the
the ability of the concrete in the wall to be densely

- concret@ BOthdRi 110 We Y ef U akd ﬁxﬁfcﬁﬁﬂjﬁ BEnPAcsiUdiiringbroduction. Unfortunately,

Unfortunately, there is nothing currently in the art

there is'UoHGR @Jnlr%@r P%G Qlltlwlﬁéh %]lﬁ]&ysaﬁ?\é JFeid éﬂb@@qnén"[’l%h&f Biclo®s to be

be actount I'nt esli gn o t he wa

ord 0 one enbodlnent of the
a“”““%?@@@ﬂgh$ﬁf\ upgﬁ%lnization net hod to design
concrete hoIIOM/core wal | panels is provided. G ven
the overal |l dinensions of the hollow core wall panel,
t he enbodi nent provides a specific nmethodol ogy for
produci ng the lightest hollow core wall panel with the
hi ghest bending stiffness. A series of optimsed
di mensions for a hollow core wall panel, according to
one enbodi nent of the present invention, is also
provi ded. According to one enbodi nent of the present
invention, a nethod to design a hollow core panel that
can be produced by a concrete extrusion nachine is
provi ded. Wthin the nmethod, the panel conprises a
width (W, a 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. The panel further conprises a
top flange | ocated between an inside
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surface of the core and the top surface and a bottom

flange | ocated between an inside surface of the core
war@7thg9dpot t om surface, the top flange and t heCeG20OMN00089

fl ange each having a flange thickness (t) and at | east

one hol |l ow core extendsoyiAag said | ength. The

machi ne conpri ses at | east one auger within a chanber

[
Ao e DSy RRRAES SLukBhgi ok 1 BBSASARe o 1o
. has an tside surface wth e bl ade
design REITIPI D SP R Ao RS s BRI - G1 el eRblqeipnsipgs of the
outsi de surface. A quantlty of concrete_is added to_ |
hollow ¢qte veahlopasisl, the gmbadinest pivadesta pregific ’@ﬁ"é‘ogﬂgé)‘ dorj gyoducing the
rotated wthin the chanber to produce the at |east one
lightest hollbwveoromeallwpartel witthheplighest behdingetifipdssi nél saties of ptimised
steps of determ ning a mninmumflange thickness (tm),
dimensi6hed €6rh Mol@wa cefe tialli panel Mdording térsheae@p&tilkhl of the present
di aneter (D) of the augers such that a cal cul ated

inventio®sYkofRbvilled.S greater than or equal to tmn, and
usi ng the specific nunmber (N) and specific di anet er

A B RELA o S SRS RIS 5P PR

ght .(A),,above the surface, ,and the. at | A
core pangh e Rt PR SR PAIGIoIoR A e Ergi. ﬁhm the

radi ati ng out wards fromthe at | east one core.
method,ghepanst cerapesasianvidth ¢ A tigkpasntDua top Sﬂlﬁféc%fﬂé@&ﬂ’@fwldth W,a

usi ng the bl ade heights to calculate a thickness (R
bottom furface bppasita tihatop stitface, 8 irdtiend atomgthe thidreessduald 4 sscond end
greater than R The step of calculating the thickness

oppositeédaid At aid) Wh@%ﬁepﬂmheﬁc@ﬁmhlt(&ﬂTﬁ&hg*é)loé‘ﬂvédtbd%b’én% inside
the bl ade height A by a conpaction factor. The

@Pﬁﬁ%&te' A8 hMpUrfadd g{,\aam Wt Abifbed E £ ril?{?é i€ surf:
surface I'n acconp‘?&)ijhl ng e stoeps o?ﬂ% he met (gg © ?)lanesz? ace
rt te at.e web,| oc

of the e e iy fom S ang om BB TG heyRg FP‘?idhaVH}% 2 flange

i weh | gcat ed be enaflrst en core the fir
thicknesg 45,%@ Atleastose Jatow ﬁarwseqdaz%t f/%é - dheapashineend

~core and said second end. Each of the first end web
comprisgsal lease oneauged veihin aeliangen having therdimgasionscefl the wérltine® the
t hi ckness (E). The step of determ ning a specific

thickness Undaerth¢ Nngthnat the pget.i TheatdeastoheaugeDhascaroutside surface with at
least one blade extending outwardly from and spirally attached to the outside surface. 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
includes the steps of determining a minimum flange thickness (#min), determining a specific
number (V) and a specific diameter (D) of the augers such that a calculated value for ¢ is

greater than or equal to #min, and using the specific number (V) and specific diameter (D) to

optimize at least one specific design parameter for the panel.
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then further include the steps of: setting an initia
nunmber (Ni ) of the at |east one core to N - 1;

we@adocak4ps ng an i ntermedi ate web thi ckness (w)PGII8G2007/000089
that wis equal to 2A plus a tol erance factor;

Gethe Whathdd) thel 1 2eaNéheBikdd Hﬁs%ﬂﬁ? (4 Fbovd e subfate, fand the at least

equal to A mul tiplied by an end factor; calculating an
one s Pl AT ok 2l ABSlas i SRS i coe
The step REAGEREETER B BRAIEE S%g%§f$ﬁ%%gh$ﬁé’ﬁégih§1‘:ﬁﬁl§?3ﬂt§5199‘ate a

. and determ ning steps. until is less than T;
thickness R diprthe Agpulus, fisaseitingrminrto g eapal to of greatsiphan g Thegep of
value of t totmin. | t tmn, one can proceed to the
calculagtgihe dickrssngf thhensges Rfcar baacdverplishid ywoiuliipdying the blade
dianeter (D) to optim ze at |east one specific design
height 8% arei@hctiodrfattbe P& mpdctioh ficorlcas Satyhdithih AirBagetdTARS5 to 5.
the value of NI is increnented by 1, and the step of

Wé&Hhx%ii.bﬁng heVRdpd l%f Eﬂ%" mahod,atlﬁg Fﬁrﬁ:@ cAHRSBEHRBIdS b Rftermediate

are repeated, unti Is equal to or greater than
tman..ln acconphishin t her s

web todgfRent P PPl 31 AR ik YGlesc) BRT Ry 8 Fy ol B@fesh dfivst enc
fromthe cenfer of one core to.the center of an .

core ang fefishends gt sqond end pigh focaed efvieeniySeayh e Gpge and said
specific nunber (N) and specific dianeter (D) to .

second gpd.i Rtcheofake fieshend wele anpieiseeandadivigh qsahanerideniigal end web
the panel can further include: setting N=Di, D= 0D,

thickness(®) SThB®stepiof Hatemailning aspenificanhitter OWedndst sppsifiofdidneer (D) can
met hod, the panel can further include a core spacing

then fultior iAGAEMNE Steps O dehithoCAIThRTal RhmPAGNIPHLthE At 1At dagRbRIto N1 =
of an adjacent core. If t is greater than tmn, the

o SR SRS PRIy e
o P LR BR5) 5 L RS Bl it o

m nus_1; calcul ating a _value of D2, wherein D2 js
factor; %g}gpﬁng an initia diamete% (D1I) of said at least one core using the Ilormula:

_W-(N1-1)w-2E
N1

D1

determining whether DI is less than T} if DI is not less than 7, incrementing the value of N1
by one and repeating the calculating and determining steps until DI is less than 7; calculating
t, wherein ¢ = (T - DI1)/2; and comparing the value of ¢ to tmin. If ¢t = tmin, one can proceed
to the step of using the specific number (V) and specific diameter (D) to optimize at least one
specific design parameter for the panel. If ¢ is less than tmin, then the value of NI is
incremented by 1, and the step of calculating a value for D1, and the subsequent steps, are
repeated, until 7 is equal to or greater than tmin.

