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166166 FIELD OF THE | NVENTI ON The present invention relates to |ightweight

concret es wodogasivi cul arly but not only to |ightweight congcaieseoidseuse
as core infill for sandw ch panel walling. BACKGROUND OF THE | NVENTI ON The

t echnol ogy invol ved in producing and punpi.ng |ightweight concrete is well
known in the. prior art. It can generally 'be achi eved usi ngﬂmwmm,ﬁmmm
density nodifiers, nanely foam and |ightwei ght aggregate. F e
i s made by i At FlogiuGQRC EORMIHATHAN-fi |l ed foaminto a 10*paske that

is typically formed wth water and Portl and cenent al one or Portland cenent

with a fine, FIRIghORTHE INVENEN Ee. The foam structure is devel oped by
addi ng a gas- generating chemcal to the Portland cenent paste, or by

Gensi Uy bl ow 1000 Rt iendon Slpef SRAbA bl ik FHE b o AR o

be mxed with a pre-formed 15 aqueous foamthat is produced .using a
conmerci al f 8BHith Hehieaght cengrtes fordise guieqsr yrftlliforsapd wich pameli wallingr oach
requires a foamgenerator on site to make the foam Correct ratios of foam
t o concr ete, BAAIKGROWBYDWRTHENNVENTKON e, are difficult to maintain. This
difficulty can lead to the possibility of non-uniformty of the final

foamed concrete ProOgRRslogPmvEREl i@&oua&mg%@pmnﬁn@ﬁéﬂﬁvxﬁghpwﬂgfée& hd ot
p

extrudability, 20 and finishing characteristics. The problens

s for medil REeLAR 116 Rl X ot P RSO0 gr cgat o

concrete, nmade gy m xi ng |ightwei ght .aggregate such as expanded
pol yst yr ene, mgdiiers, samgly foamand lightweighigegmertewi th a nortar is mainly
targeted

Foamed concrete is made by introducing a water-based, gas-filled foam into a

10  paste that is typically formed with water and Portland cement alone or Portland cement
with a fine, lightweight aggregate. The foam structure is developed by adding a gas-
generating chemical to the Portland ceni;ent paste, or by mixing a pre-formed, water-
based foam into the cement paste to achieve a density below 1000 kg/m3.

The latter method requires that Portland cement be mixed with a pre-formed

15 aqueous foam that is produced using a commercial foaming agent, such as a hydrolysed
protein. This approach requires a foam generator on site to make the foam.

Correct ratios of foam to concrete, particﬁlarly at the job site, are difficult to
maintain. This difficulty can lead to the possibility of non-uniformity of the final
foamed concrete produced, as well as variable mix quality, pumpability, extrudability,

20 and finishing characteristics. The problems are exacerbated by the fact that the foam
begins to collapse from the moment it is formed since the foam is not self-generating.

Lightweight aggregate concrete, made by mixing lightweight aggregate such as

expanded polystyrene, perlite and vermiculite together with a mortar is mainly targeted
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2 3J UL 2003. WO 00/61519 PCT/ AUOCO 00301 -t- at applications with 3 2003
concrete density above 1000 kg/nB8. Difficulties arise, however, in ?h xi'wg
the cementWA®@SH urry and the |ightweight aggregate due theciRRdEnGEY; Of
the aggregate to clog and segregate because of its inherent conposition
and |l ow specific gravity. 5 To make such pol ystyrene concrete punpable, it
- may be necessary to increase the water cofifent in the mix to overcone
friction in the pipes. This tends tqQ aggravate the3 segregati on and

cl oggi ng pr ol BPRicaLSRTYVIE eRncrFte Hensighabrue dAP0 kgim'e aifbcudbesarist chowever, in
production. Such |ightweight concretes ie. foanmed concrete and |ightwei ght
aggr egat e 10 nusingrtbt eementitione slurnysmd ths liglweighifaghteghedus #tshddhch 37@e

wal Iing but are subject to certain difficulties. Foaned concrete”exhibits
a hi gh hydrogbalel i r ¢4 i net ines .
necessi {4t e FRebie Rt SRELE s ELaPbrahee o i e o SR B sperifing of
sandwi ch walls. .The m x may al so col | apse heavily during punping and

pouri ng fromPr8 Whe top of the wall height down into the wall cavity. As
far as |ight-wei ght aggregate concrete is concerned, core infill needs to
exhi bit a3densi t yoonakeowoh polysrene doetmete, pusipattie,iismay bs netesidfe ticrBake the
density range for |ightweight aggregate concrete. To achieve this, up to 1
n8 of bul k | hgtérweh@ht in (ROGIE @SR ot FR:tRAMN Ihd Bipsd. ThiXtd e
incorporated in the mx. This |eads 20 to di f?&llég% tg{ egm?ﬁén?%%e%%g%a%é)?]?ty
of lightweig o ' | ch.ent rtar volunme present
whi ch conseq%%agrﬁt y o&jgggf%@ggfﬁg Hﬁgg%gﬁié%oﬁ%dgghtg{i@p‘gﬂ%ﬁiaﬁgifgﬁec‘ﬁoégﬁete bond

between the m x constituents. 2 3 JUL 2003 WD 00/61519 PCT/ AUOCO 00301 - 3-
production.

Such lightweight concretes ie. foamed concrete and lightweight aggregate (,-
10 concrete have been used as core infill for sandwich panel walling but are subject to
certain difficulties.

Foamed concrete exhibits a high hydrostatic pressure during core filling which
sometimes necessitates the use of structural formwork bracing during core-filling of
sandwich walls. The mix may also collapse heavily during pumping and pouring from

15 the top of the wall height down into the wall cavity. |

As far as lightweight aggregate concrete is concerned, core infill needs to exhibit
a density of 1000 kg/m’ or below, which is outside the normal density range for .
lightweight aggregate concrete. To achieve this, up to 1 m’ of bulk lightweight
aggregate volume per 1 m’ of mix is needed to be 'mcorpor_ated in the mix. This leads

20  to difficulties in the coatability of lightweight aggregates due to the insufficient mortar
volume present which consequently results in poor mix homogeneity and insufficient

bond between the mix constituents.



The inclusion of air-entraining agents (AEAs) to inprove freeze/thaw
‘durability, aid punpability, inmprove workability, and |ower the de|233t‘})|dl-03‘30:i
concrete Masod/eu3g been practiced in the art. The AEA dose pegA086458BH] Y
specified to range between 5%to 9% air volune in the mx, with air

content limt set to a maxi numof 22% by ASTM C 5 150. Air contents higher
than this were normal ly avoi ded, especial’l’y in punped concrete, for a

range of reasons including: during punping a highly air-entrained concrete,
the air bubbl es Thaikclusiobodak-entaoning agents (AEAS) tbhimppivedreead/thaw duwabilis,

el bows, forns, and the Iike which |eads to variable air contents in the

pl aced concr£d pumpaAbilife iMpRNE MLIRABIAKE af@ bWRS tﬁ@é@sgfﬁf%ﬁc}&ﬁg&ﬂ%é gea 0l e

air enclosed by the pipeline, |eading to punping ure; t

conpressi biljty. of . i Ll [ punpi ng wid !l reduce jts

ef fecti vene ggé&ggaég\%%r%ﬁt}lv% 'erté:él%%ean i de“}f ?peﬁgjfeéi tc_)aqnlgfe?)gme[entsgym%e;
excessive air in the m x can cause the placed wet concrete to coll apse due
to the 15 idfGYABME{iR fhegnixs WithAir capsem lagit et te a maximpminfy22% by ASTMCred
concrete can | ead to excessive reduction in the strength of the hardened
product. §t 1i59. aar obwitetts highet than phie semné nomyatiytavoidedpespecialtoirepu@ipede!l i or at e
one or nore of the disadvantages of the prior art, or at |east to provide

a commer Ci aldoycdeL kel a Bt RAAL iGudid® 00/ 61519 -4 2 3 J U L 2003
PCT/ AUO0O/ 00301 Dl $CL$U% OF THE I'NVENTTON Accordingly, in a first aspect,

the invention prpvides an additive for .preparin | i ght wei ght copcr et e,
sai d additive idcirR&iRgFrR&? &gb\yoﬁlr-gp%ﬁtﬁac?g@cggggg%a #’uﬁﬁ tend to B‘@F‘K/meri c
material and froml| to around 60% of an air entraining agent. 5 In another
aspect, the UYPRU4mPREWVitothe Pinseyalls, joigtstaliravih formsnandthe like whighdeadsrto

variable air contents in the placed concrete;
10 the pumping stroke can be absorbed by the compressible air enclosed by the
pipeline, leading to pumping failure; |
the compressibility of excessive ai.r during pumping will reduce its effectiveness
as a workable medium and make it more difficult to place;
excessive air in the mix can cause the placed wet concrete to collapse due to the
15  instability of the air-void system; and
highly air entrained concrete can lead to excessive reduction in the strength of the
hardened product.
It is an object of the present invention to overcome or ameliorate one or more of
the disadvantages of the prior art, or at least to provide a commercially useful