In accomplishing other steps of the method, the panel can further include a core

spacing (S) measured from the center of one core to the center of an adjacent core. If ¢ = tmin,
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to T mnus twice the value of tmn; and setting one of

Nl and N2 to be equal to N and setting a correspondi ng
wor®70i472% and D2 to be equal to D. In some enbOOSEENT/B00089

of the nethod, the step of using the specific nunber

the step(olﬁhsiﬁg ?léess%gaiﬁt:inﬁnﬂye Lol s?@iﬁ& BiaRRldr OY & FtiniSeatleRBne

speci sign paraneter tor the panel” can further

ol 6 B S S L8, LV P L, g5

In still other enbodi nents, the step of using the
tw. specific nunber (N) and specific dianmeter (D) to
optimze at |east one specific design paraneter for
Thealquiatisle additionplciteps of hetmethpdithe panedcan fiethetHnclyge a gare
panel and maxi m zing a bending stiffness of the panel.
spacingl(f) measarednfomd ithedenser of ohdieorp tetherentenviemt adjatentt doge. If £ is
value of t is less than the value of R The holl ow

greater Gah EnPA R stpAT RAYSaR spUbIsit Abinbe? (V) 2h8 epvifitiliameter (D) to
cross-Section. The first end can 1 nclude a tongue

o S S SO B R
A . f th j .
e 35RO e S T OB e B i

the second end of an adjoining panel. In still other )

to 7 mimpiwinetbnvalue pf frg; mdssiing g eEAYiasd Nofobssausl tofV andsstting a
of the at |east one cores is collinear with the

correspbriigg onefifdl and D240 beequabto Bf t he panel. The
conpaction factor can be in a range of 1.25 to 5
H donieahifsdsmemEbf thEigethed, gicnieeotdsingdibe ispecific magber{V) and
to 5 mand the end factor can be in a range of 1.5 to

speciﬁcfrd_ringincletgpg) db%ﬁﬁnﬁ‘fé AMasCHR %g%lﬁe dbdign ?ﬁﬁﬂl@te@for‘lhé Panbfcan

ition to the net a system for optimzing
[ f l.1.ow .cor r .
P33 ogP of Ribihif8 G HARSE B ARER B bR bRt
... the specific sign paraneters di scyssed _above.w th
stiffnest QL8 Bidlo % HAl HOPHEROTREN Srflb seReh ESTb eRRES REAligher (V)
in accordance with the present invention provide
and specific diameter (D) to optimize at least one specific design parameter for the panel can

further 8

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
include 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 a range of 1 to 5 mm,
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several advantages over the prior art. In one
enbodi nent of the nmethod, a hollow core wall panel is
w@e@daeges t hat has an optinmal |ight weight forPEI/g6GueM000089
set of input paraneters. In another enbodi nent of the
and thP&ERS@Bbr EVRSThiaG8ngPoI0b toyVs CTREbIAL heiBB@n beSn the range of 4 to
produced that has an optiml bending stiffness for a
14rmngi ven set of input paraneters, hi yet another
enbodi nent of the present invention, a hollow core

1. .panel .is oduced t hat has. an optimal. hendi n
el deanShOE hoeh BhonRizg - eisPpga Holph gre panel
i nput paraneters. The reduced weight allows for a )
produqgsd B@ ithe mathod f arsr enecfsiamis dal6 is HTeyidrdu e sysigm uses the specific
I ncreased bending stiffness enhances the performance
designhranieterp diselssed abonietwitit megkchioghe orethed. pressures and/ or
heavy door slanmming. Additionally, the optin zed

dethd BmBbdEmeaitSi e rhdtBodl fNsR oA celMithohepeasea@ltaion provide
of the concrete within the panels, which inproves the

severalaﬁwgﬂ{a?%fm%? Ql?tctntié(r A iPEnPasddimeRchaths heiiode s l_fo%l&% core wall

t o bet resi stance agal nst 1 ndentation. The uniform

. COo cli f.urt her .prqui faqr nore d .

panet (Bl dfer il R St 8 B RED 4R fbters. 1n

agaj nst water vapour, and noisture, as |1 as

anothef BEPRRESE PP BIESFEL I ePigbe: bl tart el Papells Progucqgyat has an
of the panels, by way of exanple and not limtation, _

optimdl fhending stiffhesadpr & given sahef iapetrpasrmetersorinpist srqther @rhediment of
be probl emati c. BRI EF DESCRI PTI ON OF THE DRAW NGS The

the preseaioinenyom g Holdow ngse walkli pdnehise prodocedptiratthes! ain nepbingah dbending
constitute a part of the invention, illustrate one

stiffnc8X AP he o?ﬂﬁ@ﬂivd'é?glﬁ fof at Hifed Bt St inPit pdREMEREY The reduced weight
- explain the working concept of the invention. It is to

. b . H . .
o B T IBUENSonk el S OBl it

ustration Inttron o

limts of the inyentign, T dr awi ngs her ef or e,
entansgs B Frsfosmans SAMEF @D i B EteR v BEEFHR dior heavy door
invention in which: Figure 1 is a cross-sectional view '
slammigig. 3 typi cal hol | ow core panel according to one
enbodi ment
Additionally, the optimized design 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 to better resistance against indentation. The uniform compaction further‘ provides
for a 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 exan'lple and not limitation, in external walls, or wherever water or moisture

can be problematic.
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of the present invention; Figure 2 is a partia
cross-sectional view of one enbodi nent of a concrete

w@anel114%3 r uder machi ne accordi ng to one enbodP@ERG2001/000089
the present invention; Figure 3 is a cross-sectiona

vi ew of theB'NEFQXES@(ﬁ’T@@WbFQ“H]fD@MWIﬂG%hOW ng the

conpacted area as an annulus around the core; Figure 4

an _flowchart brlef elaboratl t
T Ar o st o€ PRl 808 SRR P P gl of the
and ures 5A an SB s w Ta 1, that provides
inventigny ﬂgwétgrqlts rone example egib gp@rgv\p{&e 1rwaqlt?onp§pl |serve to explain the
desi gned according to the nethod of Figure 4. Figure 6
working monserd of| thevinteation, |It us to eivnderstard: howeeaidthey sheediapgngs are
design a holl ow core panel that can be produced by a
meant 0 flbusatBorexiily sidomot ana ldefigitian o6 thedi ligitd af tha iexatiql. EThe drawings,
enbodi ment In the figures, |like parts are identified
therefo)d, F)Fb\/'ldé‘&lé’ﬁiﬁﬁb?é SbalnbAtd? RGP Hlvehti b1 BUvEich:
I'fTustrates a cross-sectional view of a typical hollow
core wall panel, designated generally as reference
nuneral 100. Panel 100 has a width 102 that defines a
Fi ﬁog surfac 4. andfatbottlglﬁ surface 106. ggne
18UIC £ 47 £ (PS¢ P? SEEV Q! fYRIPA RGOV FE B 2 €8
110. It is understood that the designations top,
of the pygtepbinyeRtiqnst end and second end are arbitrary
" designations provided for the sake of clarity in
Figure @ sca psitialy ctdse sedionausiciveetfi ome smbbditivst efiiaouinmeste pael extruder
illustrated in the Figures, and are not intended to
machinkelattdrdingite oaebabbdmitht 6f tht Peeskitvavdntion; i n any way. hi
some enbodi ments, the first end 108 can include a