20 alternative.



i ncluding one part of cenentitious binder, 0.5 to around 1.5 parts by
volume of inert filler, 2 to around 6 parts by volume of |ightwei gRt3 JuL 2003
aggr egat e yeroopasio by vol unme of cementitious binder and up "@f’%ﬁ?m“@% by
wei ght of the additive. The additive all'ows the production of [1ghtweight
concrete mx containing 10 preferably up tp around 60% entrained air

volune. ldeally, the concrete m x contains' ™ between 25% and around 50 %
entrai ned ai é/ol une. This ultra high content is not nornmally used in
concrete ni xé% @G@W%Hﬂﬁfwlﬂ&@m controlling the nmix. Such a high
air entrainment level normally also provides difficulties in workability,

consi stency in dersoidinglyidn adirstenpyct] e GBleh@dssroviids ah GHERVE Yor reﬁéi-mﬁed
vertically or at 15 high pressures. The concrete produced fromthe

abovenenti on ; i . i ensi 00kg/ nB,
however, t heﬁghrrpr o@egog‘?ét@ﬁag%Wclﬂ{lygg)rég{/d&ggdgbls’?/&?ﬂ%roﬂf“iryjlg%2\%0%1 q]fiZQV%a”é"? | ows
the producti on of a |ightwei ?ht concrete with a density well bel ow 1000
kg/m eg. 45RR¥BErIEFRaIEaland fogy L tp prpvnd 600 an gifradrairing agemte t han i n
conventional- 20 m xes of conparable density. By way of conparison, in one
enbodi men$ t he ubeamsithdrhepech|temihvanidon éomprisesa tiphoveghticdache! foehugans bul k
volume in a1l nmB of mx to be reduced fromaround Im to around 0.7 to

0.86mB. Thi s inclliddig o st defithlitisud Bin! 8.t abRAl 3% bdrdoby Yol ofjnery

pol ystyrene aggregate (i.e. hel ps ensure that the ent ace o

3 JUuL 2003 9/, 0301.-5- bead is covered), inmproved m X
wor kabi | i ty,M%rg"itgp%r%i]\gggﬁéﬁg%&m%ﬂﬂf@éwmg 4 erl?ﬁ%‘tbé'r‘r’HjB‘HﬁB ent

and the pol ys'@/re.ne C J;’gonent inthe mix. Inone preferred formof the
§

i nvention, t9&MtYRH fit andgircloareunsh 294 by aveighy of the adgitivee bl end additi ve
may be used as core infill in sandw ch walling applications 5 without the
need for internalhoaddititeallvats the pratuiction oflightweightednchitemiio Sonthinidd SO (.

enables the use of nail-fixing of fibre reinforced cenent facing sheet

onLe o SRLSATLR®, EURDSOR USRS NERE IR DR Bl
between 25% and around 50 % entrained air volume. This ultra high content is not
normally used in concrete mixes due to the difficulty in controlling the mix. Sucha
high air entrainment level normally also provides difficulties in workability,
consistency in density and tendency to collapse, particularly if pumped vertically or at
15 high pressures.
The concrete produced from the abovementioned cement formulation, may range
in density up to 1200kg/m’, however, the improved air stability provided by the blend s
additive allows the production of a lightweight concrete with a density well below 1000
kg/m’ eg. 450-650 kg/m’ with less lightweight aggregate volume than in conventional
20 mixes of comparable density. By way of comparison, in one embodiment the use of the
blend additivg has allowed the polystyrene bulk volume in a 1m® of mix to be reduced

from around Im" to around 0.7 to 0.8m". This reduction also results in better

coatability of the polystyrene aggregate (i.e. helps ensure that the entire surface of each



bet ween 60 and around 90% and nore preferably between 70 and around 85% -19%3
Preferably there is between 10 and around 50% of the air-entraining Z@ed’t“-

in the bhangyéBey nore preferably between 20 and around 40%cAsbb@aRef ange

of organic polyneric materials may be used in the blend. Preferably the
organic polynmer will conprise one or nore thixotropic agents which either

di ssolve in water or which at |east form<olloidal di spersions in the
presence of 15 water to produce an increase in-viscosity. Suitable organic
pol yrmeri ¢ nbksd isadovededy; limgmved @ik woslsabilitgy andampresed b tesween the

hydr oxynet hyl cel | ul ose, hydroxyethyl cellul ose or hydroxy propyl nethyl

cel lul ose; pgh hashEeS Ent3ad e BreRs | : synthetic
hydr ophi lic gomgﬁs anﬁ cg%gﬁyners seﬁig:h asepolcgll\??gwﬁg?%lg%gﬁ pol yet hyl ene
oxi de or pol ypr | ene .oxide. 2Q Any suitable air .eptrainin ent.s may be
used. The term if‘%n‘éﬂﬁf%ﬁﬂdiﬁﬂné’ggﬁtl vqxﬁp&?@eﬁgﬁgﬁ?g&@n&ﬁq 73'88‘2 s
(surfactants) which act to entrain air in the conposition as it is mxed
with water afigdhe plgngadditivymaybeased gs eore mdilninrsgndyishtveallingapplicatiors or WO
00/61519 23 J U L 2003 PCT/ AUCO 00301 -6- nore nonionic, cationic and

ani oni ¢ sur fratHoanthe reed fordtefnatbriertadhitvibmation q@ifarmvefl Bracigp! RhOMAMBlesand
sodi um | auryl sul phate or sul phonate . The additive may be mxed with a

or oo £ 2n0e ud waRAhL AL B R ERGU delhent AEIHEhREI did BRGAANGGRL o7 1 2! S

conpri si ng conmpounds o0 um nium Ssi , Xygen an

sul phur whi ch exhi bi, htydr aul i g’ activi t%( ie, set solid and hard in the
presence of RERRES POGKASRRIY e PONEE & RIPWOs type i ncl ude conmon Port | and

cenments, fast setting or extra fast setting,-sul phate resisting cenents,
modi fi ed cenent Preferablinithropropertion of otgagie p&?mr&taﬁ@m'@hhﬁhe sdditiveiim al uni nat e
cenents and cenents which contain secondary conponents such as fly ash,
pozzol ana amdtwdea 60idad.ardiin@ 204 fndlbdoreqaeferibly bewschi70@ad aroun€ 88%es ot her

wel | known bi nders such as fly ash, slag etc. and mxtures thereof with
Portl and,cenment ‘Preferably there is between 10 and around 50% of the air-entraining agent in the
blend and more preferably between 20 and around 40%.
A broad range of organic polymeric materials may be used in the blend.
Preferably the organic polymer will comprise one or more thixotropic agents which
either dissolve in water or Which at least form colloidal dispersions in the presence of
15 water to produce an increase in.viscosity. Suitable organic polymeric materials include
cellulose derivatives such as hydroxymethylcellulose, hydroxyethyl cellulose or
hydroxy propyl methyl cellulose; polysaccharides such as starches or alginate; and
synthetic hydrophilic polymers and copolymers such as polyvinyl alcohol, polyethylene
oxide or polypropylene oxide.
20 Any suitable air entraining agents may be used. The term air entraining agent

refers to surface active agents (surfactants) which act to entrain air in the composition

as it is mixed with water and/or pumped. Suitable air entraining agents include one or