Figure 8 qg PR Qgctﬁﬁﬁlexﬁgw 3G IR o e gé&‘irbf PRutd 1 slowing tHO&mpacted

second end 110 can have a correspondi ng groove

uch t he .tongue 109 of one panel 100 is
areaasjaﬁa @ H@ﬁ*&%ﬁ?ed to nest within a groove 111 in

Figure 3n1sf ﬁgen %%Tyﬁ}%ac}rgtlﬁg grq;o grcrillbnglment 0 rallerlnet}log tg ao%tlmlze the

design of the concrete panel; and

e(%fgoembodiment

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 numerals.
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Panel 100 further conprises a plurality of holl ow
cores 114. Each of these cores 114 can have a di aneter
wQai®7/1H719% her nore, each of the cores 114 can bBCT/SG2007/000089

separated by a distance S (center to center distance),
desi gnat ed genera umeral 117. It is
under st ood t hat, %%I Eﬁébgﬁggﬁ gngnbodlnent
descri bed here descrlbes the cores 114 as round and
having a dianeter 116, the cores 114 can have ot her
shapes w t hout departing fromthe scope f.this
o nbigHer b rHIUStERiesha GROSSHECaRAD e 1 IR lﬁéﬂ’d‘é core wall panel,
surface 118. The portion of panel 100 between the

designatnd igdeeraliyr dsanséeranc® mumerdld 09oRagel110P hasck widéh 1 @pthat defines a top
surface 104 and bottom surface 106 of panel 100 is

surfaceC @4 aad @ Hdttengsyrfatesiognakadl gem ddhdr \coamprisef erfasicend 108 and a
nunmeral 120. Furthernore, an internediate web 122 is

seconddé:ﬁcd' Ned 1% SRrSRACHPEE RS %rxé‘iﬂin@@@ﬂ"tboltﬂﬁﬂ st $HA }aA€ 86cond end
118 of adj acent cores 114. Additionally, an end web

I R e
> left side 1 de 110. r po

the embpSieias ftraa?flo e FieempBlinhaitt T Fmvﬁ enitfo%lmem of
all of the flanges 120 are shovvnas uni form faor al

the invenfiems imany WY-hitsqmamemnbadiments; thefirstesnds (48 qaﬁénf}uﬁiepéé@gue 109
of illustration in this enbodi nent, the thickness of

extendalg owrfvatdhe friont e nfirsli aitdel O8e bEhd 82ondiend BdO lvaw havere berresponding
124, are shown as uniformfor all cores 114 within

groovePRINEbuchGbat thibwages 109 &f snelfRadl 100tis Bigaped and sl guddictotdest within
thi cknesses can vary wi thout departing fromthe scope

a groo@e}‘ fhg a%@ﬁ%%ﬂf?ﬂgé % tﬂ1§1 Qécﬁﬁl%ﬂtt Péuﬂ:Y 206 hé’@a utkif@H tRickness 112.

ustrate xanp e a conéfete pane ext rusi on

h nated I refer I
T3 1y 5 e R SR s s 1
machi ne 200 |nc des a franmg 201 t supports
can hayg ¢ diameseitl 16 FopBerngre.gaeh ot e cossr 13 o34 58 ﬁ%’%?fﬂi%% distance §
200. The nmachine 200 al so i ncludes one or nore augers
(center2ipTentse distanceyaesigratedcganesslly withorefqsenps| numggal; Id 7F|Ibl§r1‘élder5t00d
1. The augers 202 include one or nore bl ades 204
that, wéyiler thk|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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attached to a surface 206 of the auger 202. Each of
the bl ades 204 have a hei ght above the surface 206 of

wo b@7auvges 202, designated generally as refer ePCESG2007/000089
nuneral 208. The bl ades 204 are attached to the

as umf rifof"ﬁl‘f 6120 184 W?t?hrggﬂe? %_%(Yj eSil LSl SRY hﬁdsleé’ of$lustration in this

er ence nuner e machi ne 200 further

e..a ,not or cte ve I
eosoc B BR3P B S Sl B8, o, e
box 216 can_be attach d to ihe frame 20%%%ang
shown gsgmifosm; feall ceres | 44 Pribimprnet 400 odowaveohisased npbppibe case, and
218 is attached to the frame 201 for providing
the thicknessesetaa vaoy witheuhdepaftng faerribe prope @f the mqu@mame oof fipgpresent
Is attached to the frame 201 to facilitate the
inventiéinpacti on of the concrete fromthe hopper 218. A
counter weight 222 can also be attached to the frane

2Qo1r0 of MGERGEs S5 bddmp18 of RoBrRIY Rl EXAGIY AE&SSe, delignated
|s understood that the particular configuration for

general F}/uas P?é:rre]ll) 5 xﬁg dﬁ(ﬁf ‘fc?f}&%dﬁ&ﬁé 2}# ﬁolf?}r\)ﬁ}f&g%&ofw} PBhe machine

0S€ 0 raflo

200 inffdes, &t RN R 3@%@}%@8“ s of the

of the enbodi nents of the pr esent i nvention. Concr

maching 269 Jhewrrhineaake inelgges onmiw mereiangss 42 ased tﬁt%alieﬁée cores
machi ne 200. The augers 202 formthe holl ow core pane

114 of felby0®xd Fglirad . t Adecorgerse2® invlwlesorshamnbwre bRles 204 gpirally
the desired di nensions of the finished panel 100. In

attache8 868 sRARQIROEDE Sie ABANDEY. B2ch 68ihebiideb @04 ihaed udeigat above the
tongue and groove former 224, designed to formthe

surfacetz“{?ﬁ%f?hé-g%ep Bod '&sifg‘nﬁt%& g@ﬁh‘}aﬂ}o% refdich deHRB A 208. ]Ifl=ﬂ> bPlles 204

second end ome enbodi nents, the nachi ne
d|r tlon |H
ae B9 S MRG0 206 B 5 S00 {RMpbLLy Bl e PR BRI 210,
the direction of  a arro 228. s under,Sst ood .t hat
{Tie mpAchine; 3 Oreandiphier eld armwﬁéEb%F%&&ge fﬂy 28t dBlrt 214 10 2
illustration only, and are not neant to limt the
gear bogrdlédi Thermetos 212 hdriverbedieitd, mnd aparibon 216 canpegiyched to the frame

Figure 3 illustrates a cross-sectional view of the
201, andotdllevtivedy dripatied addets 20wiAngorerete hopper 218 is attached to the frame

201 for providing concfete for the manufacturing process. A vibrator 220 is attached to the
frame 201 to facilitate the compaction of the concrete from the hopper 218. A counter weight
222 can also 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 embodiments 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

10
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annul us 126 of conpacted concrete around cores 114.
The annul us 126 is generated when the augers 202 of

wo b@78x47pusi on machi ne 200 produce a core panePCLBG2007/000089
Since, in this enbodi ment, the annulus 126 is

having B H&stlel Mirfédstots ¥ the?fiMbhedahély1 00f h 66the @Mmbediments, chamber 223
unconpacted concrete, designated generally as

o oSS B b 0 OB g 0
[ I .
st s PR SR RGP B Lo S BRlngpctine

to one enhodi nent of the present inventjion. The .
200 can gaveip aglitecden dhistpted by ap droas234, g&{hﬂgghqcmcr g wall panel 100 is
desi gning the augers 202 for the extrusion machine
extrud@Di, the lérectaineoDdn prod 2281 dnis undertstdod , thatitbe dpeettbnsfshown are for
_extrusion of the wall panel 100, would first have to
the pulp@sdéiedt ill@siratida Sinthg S GRE Aol Sieddad Qindt tHY @abddidknts of the present
constraints such as the quality of the wall panel 100
: ; %E\Q houl d al so be taken into consideration. The
mventl(gjfég?gn o?ﬁt he auger 202 includes the determ nation of
t hei ght 8._an iteh 210 of ~1h ' .
Fagpac A <X Rebar Ao he b hotoWoFy et | ghgying an
annulugghé eg%g&c%q%%){gvﬂrgpg (Ifqr{gsf ﬁéo \r,\lg}ze]za%%} lhlté Hb%é%gern%rsatted when the
produci ng annulus 126. Since the thrust is primrily )
augers 2p2 of the axjrusine nfashing 280 praduen 2 eeretraacldidl. Ginagpinethis embodiment,
bl ades 204 as the augers 202 rotate, the portion of
the antiiles cIRéc ietbasindby eirctlar,t heplemlity df 4egiond dfbenceulyacted ecbncrete,
to the highest conpacting effort. Since the bl ade
designft8d gbierAPBagiidf@ehdeyint @it 128t b b fouad fh the hdllowh€ore panel 100 as
conpaction of the concrete in the wall panel 100, this
paranmeter will be considered in the design of a method
to produce the hollow core wall panel 100. The

cogpacti,a f the concrete can be unj f.or t _any.,equal
- oFRaR Alpstiss"Foc RRERGS ourf Partipd MRt ecB g M Feterence
the caore 114.. This then allows one to assune the .
numerg] {00 367 rdyies e hdlow ¢ore papel Ul aogerding to quemeghodiment of the
shown in Figure 3. The thickness, designated generally
preseniginvpnticne Tlet fodlowiyg discuskios referencessFige®s dehl th gﬁsmh@the augers
obt ai ned by factoring the bl ade
202 for the extrusion machine 200, the rate of production, that is, the speed of extrusion of the

well.

wall panel 100, would first have to be decided. Besides economic factors, practical
constraints such as the quality of the wall panel 100 produced should also be taken into
consideration. The design of the auger 202 includes the determination 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

11
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compacfip f3cterf 38 S BaagiAn

hei ght, designated generally with the letter A (208 in
Figure 2), with an appropriate conpaction factor/as

W@ b@n14795 Equati on 1 below. R =fA (1) In the BUFSGUO7/000089
of any scientific determ nation.of the conpaction

affects gl 'il?fforx{n&mgy thB%o ggétﬁ)'h e 931% 48 ﬁi‘ﬂﬁe%aﬁp 1 ?@(}‘ %13 b@rameter

st oo owever, at ot her C rrpact

. fact rs/ used. wi t h t|n
will be dis et i e st s RO ucs#@?%ﬂ o fie e 5‘@89
exanpl e, in sone enbodi nents, the conpacti n f ctor
/ c Zhe pempagiiop it the ¢rucreimens hsrunifopn af gy eqy istance from the
enbodi ments, it naybe desirable that the th| ckness of
centret dfethl argge 202001 thel eare tldan This( tive alkivek e 4o assumkre the annular
annul us 126), as this wll mnimse the | ess-conpacted

compaéfbﬂezonédltilﬁtdr@lﬂﬂi thy, cokd 1 SPaE slao i Fnis 3. tThe thickdess, designated
hei ght can be in a range of 5 to 15 mm In other

generd i ﬁ’fe']%ﬁ r B df% Q%nﬁ{ﬂuz 156 cdld THed e Bi8ed bZQ'actc-ﬁlﬂ?g the blade

|c ness t'he ange 120 is also governed y ot her
tors such a [ | t ,an
height A0 (4Gl ARG RS 3P TR i PR 2R i, appropriate

nlnlnun1f ange 120 thlckn% tmn may be defined for
{PeloB* ade hei ght can than be

deci ded based on equation 1. One fornula for
determining tmnis shown in Equation 2 bel ow -

~(2)As mentioned earlier, a mninuminternedi ate web
122 thickness is desired. RHoyiever, for this, the )
di stance between augers 202 shoul d al so be a m ni mrum
within a practical limt. The mninmumthickness of the
internediate web 122 between the blades of adjacent

augers, then t e bl ade hei | us,.
It b af (485 Grietiire dITREBIS e ol sPiptEash iy S mey be
can depend on a nunber of variables, such as,
conseryptivsty dptuEnednie broeaual e Latlt énundastood domeven ﬂw& i91e coppaction
the auger, which can further depend on the accuracy of
factors fimap atso beesed withowateparting frooeths scope efdhis corvodimant af e present
the tol erance factor will be about 2 or 3 nm In-:
inventidd, Foh aixempleh dielisomB tetnbodiments, the compaction factor f can 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 to 15 mm.
In other embodiments, a range of 7 to 10 mm is preferred.
The thickness of the flange 120 is also governed by other factors, such as resistance
against impact and provision for the anchorage of nails, screw, etc. 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 determining tmin is shown in Equation 2 below:

t <R. @)

12



10

15

20

the tol erance factor can be between 1 and 5 nmm In

order to determ ne an adequate bl ade hei ght, a nunber
wo@Roo7act’es s can be considered. It can be desi r Bi/8G2007/000089

mnimze the web and fl ange thi cknesses so that the

As mexgﬁin‘éfl%ﬁ?e o ﬁjtﬁ% %EI a dehﬁé WeB 4o tﬂﬂ:kh&% iWRieghld. However, for

t aneous elght shoul d be

o oL 'ezég' B2 e Al i oo
s e 0 L R

bl ade hei ght can be from4 to 14 mm Annotati ng

twice theblederbeight Busne toletaneskiaetos Trvakue afiibe Hleranemiagiep can depend on
t hi ckness 122 can be expressed using Equation 3 bel ow

a numblr 32 Aartitdte sadicas, by WAy offeaampleundt wit dmaitationdtheemasmo of wobble
t he machi ning accuracy. Wth reference to the end web

in the 2b88r, 3hiGhOM Yulthertd ePbiEor] thethcbith 6K HEHS ex @S AR i@#on process. In
genérally with the letter E, of the end vveb 124, can

some P AGLY, e BST fAoEQTbL U 25! Py E17 e ambodiments
be d ived frqm ot her ti ples of A without departing
the tolerange, ‘F’f@r?&d’ﬁ By | Eglrguein’ﬁlﬂjgl ment of the present
i nventjon. For exanple, Ecan be in the range of fro
a@uprder got detgmune Rar adaqualg hlgde theightgar Bumbergpd diclpFecan be
panel w dth, designated generally with the letter W
considandl fTheakiredssirable 3o gminingide glenwelalhd flangathitlmesses se thdr the void
the optim zati on nethod 300 begins by setting the

area isndaalizéd B RAudhg e watght.hBimulifinsusly, B¥2bladbdeight should be
subscript 1 and 2 used for the nunber of cores Nand

sufﬁc1é}nﬁlgela%ga§56ﬂﬁf e @Rt fo? thd BSeer Q8 SBIHRAE S0 %&uﬁ&‘@ﬁfea&amg In some

optim sed sol utions; one optim sed for mninmm

embod%e @1?:%) etsg 1@%{6@ i z? é aH%;] g&%tgo%b\eegﬁﬁ%%@nfd fnrrﬁ % c%ﬁtemplated

esses fr

Equations 3
In yet other embod?ments tﬂe blade 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=2A+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. 4

13
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4 above, as shown in step 304, and with the initia

nunber of cores 114 as 1, the dianeter of the core 114
w0 g00comes ed from equation 5 bel ow, as shown i PCEE€07/000089