Sui tabl e |ightweight aggregates are also well known in the art. The

include a range of natural and synthetic |ightweight aggregates s@iéhJidls2003
perlite, veoosswte and expanded pol ystyrene. The expandeded9A¥sddzGNe
may be in the formof balls, beads, 15 pellets or reclained particles. The
| i ghtwei ght concrete may al so i nclude between 50 and 100% by wei ght of .the
cenentitious binder of an inert densifyi n'\g;gai ngredient in particulate form
or an inert particulate material. The term"inert particulate material"

i ndi cates a MFRRPRIPNISGAHGNIC| Jndanianie purfastpatsisuch agtshdiuncsaity of elphs oddfirt he
conposi tion, having a density greater than 20 the |ightwei ght aggregate and

|l ess than 5 sulphéhatészmd sddiamblacie stpHatetekllpRadtecul ate material is
natural masonry sand. In a further aspect, the present invention provides a

met hod of constr [ . I : : Sl fBrovidi a,frame
having a plurali ;@1& 8?‘%38%2%\323% i“%??@%@%ﬂﬁ@é‘%é%ﬁ}\fkﬁ%ﬁb&é%w&% w}uclh

PCT/ AU00/ 00301 -7- parallel nmutyally spaced apart franme nmenbers, attaching
faci ng sheet Ifusteall igosganiganatenials ¢oMPrisige co@pPewRds St inivm rlwainium, siligon
facing sheets with a |ightweight concrete, the |ightweight concrete

conpri si ng aoxygeerandior sulphiyi wiieh exhibiti hyldtamtic gbtiviag . seabid andlhayd inttge 2% of
an additive conprising a blend of 40-99% of organic polyneric material or 5

combi nati on pheérelof dtkr1 WP RIWRLEmERS bAIhIN ffe RS Scomtfos Pbitlang f Ul t her
aspect, the present invention provides a nethod for formng a punpable

addi i ve” w CRRYEdre et SERA ek, SPRRe Broisielismbel. Badind Smpapuca

pol ystyrene aggregate to, the agueous solution and thereafter adding

cement i t i ous2lyipggements. highialwningremsats edlciyendpminatg cementpand foments | y when
pol ystyrene is used as a |ightweight aggregate filler material. There is a.
known probl ewhightdongain sesbydazy eompondrits suchanflgydsh, pozbhah ahdeheilikdi itduadn |
particles tend to develop el ectrostatic surface charges. This causes the

aggregat a9 t GepldniBohOBiREdre inchitis fohidd twdl Ao %H@er@%uém% tF')]' Xh Qlag i Und

giving rise to uneven distribution, conprom sed structural” infegfity, and

largely mixtures thereof with Portland cement.

Suitable lightweight aggregates are also well known in the art. They include a
range of natural and synthetic lightweight aggregates such as petlite, vermiculite and
expanded polystyrene. The expanded polystyrene may be in the form of balls, beads,

15 pellets or reclaimed particles.

The lightweight concrete may also include between 50 and 100% by weight of
the cementitious binder of an inert densifying ingredient in particulate form or an inert L
particulate material. The term “inert particulate material” indicates a material being
inert with regard to other components of the composition, having a density greater than

20  the lightweight aggregate and less than 5 mm in size. The preferred inert particulate
material is natural masonry sand.
In a further aspect, the present invention provides a method of constructing a

wall comprising the steps of providing a frame having a plurality of substantially



15 negating the intended effect. In order to overcone this problem it is _
usual |y necessary to pretreat the polystyrene aggregates in order2tdoJuUL 2003

neutrali 3@0%9)%9319Thi S requires additional chem cals, a sewlg%%gﬁess
step, and often a subsequent drying process as well. However, the

applicant has found that by use of the above defined additive, this

probl em of clunping can be avoided. In this regard, the additive is
initially mxed with 20 water to form an aqueous solution, and the

pol yst yr eneparalldi hutualtidspdcédagant Farme meinbers, atthéheng &cirpddhyets tdisaid hamebeen
found to neutralise the surface charge on the polystyrene, wthout any
addi ti onal i R FOSESE j I I, -Eﬁm% I ents
are then adde ltlggt ee<9arr¥11t2 fas a ?ﬁgf}?ssa?cggagl ysqlggé\iivg'?[} %g the@rﬁ%g%m?%rg’qggm
00/ 61519 2 3 JUL, 2003 PCT/ AUOQ 00301 -8- separate .pretreatnent process for
Che poi yst yh@i¥EIEHh PaRsIRiE SOMBTRE Aremsna st ndst: € HERVAel] phgeeah and o
production efficiencies can be realised. Another advantage arising fromthe
present i nvierz% ofianadditive eenprsing ajblantdf@id-99% ok opgsiniospolyreeréc matgnialed ght
aggregate is the bond strength between the polystyrene 5 and concrete. For

reasons § hadorabiRati therbf ikl V-6096l6f it @ashininpagaabyst yrene does not normal Iy
bond well with a cenentitious binder. It is suspected that this nay be due

to the hydrophofj g. b p%g '§QPH to be
bound by any paﬁiﬁggﬁar %h§%$§?9Fﬁ§%%%% |§§ﬁ agﬁg§%§%ﬂ$ﬁgﬁwgse ogathe
additive defined ahove also increases the bond str t h het ween e

pol yst yr enePWBBASGY HERI et EPReTels %&ﬁmpﬁl@mﬁdg% StgaT P4 BISHY SuKRadRe ?CE#“Y% may
be due to the polystyrene aggregate being rendered hydrophilic or other
nmechani sns withotateradnfiorm ant aqueoys solntiorhsedapidlyaddiag gxpadded polgsiyrenevent, as
wi |l be discussed below there is a substantial inprovenent in the bond

strength bejgpremtd bathd ahueshy E6igoh hiheRia@bf adiaey egaditiansbiader. oundi ng
cenmentitious mnmaterial. 15 Unless the context clearly requires otherw se,

hrouahgy e SR AR g TRy A oD s
lightweight aggregate filler material. There is a known problem with polystyrene in
this context, in thaf the individual particles tend to develop electrostatic surface
charges. This causes the aggregates to clump together and float to the top of the mix in
situ, giving rise to uneven distribution, compromised structural integrity, and largely

15 negating the intended effect. In-order to overcome this problem, it ié usﬁally necessary
to pretreat the polystyrene aggregates in order to neutralise them. ‘This requires |
additional chemicals, a separate process step, and often a subsequent drying process as
well. However, the applicant has found that by use of the above defined additive, this
problem of clumping can be avoided. In this regard, the additive is initially mixed with

20  water to form an aqueous solution, and the polystyrene is then added to this solution.
Unexpectedly, this has been found to neutralise the surface charge on the polystyrene,

without any additional chemicals or process steps being required. The solid

components are then added to the mix as a final step. By obviating the need for a




i ncl usi ve as opposed to an excl usive or exhaustive sense; that is to say,
in the sense of "including, but not limted to". BEST MODE FOR CARRYUNGo3

QUT THE | NWig\bokdhieo20 So t hat the present invention may be Wﬂ/ﬁb@@ﬁds%
understood it will now be described with reference to the follow ng

exanpl es. WO 00/61519 2 3 JUL 2003 PCT/ AUOQ 00301 -9- Exanple 1-3
descri bes various m xtures of |ightwei ght‘%oncrete usi ng pol ystyrene
aggregate, perlite and vermculite as |ightweight aggregate and sand and
fly ash as ¢parate preticatingit pracesd Bor thdf pdpSyrese hggrbgares, glitistagial @aakia] e
sand as filler. Mx IngredientsQuantityUnit Cenent50kg Sand40kg

B ond: AT R e 2 Eonont Surfact ant) 0. 356y wt.
of cement Organi 9&11881'4 g&\r/anta%%na%sm/g f?cf)mft{xee Srgs.errrlit i(n%ggtli 14 %en used in conjunction
with polystyrene lightweight aggregate is the bond strength between the polystyrene
5 _a.nd concrete. For reasons that are not entirely understood, the polystyrene does not
normally bond well with a cementitious binder. It is suspected that this may be due to
the hydrophobic nature of the polystyrene aggregate. Not wishing to be bound by any
particular theory, the applicant has found that u;;: of the additive defined above also
increases the bond strength between the polystyrene aggregate and the surrounding

10 cementitious binder. This may be due to the polystyrene aggregate being rendered
hydrophilic or other mechanisms which cannot at this time be fully analysed. In any
event, as will be discussed below there is a substantial improvement in the bond
strength between the polystyrene lightweight aggregate and surrounding cementitious
material.