306: W(N1- 1) - E A (5 This equation conputes the

Tt is uHESSRLE" hdw&eLf thhh reCBI@ndsh4E THE bel 3 lvedh®int fiBerCRuRDles of 4
114 are distributed between the webs 122, 124, the

i 8BRS R i i, s

t hj ckness T(112) .of nel _.100, this is undesirable, as
Ecanlgq:]g,gﬁemggpé O@O%’,Omaﬁ t‘f%wé' number of cores Ni is
prggr essively increased, as shown in step 320. Steps
ReferrpaaiovaindFizne 4 eivendhe paesy wigth, destgnates] gepgrally with the letter
than T. The flange thickness 120, designated generally
W, andthitknesd, dedignatdéd gememndfyatittothedetter| Hwhe optimizaton oethpdt Y begins
as shown in step 310:In step 312, it is determned if

by settidiethklndf®er bNeGkNFE S 1, dsSheRH @ step 3021 Mhelshibschipt Eep@R used for
totmn, the dianeter and nunber of cores obtal ned are

the nugﬂ)tep iog I%élieg% ?’?@ Q! (fﬁlcuz,gﬁe?ﬁ) afeefor \‘éﬁi t@?rps%h{bnﬁé‘ of Igéj%li)zg?fegpthe two

0SS st ness an owest wel g as shown |

. .314. This ends the.progess,. .as_sho in_ st 316. The.
optimig rsplliie oo cPORIY oo JHEntad 58 S opfifrised for
. spacing S between the cores 114 bhec s. S = D +w._ Next
maximyn giffiessi heowmneithgmfqrogdiate; @Qgé‘éﬁ‘g{ﬁw@ewe%% Eapatigns 3 and
tmn (conputed in equation T), as shown in step 318.
4 abovief as-shomat ingtapal e, andyavithtthe initial pambgnpeeores 1 tbpes, the diameter of
is progressively increased, as shown in step 320.
the cofBt I@ds Sifapited Bdd aueatidlh®belowpaadhedndnisiep 3061 s nore
than tmn, as shown in step 318. At this junction, one
hal f of the solution, that is for subscript 1, is
obt ai ned, while the other half can then be obtai ned by
usi ng equations 7 and bel pw,\ as,shown in step 322:
JV2 NL - | aHd (7) Dle %'?N“)W 28"
1

&)

This equation computes 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, # (102).
If the diameter 116 of the core DI is larger than the thickness T" (112) of panel 100, this is
undesirable, as shown in step 308, and the number of cores NI is progressi{rely increased, as
shown in step 320. Steps 306, 308, and 320 are repeated until D/ is smaller than . The
flange thickness 120, designated generally as the letter ¢ in equation 6 below, can then

computed as shown in step 310:

©)
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D2 =T-1t 1 n . (8) The subscript 1 provides a solution
in which JV (the nunber of cores 114) is maxi num
wobk@raas9subscri pt 2 provides a sol ution i n whPChSG2007/000089
(the di ameter 116 of cores 114) is maxi num To
g 9hE MRIGRAI to smin, th
In stepl 12 R %t%fz%ée& ?ﬁ%éﬁéﬁﬁtﬁ%ﬁg&%m%ﬂ?‘z B 4R g i, e
voi d, rat |

d
M L u%%% 0 born he
highesGRaSe v%%%ﬁ%?ﬂe' vv%éo@glgﬁe%?zo%wiém%pp e 'ﬁté 'thoﬁgwecess as

rati o, designated generally with the letter a ,
showngihveep BY6.edliat optimiked Belution ischen (V18) NAWP R, emﬂt‘the spacing S
vari abl es have all been previ ously defined. On

betweénf{ﬁgg&%% pg;ggclg,ﬂ{eggnzt > and (10), one may concl ude

arger pro "N and D2 woul d increase the

Vlg?xiq Jre eteorfrﬁgetz {faﬁ 1E}le‘r’ls’eth_bggessz‘ ffgr%%%g ﬂ}angs %g( a)tugédsignequatlon
edlfferentlatedfor opt % tiffness,
2), as hewsrpsRBPYS- d 1S ARhIHEAIT ?%B”’ﬁs%‘e B P EHFL 4 R grogcessively
opti mal weight, if the product of N and D2 usin
increassdpascshiopn in step 328r GéepstI0ario BAS apsr hameepested nnthgisprore than fmin,
usi ng subscript 2, then a first solution that
as showh in ste5888.t he wei ght is provided, as shown in step
326. This leads to the solution that = N1, D = D1, and

t RethSREETE, Snd BAIWRE the! JdRuthR Bt 1sLtbr RESRABS1,3s ohtaiid, 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-2t_ . ®)

The subscript 1 provides a solution in which N (the number of cores 114) is maximum
whereas subscript 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 I, along the longitudinal axis of the panel cross-section is given by equation 9 below:

wr?  aND*
I, = - 9
12 64 ©)

15



10

15

20

As further illustrated in Figure 4, if the product of
subscript 1 is smaller than the product of subscript
wQ200het19an al ternate sol ution that m nim ses PEESG2007/000089
wei ght is provided, as shown in step 326. This | eads
iti h i z i édidtion 10
A o o ey B dion |
of one core to the center of an adjacent core,
i kewi se becones S =D +w. In sone enbodi nents of the
present invention, it nmay be desirable to choose the
nunber N and the di aneter D which provides a solution
closest tot =tmn At this point, one can conpare the
product of N and D4 , as shovi’ in step 330 to 10
determ ne the opti mal sﬂ???gﬁ§s. I f the product of (10)
subscript 1 is larger than the product of subscript 2,
hen .a first | ution.that xim ses the stiffness is
Wherehlﬁowa ?B%Vf @ﬁﬁ%pwl%’ls pderér’%ﬁc.li'Thi s leads to the
solution that N= N2 , D = D2, and the spacing S 5
On inspettingesyuatiensc@) esd (10), bee orayscogcladeythet P, langee predugbobV and D
D can be conputed by equation 11 below. A _ L-ND- (N
would Inerédse thenoidgiobuededieasé thehstiffnass. abl es in equation 11
have been previously defined. This |eads to the end of

tBRcaBhNAR 3R6hal, a8e $HEWBlutiBnSWRA s8B<ript i an@R tEbOUHREentiated

hand, the product of subscript 1 is not |arger than
tn : b, . | n %l timal
for opR) PHERHER B REplhelE oo BN A o8y 330, 25 Al Boptima
.. step 336, This leads to the solution that N = N], D_.=
weightpif t%srpaociq%ogyap@rln@ SBEHRDt ha® Bsesdban egupdis f N and D
S=D+w+D. The value of D can again be conputed usin .
using seript @ntheh a ki whtlonghatanigingiseuthieoreightss provadpd, asoshowa 1n step
end of the method 300, as shown in step 338. hi sone
326. BAYRAISBNS s6litidh@aPNes anf Di=nypnirdihe spicinBY bbieveen the cores 114
desirable to choose the nunber N and the dianeter D

becomMcChygrovi des a solution closest to t = tmn
ecom&%‘ger(ai g on whet her one wi shes to

As further illustrated in Figure 4, if the product of subscript 1 is smaller than the

below:

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 = N,, D = D, , and the spacing S
between the cores 114, as measured from the center of one core to the center of an adjacent
core, likewise becomes S =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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m nimze the weight, maxi mze the bending stiffness,
or both. The optimal design is one in which the panels
wao@7mowbsl be the lightest with the hi ghest stPET/R€3H7/000089
agai nst bending, given the practical constraint to
. Lot ngss 7 S ' . [
This leiﬁggggo ugdfﬁtﬁ?n Eﬁh\{wolﬁvb Bco rDé ( a?& I'ifl@gﬁ%l cg bgﬁ)?e%ﬂsthé‘%ores 114
better insulator than concrete, this provides the
become¥ii=tl? driat Aadlhtahegeolah can e sampputed o pavgtion &1 belewiml
transfer value of the hollow core(s) 114. The design
al so all ows the panel LLQUDt-qAbel)aen3Ely and uniformy
conpacted in the eRtT USTON RFQ¢ess, Tesulting in a (11)
panel 100 with a dense structlre. Besides contri buting

bendl stiffnes t he _dense struc e .al.s0
where 556,08 S REIE FhETAIOn . VS PG gTe Dy Sed” THs leads to the
i ncreases the resistance of the panel 100 to
end of thequpthad PB%, asshewn fyste 3346f water, noisture and water
vapour, hence enhancing the durabllity of panel 100.
HE, o1n itlge ethieo diand; nthe gfroduvé of rsebemipt iInisemdti larger tthan the product of
nmet hod 300 all ows one to determ ne the optimal design

subscrf 2f fRnRangtenal® Qolbios ehe Ghixd@ised thelittiRbSls frbbidefths shown in
‘'t he specific nunber ofcores 114 to mnimze the weight

f I at g} yyy
step 33%. ﬁ{i?lege ertpng'%gu 1@2 {h%{ : rrg\l} Sai Q’nm%#&lg %g&%@})ét@f%bthe cores
by sel ecting the dlaneter 116 and the speC|f|c nunber
114 beggmenf 5D 11t +1 4. Fhgivalvg of Aranggpiprheccomppted yiingegyation 11. This
100. Additionally, the nmethod 300 allows one to
alternattedctutionalsd headeo s ithraéndleSihg method BEO,parsbosnliGGtdpy338. In some
sel ecting the dianeter 116 and the specific nunber of

embodfRéRS of Bk fn‘és@ﬂ’tlﬁlvéﬁhﬁh Nt Syt B d¥paBIRt to hdodtethic Musbet Neand the
stiffness of the panel 100. Based on one enbodi nent of

dmnetm% \91%11 5;} ésgansoﬁaﬁ %1 %OS%QtQOQL L,t}g g@é&g@goﬁ RhERLE &b wishes to

seri es m se I mensi ons derived
ho wcor OOh |ng j dth of 598 mm as
mlmmlgﬁg% HARTE O ROSHAOZRth) 1 Tabl @ 1, the
thlckness is the thlckness of the panel, designated .
geireppiimyl designeiseonenine Whishethg | pangls 110.9 wpydrhe the lightest with the

Simlarly, the nmethod provides a nunber, designated
highestyetiffiness| yzamst bentling] efivenr the, prtticad r @msttdint haviradnca them. The

lightness is achieved by increasing the volume of the hollow core(s) 114. Since air is a better
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 uniformly compacted in the extrusion process, resulting in a panel 100 with a dense
structure. Besides contributing to the bending stiffness, the dense.structure 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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di aneter 116, designated generally with the letter D

as discussed with reference to Figure 1 and the
weouwatlioes. The void ratio is conputed usi ng EpCESGTNINT/000089

10. The volunme (in cubic netres per netre | ength of

cores Ilmeto\’iﬁihh'}uzb ﬂieC\Q&Eh'tt &Qhé*?éﬂw 16mealemaiel 'I}a thé'mEA4a 1500 ﬁll&ﬂfs one to
bel ow. Vol where D and Tare di aneter and

detem%%@{ %%gziguai Séd? SI&% tﬁg 'pXﬁl ?@Bg ‘§§1ecth{grﬂl§ rdﬁa\.ﬁigf& ﬁ'@seand the specific
by PE e TS e BF T4RAP 2 ooprLisd rafyignaliy the foethod 300
mnmtol erance = 2 mMm corrpactl on factor,/ 2 The results

allowst qgte ipregarmins: the<piirah desem af the panelsckUphby aelectingttheidizsepter 116
are shown in bold typeface in Table L Based on the

and the epedificnubbei ofedrdsri 1#ab bethlmirtilmésefthé ivevghh gnd armxbeise the stiffness
consi dered to be the opti num nunber of cores for the

of the p&fel @s@ondi ng t hi ckness of the panel s: Panel Thickness
Range Nunmber of Cores 70 -72 mm1 1 70 -78 mm 10 74 -

%T%] o%ncﬁlse kenibodRndio? 1R 0ptintidatidH M éthd8 300 12 thdHelent Hvention, a
series of optimised dimensions have been derived for the hollow core panel 100 having a
width 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

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

2
Vol = 0.6T — VD

(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, tmin = 16 mm
auger blade height, 4 = 7 mm
tolerance = 2 mm
compaction factor, = 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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The above was based primarily on a solution to provide
an optimum | i ghtwei ght and only the optinum stiffness
wa@odoattiges f or which the void ratio difference PEI/B€H®7/000089
than 10% has been considered. This is because, as
PPaRK] ?M%Mes§k§ﬁ§‘ed l'ighter wei glitmber 6 dBe€ critical
requi renent for wall panels in terms of economc
beneifolt,§2 Hovvever it is understood Ehat a larger or
smal er Vold ratio difference can be used w t hout
dep Jéwg fromthe scope of the prejsnt enbodi nent of
thel Pn. By way of exanple and”not limitation,
the void ratio can be in a range of 0 to 78.5% and
the Moi 8 mami o di f.ference can be in%he range of
5-30% It is understood that Table 1 and the
di s®lss9Dmnof the results are provi 8ed by way of
exanpl e only. The nethod 300 can be applied to a wall
panglo-106b Kayi ng any wi dth and any thi ckness.
Addi ti onal ly, all of the other variables are provided
?e‘ﬁa{rpl e only. Specifically, the m ninmm
fI ange W trnin, the auger bl adé hei ght, A the
t ol e]elgn\(l:\f% and the conpaction factor,/ can all be
var| departing fromthe séope of the clains
ich define the enbodi nents of the present inventiaon.
The abptfe $17 hpsed prigEH e BelULpR i REP¥GE 38 RRHmuAL ghsweight and only the
di mensi ons di scussed above are provided to illustrate
optimum etiffiiessaoiptipofxiviliich thp ypidoatie driterénge is lebsthambotihas heen.
of the present invention. They are not intended to
considkied] Thisliebseaps aoprebiviusiyarhat] lighiet wefght Ivea moeseitical requirement
invention in any way. Figure 6 shows a flow chart 600

for walllphi&t hfi‘ttehﬁgoiaec@ﬁ&ﬁﬁ;doeﬁeﬁjtssmﬁz@%ﬂ @ islesd@ftosd that 4 R¥ger or
core panel that can be produced by a concrete

smallef ?(t)ldlf'gﬁc? lf%g&n%% E§1 %’;‘?S%ﬁ di; H{ %R?ﬂm?w ltlE BE@ ?frt;ﬂ@ Bgesent
embodgﬂgrgﬁl%r ! ai?]ﬁg?t{oglg L‘?‘%é‘é edxt n p¥v qnzltn gh&?g}%ﬁa‘.{m? }ﬁ‘g‘d ratio can be in

thi ckness T and a secaond end opposite said first end,
a ranggok Qfp 79.S%gend e xeWgaie diffesence san he indhe sanee o€ & o1 0% he
core and the top surface and a bottom fl ange | ocated
bié isvedlersérodi thati Thblesluaridhtbe distusstom afdhereawlts arbprdyadeddm way of
surface, the top flange and the bottom fl ange each
examplEOHINg The fletHdde3 00t se apsliedity aanidl el ERHaving any width and any

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

Specifically, the minimum flange width, tmin, the auger blade height, 4, the tolerance, and the
compaction factor, £, can all be varied without departing from the scope of the claims which
define the embodiments of the present i1.1vention. 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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one hol |l ow core extending along said |l ength, the

machi ne conprising at | east one auger within a chanber
whasongiehe di nensions of the width W the thiPKIYSE6207/000089

and the length of the panel, the at |east one auger

hapibh@ EdhoRd SAFE ciRaH 6(ﬁﬁiﬂu¥‘ﬁ’5tfﬁg%tm€tﬁ8§ hn@ SRt Bl@esi a hollow
extendl ng outwardly fromand spirally attached to t

core pa?lgf t% ansol(!:r | @(ﬁ}(:te(ilré’g %rcgh ofd eQE‘ﬁQFh% cﬂifne %?&ﬁ[h?&qo bh§ example

r an eac eas
otated W thi rod
embod}r%%&tﬁs s SpPieg i n ﬁﬂﬁmﬁaﬁq pra R it e B wiam
m ni mum fl ange thickness (tm) is determ ned. At ste

W, a bt surfasgeppasite theitepenriase 2 dind ead alnaeithe thigkngsrel and ¢ @fond
are determned for said at |east one hollow core such

end oppdwite saiddfakicandas &g Nealga dodated tetvweengmantide surifrae of thesmpoaind the
totmn. At step 606, said specific nunmber (N) and

top surfR8Ghd b GofbRTRINGE Idched Mefvdét Qfl it RdORITAE 3€thatcoleatiithe bottom
one specific design paraneter for the panel. This

o SR P, S s Bt S0REBRADALS o v
of .t he ne

one hofly Gorengi e S Bitale e Rist S MR B e e witin
B e o P B oI

wal I panel is produced that has an optinmal bendi ng
the at least phqasger having agbvisidesurfacstwithhpieash ane hlede extending putwardly
anot her enbodi nent of the present invention, a hollow
from af®seralig] ditagtasdead thesoypsidel smﬂd:e,t\hladreﬂnaﬁqmntitymﬁ doatrete is added to
bendi ng stiffness and an optinmal weight for a given

the chap§ter Qﬁd bAURWS IRA41AERE ShSaugthes f(ﬁgl‘éﬁ SFthe tHthalmbem® pré&fuce the at
a panel that is nore econom cal to produce. The

least ofg?ﬂ({l %gg‘e k&ﬁﬁﬁ'}k ¢ ﬁ%%lﬂ;{ﬁ\ag%ﬁ ﬁ@f‘ NANGES: %rﬂﬁlmg zn is

e panel's |gh cro pr sures an

heavy, door . Addi

determified; $hS13p 66%arBGH LG P AL HONIEE aleqii s e febpmined for
of the concrete within the panel s, whi ch inproves the

said at gpshenedphlopgoae puch that atq@l@ubaé‘?ﬁevalu%ﬁu tiy greatgr F thas oF el to tmin.
to better resistance against indentation. The uniform

At stepc@iop saitl ispevifiemurhier () end sfesific 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
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10

15

for a nore dense concrete wall panel, which provides

an i ncreased resistance agai nst water vapour and
woriosti7ey as well as increased durability. ThRGBESG2007/000089

conditions favour the use of the panels, by way of

allow$@nP lpand ntlat 3t mbteTedcdioh@enl th predi@r NThe Wadrbdsed Yending stiffness
wherever water or noisture can be problematic. The

enhanf¥sQ8E PLrfdrh4BBE bPike ;ﬂaﬁelp?o SRS EHich e @g)fessc‘tﬂ‘gsc sdd/& heavy door
forms"w t hout departing fromits spirit or essentli al

ol glggracteri stics. The described enbodi nents are to be
cofisidered in all respects only as illustrative and
not .restrictive, The scope of the invention is . ‘
¢ pediarly, theentimiped desyen leo sppEsdbe denss ang ynaforre compaction of
than by the foregoing description. Al changes which

the coggnte withihithe pmlmfénm%vgmvﬁsm@@hofage wapacityarfdle pénel, and also
the clains are to be enbraced within their

gives ssopebdlieAldvBtatee abainsh indenthionet Tigdhudiforahesimgfactioh Shdias provides
core panel that can be produced by a concrete

for a B¥td dnk®RoBREBIvARE pdtE WIREE pr&RaR drSinBebafededistintdMNgaifist water
t hi ckness (T), a top surface along the wdth W a

f ' 0N S ce, 1@ [] e
vapou ] BRHE, RGP B BRIChEed AbER, SHheR 5 Rol FbuRq vse of the
first end, a.top.flange |ocated between an inside )
panelsg by gy 6 gangile 30, et Tptationetn gl YAliS e omMBrravas Jfafss  moisture
flange | ocated between an inside surface of the core

can beggblematiot t om surface, the top flange and the bottom
fl ange each having a flange thickness (t) and at |east
ofiee podsémdvinventenemby iei engbaliainip ethied speuifi¢ fiornishwithout departing
machi ne conprising at | east one auger within a chanber

from iapifi@r ebentiilrBnsteristef Thedleydribed eiboliigentdire kOBS Sorkidered in
and the length of the panel, the at |east one auger

all respéitd BElydR iMESHUE aRl HbAFRLIVE Athe! AR oP R iRVAHSBN is, therefore,
extending outwardly from anof spirally attached to t'fre

oA IO RIS B SRR s v

come within the meaning and range of equivalency of the claims are to be embraced within

their scope.
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one augers is rotated within the chanber to produce

the at | east one hollow core within the panel, the
woreiohadi7ednpri sing the steps of: determ ni ng aP@I/BGINOND00089

flange thickness (tmn); determi ning a specific nunber

(N) and a specific diameggarp® for said at |east one

hol |l ow core such that a calculated value for t is
We%'ia? ter than or equal to tmn; and using said specific

ér (N) and specific dianeter (D) to optimze at

Ieas ne .speci desi anmet anel
1. frsethoiiioge L‘aﬁqw soreiarldnst o eafﬁue‘a@?y ﬁgn%?taaétmsmn
has a hei ght (A) above the surface the at | east one
maching thepaseliecseprisingmwidth §7) e thisknessr(€), attep surficstalang the width
outwards fromthe at |east one core, and wherein said
W, 8 befporafsurfedessppositatde top surfade tahfinst aciglongihs thiblenest Epad a
of : usi ng said blade height A, calculating a thickness

secéid erfddppobie id At §nd %pcgp ﬁsﬁ d 108atbdbétwien BE i@ fh& of the
or greater than R 3. hod of claim 2, wherein

cor% gtﬁia@tggﬁ%ﬁtrfa%@ &ﬁggﬂ){ allﬂgl %cgzla fl%%gf‘eaeg Hﬁ@dcﬁ?ﬂﬂky 5t e core
S R h&smé %@Eﬁaﬂot?%ﬁ Spfiesireat ilames e

| ocat ed bet ween each of the at | east one cores,
thigkpessi(t)emd aplenst|ope hplew sata wxionding slpag said lengthy Eheaﬁ%fhtnﬁe
first end, and a second end web | ocated between a
conyeismghtdendt oy @gandithin adchsetbenbadng thealmbnsidnstdfdhd widsh 77, the
end web and the second end web having an identical end
thick@ésstharkehe sshg{tf, the\paiedithe b 1east b8 awder Hatigg ah BuRWedurface
speci fic number (N) and a specific dianeter (D)
Witﬁ Hfltegﬁ ro?E 9{%@ le2@Adihp %uﬁﬁa?@? Rim ad& Eﬁlhﬂﬂf eft‘t@cﬁeﬂ' th it outside

the at one core toN =

s- %ﬂe@élhq tgf%tf% e% gdd@ﬁ k?o hﬂ" c%‘a(&%éls an(dv@acl’? g ﬁlle at least
bl ity Rl

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 (tnin);

determining a specific number (V) and a specific diameter (D) for said at least one
hollow core such that a calculated value for t is greater than or equal to #min; and

using said specific number (V) and specific diameter (D) to optimize at least one

specific design parameter for the panel.