15 Unless the context clearly requires otherwise, throughout the description and the
claims, the words ‘comprise’, ‘comprising’, and the like are to be construed in an
inclusive as opposed to an exclusive or exhaustive sense; that is to say, in the sense of
“including, but not limited to™.

BEST MODE FOR CARRYING OUT THE INVENTION

20 So that the present invention may be more clearly understood it will now be

described with reference to the following examples.



Yield of fresh m x250litres % Entrained Air30%5 Exanple 2: Use of

pol ys'éyrene as |ightweight aggregate and fly ash + sand as fill eR.3 WUk 2003

I ngredi e LtyUnit Cenent30kg Sand20k Fl'y Ash45k ene
Aggr egat VBRI Y (50% sol 1 0/ bul k ratio)  Vat AP o T
Entrainer (Anionic 0.1% by w. of cement Surfactant) 0.3%y w. of cenent
Organic polymer Density of fresh nmix500Rg/m Yield of fresh m x280litres
% Entrai ned Air30% WO 00/ 61519 -10 Exanple 3: Use of Perlite as |ightweight
aggregate. 2 3 BkirhpléQ0BdesbiBésAdtiond fiztrredlox lightved ghtesvhseanting yUni t

polystyrene aggregate, perlite and vermiculite as lightweight aggregate and sand and fly

ash as fillers.

Example 1: Use of EPS as lightweight aggregate and sand as filler.

Mix Ingredients Quantity Unit
e Cement 50 kg
e Sand 40 kg
e Polystyrene Aggregate
(50% solid/bulk ratio) 200 litres
e Water 35 litres
e Blend:
Air Entrainer (Anionic
Surfactant) 0.1% by wt. of cement
Organic polymer 0.3% by wt. of cement
e Density of fresh mix 500 kg/m’
¢ Yield of fresh mix 250 litres
e % Entrained Air 30%

Example 2: Use of polystyrene as lightweight aggregate and fly ash + sand as filler.

Mix Ingredients Quantity Unit
e Cement 30 kg
» Sand 20 kg
e Fly Ash 45 kg
s Polystyrene Aggregate | 225 litres
(50% solid/bulk ratio)
o Water 45 litres
e Blend:
Air Entrainer (Anionic
Surfactant) 0.1% by wt. of cement
Organic polymer 0.3% by wt. of cement
o Density of fresh mix 500 kg/m’
¢ Yield of fresh mix 280 litres
e % Entrained Air 30%




Cenent 40kg Sand40kg Perlite 40litres (50% solid/bulk ratio) Water30litres
Blend Air Entrainer (Anionic 0.3% by weight of cement Surfactantd3Q3%eK3
wei ght of waeegdilsiOr gani ¢ pol ymer Density of fresh m x700kgf,?1r/ \(ilﬂﬁ}ogm?f
fresh m x160litres % Entrai ned A r50% Conments on Exanpl es ? e - m xes
prepared according to those recipes were ﬁurrped into the cavities of a 5
number of fibre reinforced cement |ined-$48ndwich walls, 2400 nm x 2400 nm X
75 mmin size. Upon observation, it was found that the m xes were:

Punpabl e, iExample 3clUsegf Perlitf asl lightweighs eggregmé.i on of ni x was observed.

Stable, i.e. the air-entrained mx sustained its level in the wall cavity
and did nothi_\cg‘Ergdq%s To—The IMIQ;.[JHE Frestrmy ppns—the—voture—of
the m x priogu ek T ot batch- ;r; Hs—-fpor-tart—that o A-S—y-ed-d—i-s
mai nt ai ned-a-f—gif—%uupwg—a-ud—plap' ngof the concrete*® which indicates the
stability ot 2¥M nix. The densil®® of the FRESH nix né&ns the density of the
concrete befoPelitetting, which40s the one nost critilies to the applicatijon
of wall caore 50 kdli/bulk ratio)
o Water 30 litres
e Blend
Air Entrainer (Anionic _
Surfactant) 0.3% by weight of cement
Organic polymer 0.3% by weight of cement
* Density of fresh mix 700 kg/m’
e Yield of fresh mix 160 ) litres
e % Entrained Air 50%

Comments on Examples 1-3

The mixes prepared according to those recipes were pumped into the cavities of a
5 number of fibre reinforced cement lined sandwich walls, 2400 mm x 2400 mm x 75
mm in size. Upon observation, it was found that the mixes were:
e Pumpable, 1.e. no clogging of line or segregation of mix.was observed.
¢ Stable, i.e. the air-entrained mix sustained its level in the wall cavity and did not
collapse.

10 The YIELD of the fresh mix means the volume of the mix produced in one batch. ;
It is important that this yield is maintained after pumping ahd placing of the concrete,
which indicates the stability of the mix.

The density of the FRESH mix means the density of the concrete before setting,
which is the one most critical to the application of wall core filling.

15 Examples 1 and 2:

Air Entrainer sodium lauryl sulphate




15 Exanples | and 2: Air Entrainer sodium|lauryl sul phate WD 00/61519 -11-
Organi ¢ Pol ymer hydroxypropyl nethylcellul ose Exanple 3: Air E&3 aiunelfis
Myri st am neo@gicgsas Or gani ¢ Pol ymer hydr oxypropyl nethyl cel | ulpegg daodesd: JUL
2003 PCT/ AUOO /00301 The applicant has found that when the blend additive
I's used to produce a |ightweight aggregag$ concrete, the resultant m x has
simlar punpability performance to that "of "a conventional |ightwei ght
aggregate m x. Exanple 4 bel ow conpares the punpability perfornmance of two
| i ght wei ght 10 ébyeeniePelymexes, drydravypropyl methylecdiuhosent and one wi t hout
containing a simlar volune of polystyrene aggregate. Sixteen batches of
each mx were pmd]hl@ﬁdg,; punped to the 8th floor and used for core-filling
of sandwich walls [ined with FRC facing. The two m xes were run
back-t o- back to g AL/. site, L.poent. and human interference with the
core filling rat‘d‘(raﬂslt%’|c.]){r’lq(1:)1§‘!§r Tk e lgff hat the core filling rates

uced. It ‘can”De Se
corresponding to 15 each m x. taken as core-filled area (nR) divided by
punpi ng tinme ( higanic Ralyaer ¢ onp dydmxyprapybmsthylcellufmsgpabi | ity perf or mance
of |ightweight aggregate (polystyrene) concrete with and w t hout
air-entrai nment. 20 M x IngredientsNon Air-entrained Air-entrai ned M x
Conventional Mx M X DESI GN
The applicant has found that when the blend additive is used to produce a
lightweight aggregate concrete, the resultant mix has similar pumpability performance
to that of a conventional lightweight aggregate mix.
Example 4 below compares the pumpability performance of two lightweight
10 concrete mixes, one With air entrainment and one without, containing a similar volume
of polystyrene aggregate. Sixteen batches of each mix were produced, pumped to the
8" floor and used for core-filling of sandwich walls lined with FRC facing. The two
mixes were run back-to-back to minimise site, equipment and human interference with
the core filling rates produced. It can be seen that the core filling rates corresponding to

15 each mix, taken as core-filled area (mz) divided by pumping time (hrs), were

comparable.

Example 4: Pumpability performance of lightweight aggregate (polystyrene) concrete

with and without air-entrainment.

20
Mix Ingredients Non Air-entrained | Air-entrained Mix
Conventional Mix
MIX DESIGN
e Cement 50 kg 50 kg
e Sand 90 kg 45 kg
e Polvstyrene Aggregate 150 litres 200 litres
s Water 37 litres 35 litres




Cement 50 kg50 kg Sand90 kg45 kg Pol ystyrene Aggregatel50 litres200 litres
Water37 litres35 [itres WO 00/61519 -12 2 3 JUL 20U3 PCT/ AUOO/ 0930% . 2083
Bl'end ni | Ov0%oisysimt . of Air Entrainer (Anionic Surfactant)cepefiyuel/eap ©

pol ymer (Cellul ose ether)nil0.3%by wt. of cenment %Entrained Ar
(calculated fromyield 2%25% and density asurenents) % Pol ystyrene
aggregate (calculated 47%17% fromyi el d amd” density neasurenents) AT M Xl NG

STATION Density of fresh nix1075 kg/nb25 ka/m Yield of fresh m x170
litres240 ljiet Mdend M xi ng/ punpi ng tinme (16 Hatiches) 100 ni nuf 6375byvAGES
THE 8 FLOOR _DkinEintryinef (Amiesi Surfbtaht)00 kg/In675 Kg/ m Loss| pemyiee! d299%
Val | core-fii [ Toganic erCellfodP edhiety T CI[Ear Ty DETTeT T K penpabtt-iiy
resulted fqom iﬂr%cl ués};iog’flrgmEt t he bl en addltlvel in the mx /\/Pn ¢hoY &4 qt:)
reduced fritetipa—tf—the—pipes—Atso—t-ess—gogging of the HEFRL)) | |
% Entrained Aif (calculated from yield
and density measurements) 2% 25%
* % Polystyrene aggregate (calculated
from yield and density measurements) 47% 47%
AT MIXING STATION '
 Density of fresh mix 1075 kg/m’ 525 kg/m’
¢ Yield of fresh mix 170 litres 240 litres
» Mixing/pumping time (16 batches) 100 minutes 75 minutes
ON THE 8" FLOOR
¢ Density of fresh mix 1100 kg/m’ 575 kg/m’
* Lossin yield 2% 9%
. Wall core-filling rate 28.8m*/hr 26.4m*/hr (

Clearly better mix pumpability resulted from inclusion of the blend additive in
the mix which led to reduced friction in the pipes. Also, less clogging of the pipes will
be experienced due to improved mix homogeneity, better coatability of beads and its

5 segregation-free characteristic.

The applicants have found that the lightweight aggregate concrete resulting from
use of the blend additive provides not only substantially lower density but enables
reduced hydrostatic pressure and dynamic thrust during core filling.

(' .
10 Example 5: Extent of bowing comparison in core-filled walls.

The two mixes shown in example 4 were pumped into a 400 mm wide, 2.4 m
high wall cavity and the central deflection (bowing) on the 6 mm fibre reinforced
cement (FRC) facing sheet during the core filling was measured using Linear Voltage

Displacement Transducers (LVDTs). They are shown in the table below:



be experienced due to inproved m x honogeneity, better coatability of beads
and its 5 segregation-free characteristic. The applicants have fog@r8dJjyha6i3
the |ightweight aggregate concrete resulting from use of the blend
additive provides not only substantially |ower density but enables reduced
hydrostatic pressure and dynam c thrust durlidng core filling. 10 Exanple 5:
Extent of bowi ng conparison in core-filled walls. The two m xes shown in
exanple 4 were_punped into a 400 mnmw de, 2.4 m high wall cavity and the
central defl e¢LighmwdiblnGangyeroMit he 6 MNFdbéfon ) ed nemt—tERC)
facing sheet ¢luring the core filling Wl;,jﬂ &%ﬁ}?;@?agg{”ﬁg I_D?/Z%C?'o}'/ ?F@Eﬁ”‘
Di spl acenent @ﬁ%ﬂgﬁ{lqobgygﬁ?)mixmey 00 o+ —the Zraliase, 2 3
JUL 2003 Li gh{ W gl CEppEL E - x—Con AL HONG 1000 nkg/d-8 MMA| 1 - ent r ai ngd
500 kg/ m 3 mi x—do ek 2Ly KEI X300 ol THP@m wal | _base 4l.6@mm 1.7 mm

Defl ection at 600 )Tm fromwall base 3.8 mm 1. 6nun From the deflection
measur ement s out | i Frem thpdeRection measusemente auttihed atiohe itdiah be QéHnrtﬁ%t'i@,da&EgO
kg/ mB density m x enables around a 50% reduction in the bowi ng o 5

facing when Userraited S00 kgintfdshiit i drlblekrolliPa SOMEAILBAT 4G99kl e —

density mx. Examle : Dynam c thrust conparison in core-
two mi xes sBOWAcig wikATRdEas boHAIRK TBESE tho b and 0 TH0EIS: 42, m

g/m” density mix.

Example 6: Dynamic thrust comparison in core-filled walls.

The two mixes shown in example 4 were pumped into a 400 mm wide, 2.4 m
high wall cavity, and the dynamic response (thrust) during core filling was measured
using an accelerometer mounted near the wall base (Figures [ & 2 below). It can be

10 seen that the lightweight concrete (air-entrained) mix exhibited significantly less

dynamic thrust compared with the conventional polystyrene aggregate norn-air-entrained

mix.
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15 Figure 1 Dynamic response of conventional mix - 1100 kg/m’ density



high wall cavity, and the dynam c response (thrust) during core filling was
measured using an accel eroneter nounted near the wall base (Fi gumes ng_&g@
" below). It can be 10 seen that the |ightweight concrete (air-entrained) mX
exhibited significantly less dynam c thrust conpared with the conventional
pol ystyrene aggregate non-air-entrained mbd- Menory Z m1l. 100H7 TI F a
2 3.000 A2 2 -3.000 Zoom x9.0 zoons x0.7 0.000 pe. rg: lee 40.000s 15

Fi gure 1 DynaniMemegsponsg of conventional mx -1100 t Si 2 3 JUL
2003 - 14 Menory zog"qooxt 0% x0.2PoBaddl e: 100HZ ‘Frb%?'n@?%g?fiﬁ%%m A2 1
-3.000 0.000 40.000.7. Figuje 2 Dynallnc rlespofisepf—arny-~entrratfee—H x - 500
kg/ n8 density The reduce -d—r—est-a,t-i.,,..p.LJssur b_exenpliffiedlin ex‘arrpLe 6 has
si gni fi cant advant%?es ovef thg pri¢r arft. If er]abl eq elif natfi on Jof the
need for external fOrmwrK

1 -3.000 gAY

—

0.000 lo.éd—(i.s'

Figure 2 Dynamic response of air-entrained mix - 500 kg/m’ density
The reduced hydrostatic pressure excmplified in example 6 has significant

advantages over the prior art. It enables elimination of the need for external formwork
5 bracing to control bowing and blow-out of the wall panel. It also enables qui.cker

construction since a nail gun may be used to fix the fibre reinforced cement facing

sheets to the frame rather than screw fixing. Reduced hydrostatic pressure and dynamic

thrust during core filling also enables the use of lighter gauge steel framing due to less

stiffness/torsional requirements.

10 A number of other surprising and unexpected benefits have been found to flow
from the present invention including improved homogeneity of the resultant lightweight
aggregate concrete. The lightweight mix is free flowing, self levelling, segregation free
and can be used to fill, for example, the cavity in a sandwich wall without the need to
consolidate the mix by intenal vibration or external tapping.