2. The method of claim 1, wherein the at least one blade has a height (4) above the
surface, the at least one auger produces an annulus in the concrete radiating outwards
from the at least one core, and wherein

said step of determining tmin further comprises the steps of:
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tol erance factor; calculating the end web thickness
(E) such that Eis equal to A nmultiplied by an end

wo awrar479tal cul ating an initial dianmeter (D) PET/SER0E7/000089
at |least one core using the formula: - (N -i>2 E Ni

det er m nigg WIS h@k%ﬂt A, %ﬁ&ﬁaﬁﬁ%t@%és&{) I65 (RO %]nglus; and

| ess than T, 1 ncrenenting e va one a

repeating_t.he cal cul ati and determ ning steps until
D i le %&‘P%Eﬁ’”f?%égﬂkfﬂﬁ%ﬂﬁﬁja?{ﬁmﬂé{] eint = o
T-D)IlI1; conparing the value oft to tmn, such that,

3. i(?hﬁt m)éthf)ﬁp 91%1 dcwheretnghe plsp of egcatingihgghiksegs of the annulus R
speci fic nunber (N) and specific dianeter (D) to
optresmpdished beawitipyiog theddads leighisd lgna pempantioe fadtar
the panel;if t is less than trnin, then the value of

4. Nrhd iaethog bedeinh 8pwhateih, thapshdl gttt ePmpiiscsahGatealddile eb
value for D, and the subsequent steps, are repeated,

UBkdttd betiveerPRlortit Aedt &R &rest Q"ﬁ?ittep{il '\A%R 10cateltween a first
nmet hod of claim4, wherein the pane urther conprises

' S fromthe center of one
ioft ARG B, BRI U 10GHE Do i end core
if t =tmn, the st of usi sai d_specific_nunber.
(9 said Feeqndesnd; gac ok s st ?fép‘g%msipthp seopad gpd ek beviggan
specific design paraneter for the panel further
déepiicpkend weh ‘gllquew:(@,,wl@relmthe serioBleprmining agpecifienumber (V)
nmet hod of claim4, wherein the panel further conprises
andarspecifiadiantptérEPD) fmdtsn cempfisesthd ftepscsht er of one
core to the center of an adjacent core, and wherein,

i fsetting an initial number (V1) of the at least one core to NI = 1;
calculating 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-(Nlj\—nl)w—zg a

D1
determining whether D] is less than T;
if D1 is not less than 7, incrementing the value of NI by one and repeating the
calculating and determining steps until D1 is less than 7+
calculating t, wherein t = (T - D1)/2;
comparing the value of't to tmin, such that,

if't = fmin, proceed to the step of using said specific number (V) and specific

diameter (D) to optimize at least one specific design parameter for the panel;
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t is greater than tmn, the step of using said

specific nunber (N) and specific dianmeter (D) to
wWopi7ir47es at | east one specific design paramet BCT/8G2007/000089

the panel further conprises calculating a value N2,

wher ei n: N2 i ; ' A77G [ e
of D2, " ines e T bl Py oS ol G HA R S e s
tmn;..setti.ng.o0 of .Ni and N2 to be equal, to N.and
of il L GP FEdn dar My SREsabesferdoia® B gtk fisaval to or
to D. 7. The nethod of any one of clainms 1-6, wherein
greafes thand®int  using sai d specific nunber (N) and
specific dianeter (D) to optim ze at |east one
5. shwontthed déslagm 4pwhenein the pirml furtter pamptisds ardohespacing (S)
conprises at |east one of mnimzing a weight of said

paesliredrftboighe dontdr vg ofe BB 1he cBhtef bNASH]jRentS@rél and wherein, if
panel. 8. The nethod of any one of clainms 1-6, wherein

tthermsih e Sfep Qﬁhﬁﬁg%ﬁh@%nid?%gﬁ%ﬁgﬂgﬂztgﬁ{ seéielsé?ﬂcad?gneter (D) to

speci fic dianeter (D) one

S [.f ] [ for th nel rises both .
R e
ndi stiffness of said panel. 9. The nethod of any
gﬁ§%gg%rgir€“§§€8ﬁhl¥r eint is less than R 10. The
met hod of claim 3, wherein the conpaction factor is in
6. alheqpefbod et glaims 4¢ wheyeintthe paried furteh sempiises lagiora spacing (S)
wherein the tol erance factor is in a range of 1 to 5

mmeasti@d ficime theetehted obbnetae to the cetiter ef 4 ddiweepindré, aad oherein, if
isinarange of 1.5 - 3.5. 13. The nethod of claim 4,

wWhe giehter tag thin, Sie Q@8lof e gidRBsR AR L dispecific diameter
outwardly fromthe first end and the second end

(Dot PR S UL b OB B b

PR SN ST s Ry g0 of Lhe

? nhc}él(?ugz}e{ggao%l&é 9 3,_v§ﬁerc\§\ilg %Zeiis rclqutlahl ?o g"ln?igﬁs P\a?iicg Phte viafc{leiortl tmin;
setting one of N7 and N2 to be equal to NV and setting a corresponding one of D] aﬁd

D2 to be equal to D.

7. The method of any one of claims 1-6, wherein the step of using said specific number
(V) and specific diameter (D) to optimize at least one specific design parameter for the
panel further comprises at least one of minimizing a weight of said panel and
maximizing a bending stiffness of said panel.

8. The method of any one of claims 1-6, wherein the step of using said specific number
(V) and specific diameter (D) to optimize at least one specific design parameter for the
panel comprises both minimizing a weight of said panel and maximizing a bending

stiffness of said panel.

9. The method of any one of claims 2-6, wherein ¢ is less than R.
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14 mm 15. The nmethod of any one of clains 1-14,
wherein the hollow core panel has a substantially

WO e@wrAnges ar cross-section. 16. The net hod of BESGLI®7/000089
of clainms 1-15 wherein a center of each of the at

1o.lcagge§§e@g§9i?gﬁ 3l onée gaé]lg @ahgaynbgfm& is AOLEPR5 1o 5.
JHILERAGr BafES, el e RRGHAY fg&ffglse%%%ng% 463

12. The method of claim 4, wherein the end factor is in a range of 1.5 — 3.5.

13. The method of claim 4, wherein the first end includes a tongue extending outwardly
from the first end and the second end includes 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.

14. The method of any one of claims 2-6, wherein the blade height is in the range of 4 to
14 mm.

15. The method of any one of claims 1-14, wherein the hollow core panel has a
substantially rectangular cross-section.

16. The method of any one of claims 1-15 wherein a center of each of the at least one
cores is collinear with the longitudinal cross section of the panel.

17. A system for opﬁmizing a design of a hollow core panel produced by the method of

any one of claims 1-16.
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