15




5 bracing to control bowi ng and bl owout of the wall panel. It al sQ .enabl &3
qui cker construction since a nail gun may be used to fix the fibre 3 JuL?

r ei nf or cedweasmgikiof aci ng sheets to the frame rather than SQ@%%%‘%’%& <o

Reduced hydrostatic pressure and dynam c- thrust during core

enabl es the use of |ighter gauge steel framng due to |ess

stiffness/torsional requirements. 10 A nupper of other surprising and

unexpect ed benefits have been found to flow fromthe present invention

i ncludi ng i nproved honogeneity of the resultant |ightweight aggregate

concrete. The lightweight mx is free flowing, self levelling, segregation
dto fill, for exanple, the cavity in a sandwi ch wall

free and c be use [
W t hout the Eﬂ@é@-ﬁgl : Mogsiwrs rrigRkien €91BP#ASRLby i nt ernal vi bration or exter nal
tapping. 15 2 3 JUL 2003 WD 00/ 61519 PCT/ AUCO/ 00301 - 15 Exanple 7:

Mbi sture retenti D tamies sloown fthexamgle MiweRSpRbeMhtd D4EXARPL ‘?26? Hﬂﬁ? Agour ed
into 2400 nmx 1200 mmx 75 mmwal |ls constructed using studs of the sane

gauge at t hansaREIPLdnSHuaO anbi ent.. condi t.i ons for
two weeks. The walls were th%lrllé %}&gﬁg¥gl$rsgagg%&§a%%ﬁsﬁﬁwcpé}cﬁaﬂ)ﬁ@h@“’?i& wer e
subj ected. tg, 20 cycl.es of ,.360 m nute duragion with half the tinme at

anbi ent '(tjs enper a R%@blgﬁcfof‘ﬂgogﬁ @éfwﬂﬂ*ghﬁwn&l‘ﬁ?@ therstransfaresded adryinga
further 10 Ci/(:l es of 60 mnutes of heating at 70C and 10 minutes at

ambi ent  t ems&Harhare thepmess subjerseditoydngycles pb360 minute deratianwithshalthe tingken

and the noisture content of each wall 10 was determined at a sim/l ar

| ocati on i n aeghitnwerhperaflifecaridatielotifer Bhlf b5 TPITHIgHvEs BIRMWERIwiH £¥RRAledot hat
the |ightweight concrete (air- entrained) mx retained 9.38% noisture

conpared to 9 i i . ventironal . pol ystyrene aggr egate
non-air entr. gf%g é‘f rgn@?gﬁ It"#%sle%f H%%é?% & zd;%t aF?:Ejttll,o né‘\[/lgtr?g aﬁ%hiéng@&wgﬂ%&ﬂo ed
drying, the ightweight mx according to this jnvention exhibits 15 water
retention c gbeag'lrylu?& TP SO SASRRICY ks tRkeniad ths moishue certantfearh wake

conventional mx. ]
10 was determined at a similar location in each wall.

The results of the moisture analysis revealed that the lightweight concrete (air-
entrained) mix retained 9.38% moisture compared to 5.13% moisture in the
conventional polystyrene aggregate non-air entrained mix. This indicates that, even
after severe prolonged drying, the lightweight mix according to'this invention exhibits

15 water retention capability up to almost double the moisture re@ned in the conventional
mix.

From the above, it can be seen that the lightweight concrete mix exhibits superior
water retention capability compared with conventional lightweight (polystyrene)
concrete. This limits the volume of water liberated by the mix within the wall cavity,

20 resulting in reduced wetting of the fibre reinforced cement facing sheets.
Consequently, the facing sheets suffer less degradation in their structural properties. In
particular, their stiffness and screw holding capacity are maintained, leading to less

bowing and blow-out during core filling. Also, drier sheets lead to lessened and more




From the above, it can be seen that the |ightweight concrete mx exhibits
superior water retention capability conpared with conventional 213 gt vagaght
(pol ystyrewe)oosgipcrete. This limts the volume of water i bﬁ;ﬁ%\ﬁgmé}% 1t he
mx within the wall cavity, 20 resulting in reduced wetting o e |%re
reinforced cenment facing sheets. Consequently, the facing sheets suffer
| ess degradation in their structural propeggties. In particular, their
stiffness and screw hol ding capacity are nmaintained, |leading to | ess

essenc andSre gAY F603 syeqis Wonah BBesr Rofcsaiarsdess swom Gseogr essi ve

shrinkage of the sheet as the wall dries. This causes |less strain (Iless
openi ng) at MFBUILYRNthedoigted2aps baaenttheshertset s. Anot her out come of the
effect of inproved water retention of the core mx is the reduced joint

degradati on due AmothBeouteshe ofithe@iebEonpeaRaSFatbf R WAhYF thOME O f tom, 5
the mx and diffusing through the joi nts.p%rhi s enabl es bettlgafmégﬁlééisotﬁ%of

the base corpguhd;and istortion of paper jointing tape
ext endi ng bet weenJ@igldjd%%%%ﬁdttﬂ?i ?}lg ?]% S %g gseg vﬁusfg? ogf’fceelss FIS‘%)WPE:I’ EPraMgsrom
qui cker apd earl.ier site and reduced degradation from

L,9i.nting of || s on .
any al kali dPEE8Fedid) Pﬁég@é\@\ﬁe ipantsr Thisenables hgtter adhesiomef fheibase ng
zone. 10 Exanple 8. Bond strength conparison. The walls subjected to drying
in exanpl e Tomnound esd kds donagrotechngdtdistongion of papergointingeage dxtendi RHweGed
cenent facing sheets and the two m xes outlined in exanple 4. This was

achi eved by adpebytifAging shedfsi ARof @& FERE L W ferent
ngs 0 §oin® drldble cﬁgl&?;a.ﬁd 'emxg{jo?xﬁglgtao;fb llson ©

wal | 15 levels along its height. The results are own | _
G 7 G SRR R A L
into the jointing zone.
10
Example 8: Bond strength comparison.
The walls subjected to drying in example 7 were tested for bond strength between
the fibre reinforced cement facing sheets and the two mixes outlined in example 4.
This was achieved by applying a tensile force to the FRC/core interface at different wall

15 levels along its height. The results are shown in the table below:

Test location Bond Stress (MPa)

along wall height | Conventional Failure Mode | Air-entrained | Failure Mode
1100 kg/m’ mix 500 kg/m’ mix

300 mm 0.12 Adhesive 0.14 Cohesive

900 mm 0.07 Adhesive 0.11 Cohesive

1800 mm 0.08 Adhesive 0.08 Cohesive

2100 mm 0.00 Adhesive 0.06 Cohesive

It can be seen that, upon cyclic drying, the air-entrained mix exhibited less
degradation in bond strength compared with the conventional lightweight mix. It can

20  also be noted that the two mixes exhibited distinctly different failure modes. The



300 mD. 12Adhesi veO. 14Coheéi ve 900 nmmD. 07Adhesi ve0. 11Cohesi ve 1800
mD. 08Adhesi ve0. 08Cohesi ve 2100 mmD. 00Adhesi ve0. 06Cohesi ve |t c&3 i saesn

that, UpPORy§¥&kiste drying, the air-entrained mx exhibited | g¢5 @'ﬁ)ﬁ; ation
in bond strengt‘h conpared with the conventional |ightweight m>/<A.‘ Ogogn 20

al so be noted that the two m xes exhibited distinctly different failure
nmodes. The 2 3 J UL 2003 WO 00/61519 RGH_AUOO 00301 -17- conventional m x
failed in an "adhesive" manner, i.e. by separation of the FRC conponent

fromthe co | ong.;t heig..interf, . .The air-entrained mx n e ot her
hand, fail e%‘%nﬁoggdﬂ%{ﬁ\%ﬂmﬁ&nﬁgﬁ?m‘(c. dagE ! éﬁ?aéati“?ﬂ%frtg%gge} emai ned
bonded and the failure ocecurred in the core. 5 Fromthe above, it can be
seen that tFEPPREN fieTythe caioalorg Bieir intgrizes. t Fee pirestnined mrivent thootlex hi bi t s
superior adhesion to the fibre reinforced facing sheets. That is to say,

the conposi hand;faitaghf ‘ebhshet mManre el tle HRE coteSinteiRce Yashidl Kdhdegafs t O
i nprovenent in the overall performance characteristics of the sandw c

wal |l . This | jt AR since there was nothing to suspect that the
addi tive orth%rfggﬁeygsoeéf?#&% tgég Gei ng the |ightweight concrete fornul ation

woul d exhi bit sgch sup%r?i or, adhesion. It will be clear tg persons skilled
in the art that QIR EBe2oNEd} G2 bg sgep hat theslightwighslyt sikiagsording e Hieapresent over
and above conventional techniques. Exanple 9: Anchor pull out conparison.
15 The wal | ®ventpreexhabits siperigr adhesion dx thefitee Teinforeed fasingdhéears. Thetiis toanchor
pul | out |oad capacities. Anchor holes were drilled and two types of

anchors wer ey, Beeddngsbsite stdiptiofEHeetcaitebtd/Sidee o Myprandd Whiel s &xi al | oad
to the bolt head until a peak | oad was reached defining anchor vyi el ding.

The resul t s; a0 6 SR In e §viFarl ARG O Wharkitdist 4 b r HOATAEKT, ARE PALis is

TypeConvent i onal

quite surprising since there was nothing to suspect that the additive or process for
10 producing the lightweight concrete formulation would exhibit such superior adhesion.
It will be clear to persons skilled in the art that such “cohesive” failure is a substantial

improvement over and above conventional techniques.

Example 9: Anchor pull out comparison.

15 The walls subjected to dry'ing in example 7 were tested for their anchor pull out
load capacities. Anchor holes were drilled and two types of anchors were inserted in
both walls and tested by applying an axial load to the bolt head until a peak load was

reached defining anchor yielding. The results are shown in the table below:

Pull out Load (KN)

Anchor Type Conventional Air-entrained

1100 kg/m® mix | 500 kg/m’ mix
HILTI HGN 12 (210 mm Bolt size) 2.11 0.71
HILTI HHD 6/19 (&6 mm Boit size) 0.90 1.30




Al r-entrained 1100 kg/ nB m x500 kg/nB8 m x H LTI HGN 12 (010 nm Bol t
size)2.110.71 H LTI HHD 6/19 (06 nm Bolt size)0.901.30 20 WO 00/&B3 A 2 J
U'L 2003 wW&boALK9/ 00301 - 18 It can be seen that when an a?g_tm[w&@] ded
for conventional |ightweight concrete was used, i.e. the H , the
air-entrained mx exhibited 65% 1| ower pull out |oad conpared with the
conventional mx. Since this anchor religg on core density to achieve its
pull out |oad characteristic, the fact that the |ightweight concrete is 55%
5 lower in denS| transl ates,into reduced nsile strength and
consequent Iy redk { abepsL?F‘i’ﬁlgﬁllhegf‘Féﬁé?q{}m@ffeﬁﬁgr B?WﬁUWEg&ghmhtaloommy
wal | anchor HI LTI HHD 6/19 was used, the table shows that the pull out
force trend%eEused.ng- the HIRTHGN 2k the aiveentminedrmidexhibied 65Melovwatr bult Riu a| ned
m x exhi bited 44% hi gher pull out |oad conpared with conventional m x.
Thi s resul t Idasl doshpaeacestith ShehsonvehtirRd wdi@ Sxﬂ@e&ﬁ?ﬁ@éfﬁgré?ﬁggn% HGX/P‘{ the
| rec

air-entrained mx which helps transfer the pul I out forces o the

it be ﬁSeF%%*ag%@"%ﬁ“ﬁ O 108 FaFllicCik g ﬂ?ﬂ‘i% el iy e Rapsea

into four dially oriented arns that come into contact with the facing
skin. In sh wer ‘f‘ﬁén%fé'rtfaﬁisﬁbcsd’&‘ﬁdéﬁi‘%i?ﬂdﬁﬁéF syengi red ednsequentpreducsd pull i s
substantially inmproved. . This result is quite surprising. Not only does

t he |i ght wepgthstrengticr et e provi de good insulation due to high entrained air
volume, but at the sane tine it nmeets acceptable hanging capacity

r equi rement s neexfdle beer RAND When R3BVRP waﬂléﬂagﬁ'r}@ﬁjﬂ% eTPwhd §&4q, #2
table shows that the pull out force trend relating to the two mixes was reversed, i.e. the
air-entrained mig exhibited 44% higher pull out load compared with conventional mix.
10 This result is believed to be related to the improved bond strength of the air-entrained
mix which helps transfer the pull out forces directly to the facing sheet, due to the
presetting action required by the anchor prior 1o its being loaded. Wheﬁ the HHD typé
anchor is set, the body is collapsed into four radially oriented arms that come into
contact with the facing skin. In short, the carrying capacity/density ratio of the core
15 mix is substantially improved.
- This result is quite surprising. Not only does the lightweight concrete provide
good insulation due to high entrained air volume, but at the same time it meets

acceptable hanging capacity requirements needed for hanging basins, cupboards, and

the like.

Example 10: Density Modification
Typical formulations for lightweight concrete with densities of 1200kg/m’ and
450kg/m’ are shown. Both examples showed excellent dispersion and bond swength

with the polystyrene aggregate.



Exanpl e 10: Density Modification Typical fornulations for |ightweight
concrete with densities of 1200kg/ mi and 450kg/ nB are shown. Bo@i8 dyardlles

showed exceld @Misfh spersion and bond strength with the pol
aggregate. WO 00761519 - 19 2 3 JUL 2003- PCT/ AUOQ 00301 M Pt Eifboso

Densi ty12001200 LitresKgRatio by vol.Ratio by wt.

Bi nder 253354100. 0094.00. 00% | nert Fill er394§30155. 56%4.77. 78% Pol y

Aggr egat €2953116. 67%0. 83% Wat er 21121183. 46%b9. 61% Addi tive722. 72%). 68%

M x Densi ty450450 LitresKgRatio by vol.Ratio by wt.

Bi nder 108151100. 009400. 00% I nert Fill er9515187. 509400. 00% Pol y

Aggr egat e9469875. 00%6. 25% WAt er 140140129. 85%02. 75% Addi ti ve625. 25%1. 31% I n

al | t]tlese r ¢ehie@ensity he ijnvention represents a [practi Cajzg@Nd Ccommehah alhl y
significant | I nprovenent |OVErR ; rjor 5 AT rthesTventter has
begn descri Ipg; r;zm T Tefer e”CLL;grQ@DEC . f}q{é xaf ?@ea‘gﬂngdl Rﬁo : 0'0 | at ed
to those skifedrba—the—art tE}&A the-l-ns/-%w'ﬂn Ry He0ri ed §U9-00%ainy
other forms 3 155.56% 177.78%
Poly Aggregate 295 3 116.67% 0.83%
Water 211 211 83.46% 59.61%
Additive 7 2 2.72% 0.68%
Mix Density 450 450
Litres Kg - |Ratiobyvol. |Ratio by wt.
Binder 108 151 100.00% 100.00%
Inert Filler 95 151 87.50% 100.00%
Poly Aggregate 946 9 875.00% 6.25%
Water 140 140 129.85% 92.75%
Additive 6 2 5.25% © 1.31%

In all these respects, the invention represents a practical and commercially significant

improvement over the prior art.

Although the invention has been described with reference to specific examples it

i

will be appreciated to those skilled in the art that the invention may be embodied in

many other forms.



_PCT/ AUO0O /00301 2 3 J UL 2003 -20- [ AMENDED PAGE] CLAIMS 1. A PCEAUGNMI0301
agent for polystyrene |ightweight aggregate to be used in the preparation
of lightweight concrete, said treatnent agent including a blend of 8r Hiindo3
40% to 99% of organic polyneric material and 1% to around 60% of an air
entraining 5 agent. 2. A treatnent agent cording to claim1, including
bet ween 10% and around 50% of the ajr eni %l‘ni ng..agent. 3. A treatnent
agent according to claim2, includin P land around 40% of the
air entraining agent. io 4. A treatnent agent according to any one of

clainms 1 to 3CIvkIMEi n the organic polyneric material includes one or nore
t hi xotropi c agents to enhance viscosity. 5. A treatnent agent according to

any one of clai ms Altré#mént agbey for Polybgrede fightveei gt Qlggragaieto bRussdiiakhd S a
cellul ose derivative, a polysaccharide, or a synthetic hydrophilic

pol ymer. 15 6 gﬁ%g.farnl%gto?’gglﬁtg%?gggk?ﬁ&%,r Sid et Rt el élclumgaedl&cf MerQi@ani ¢

pol ynmeri c nat roma group consisting o
hydr oxymet hyl gel | ul Qs | cohol ol yet hyl ene. . pxj de andtaj1 | ypr opyl ene.
o de. 7o K+ A P oS po P et A 4 etoro B R ot By 8P ¥ Fioe e
the air 20 entraining agent includes one or nore nonionic, cationic or
ani oni ¢ surfa@8®its. 8. A treatnent agent according to claim7, wherein the
air entraining agent is a sodiumsalt of alpha olefin sul phonat e, or
sodi um | auryl 2sul phta¢atment agemtpicoording to @laim 1t msdudiegbetagem i 0% cod adiung 50% any
one of clainms 1 to 8, including between 60% and around 90% of the organic
pol ymeri c nat of itelair entaibird £gehf0301

3. A treatment agent according to claim 2, including between 20% and around 40%

of the air entraining agent.

10 4. A treatment agent according to any one of claims 1 to 3, wherein the organic
polymeric material includes one or more thixotropic agents to enhance viscosity.

5. A treatment agent according to any one of claims 1 to 4, wherein the organic
polymeric material is a cellulose derivative, a polysaccharide, or a synthetic hydrophilic
polymer.

15 6. A treatment agent according to claim 5, wherein the organic polymeric material is
selected from a group consisting of hydroxymethylcellulose, hydroxyethyl cellulose,
hydroxy propyl methyl cellulose, starch, alginate, polyviny! alcohol, polyethylene
oxide and polypropylene oxide.

7. A treatment agent according to any one of claims 1 to 6, wherein the air

20 entraining agent includes one or more nonionic, cationic or anionic surfactants.

8. A treatment agent according to claim 7, wherein the air entraining agent is a
sodium salt of alpha olefin sulphonate, or sodium lauryl sulphate or sulphonate.

9. A treatment agent according to any one of claims 1 to 8, including between 60%

and around 90% of the organic polymeric material.
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.2 3 JUL 2003 -21- [AMENDED PACE] 10. A treatnent agent accordi ngP‘t:"c;/Ac[II_%ﬂ/Qﬂml
9, including between 70% and around 85% of the organic polyneric ﬁe@m
11. A lightweight concrete formulation including around 1 part by M f
cenentitious binder, 0.5 to around 1.5 parts by volune of inert filler, 2
to around 6 5 parts by volunme of lightweig aggregate per part by vol une

of cenentitious binder, said |ightwej ~ 849 e includi ng expanded

pol ystyrene treated with the treat ngfﬁﬂgggé;?%m]ned in any one of clains
1 to 10. 12. A lightweight concrete fornulation according to claim 11,
wherein the d@mery iredtment agenidancording teddaimdh énaduding betweengoterang aspuns45¢s um
alum nium silicon, 10 oxygen or sul phur, or conpositions of Portland
cement, sul phaf therdigarii¢ polgmesiovmdteriaindi fi ed cenent, al um na cenent, high

al um na cenent, calciumalum nate cenent or cenents containing secondary

conponents i nqllydimﬂ%]ﬁt{wlﬁgﬁﬁgbncp&é ?&hﬁl’?ﬁioﬁrincilgﬁﬁg afotindA ahtdytvithgBlreconcrete . -

formul ation according to claim1l or claim 12, Wwherein thé |ightweight

aggregates include.perlite aor.vermcul it . Ny i congcrete
-formul ati on 8%’88&&?%5 Ibfn el asl tr?'\arﬂm% o{'§§&%§£¥é¢we®§“\k§gﬁﬁga?g%ﬁrgu§€@) and
100% by wei ght of the cenmentjtiqus binder includes an inert particulate
material . £5. PAY b)gmlmegﬁﬂls SrrislitagstegirRFLRATHDY Yelument ngmeRiiqusibinden,
wherein the inert particulate material is natural masonry sand. 20 16. A

| i ght wei ght ce3idldightvdight rggregatenncludiog dkpagdedpelystyrane trshted vathrthe trzatment] 5
wherein the cenentitious binder is a blended cenent conprising 10-90% by
vol une of Poagdmdefigeinnhy aneloPClaitfds tyl0vol une of a mineral additive such
.as fly ash, slag, nmetakaolin, silica fune or the Iike. PCT/AU00/00'3 0 1

2 3 J UL 200313, A lightweight concrete formulation according to claim 11, wherein the

cementitious binder includes one or more compounds of calcium, aluminium, silicon,

10 oxygen or sulphur, or compositions of Portland cement, sulphate resisting cement,
modified cement, alumina cement, high alumina cement, calcium aluminate cement or
cements containing secondary components including fly ash, pozzolana or slag.

13. A lightweight concrete formulation according to claim 11 or claim 12, wherein
the lightweight aggregates include perlite or vermiculite.

15 14. A lightweight concrete formulation according to claim 11 to 13, wherein between
around 50% and 100% by weight of the cementitious binder includes an inert
particulate material.

15. A lightweight concrete formulation according to claim 14, wherein the inert
particulate material is natural masonry sand.

20 16. A lightweight concrete formulation according to any one of claims 12 to 15
wherein the cementitious binder is a blended cement comprising 10-90% by volume of
Portland cement and 90-10% by volume of a mineral additive such as fly ash, slag,

metakaolin, silica fume or the like.
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.22- [ AVENDED PAGE] 17. A concrete mix including a |ightweight cdiicyalgoooiol
formul ation according to any one of claims 11 to 16 and cont ai ni rgg upt M3
around 60% of entrained air volune. 18. A concrete mix according to claim
17 and cont ai ni ng between 25% and around 50% of entrained air volune. 5
19. A concrete mx according to claim17 oj, claim18, having an overall
density of between around 1200kg/ m bﬁﬁggpgﬁggﬁiwkg/ 20. A concrete m X
according to claim 19, having an ove[ i f between 450 kg/m*' and
around 650kg/pB . 21. A nethod, of constructing a wall conprising the
steps of erect{ngALonsrgieaniaipeiyging a ightweight:gonespteformulation sesaading tpamal | el
mutual |y spaced apart franme nenbers, attaching facing sheets to said frane,
and filling aoumefdsimsdlnedoland wertainigg u tbacdung 196 ef entvdindd ait helume.

| i ghtwei ght concrete m x according to any one of clains 17 to 20. 22. A

net hod of formg.ngAaoRereRahixeactoidiig @i il 17UNEBhAINThY b&VERA R§YNMhdldAGundt ePs
of firstly mxing the treatnent agent according to any one of clains 1 to

10 with wat er 59ckqrt r;i?éﬂiﬂ{)olﬁméeous sol ution, secondly addi ng expanded
pol ystyrene-aggregate to t he ‘agquéous sol ution, and thereafter adding a

cementitioys binder. 23. A nethad accordi to.claim22, wherejn the mx
consi sts of. Pﬁ pRrPngFe T o, natgﬁ&ﬁ‘f‘ilg%ﬁ%“ﬁi dg]?V,ma?BOt'%fahﬁsnS@%{ro{s by
vol ume nomi nal water; 20 0.5 to 1.5 parts by volume inert filler; | to
around 9 par t Betygen,gpuneb] 300k pimieangraround A58k, and up to around 5% by
vol une of additive. 25 AMENDED SHEET

20. A concrete mix according to claim 19, having an overall density of between 450

kg/m’® and around 650kg/m’.

21. A method of ;:onstx;ucting a wall comprising the steps of erecting a frame having a
10 plurality of substantially parallel mutually spaced apart frame members, attaching

facing sheets to said frame, and filling a cavity formed between said facing sheets with

the lightweight concrete mix according to any one of claims 17 to 20.

22. A method of forming a pumpable lightweight concrete mix comprising the steps

of firstly mixing the treatment agent according to any one of claims 1 to 10 with water
15 to form an aqueous solution, secondly adding expanded polystyrene aggregate to the

aqueous solution, and thereafter adding a cementitious binder.

23. A method according to claim 22, wﬁerein the mix consists of:

B part by volume of cementitious binder;

0.5 to 1.5 parts by volume nominal water;
20 0.5 to 1.5 parts by volume inert filler;

1 to around 9 parts by volume lightweight aggregate, and

up to around 5% by volume of additive.
25

AMENDED SHEET
IPEA/AU



