-e3e() (""#d$pl %7) 6) T) Yk TI TLE: CONCRETE FORMULATI ON FIELD OF THE 28 JuL 2003
| NVENTI ON PCTI AUO0/ 00301 The present invention relates to |ightweight

concretes a cuI arly but not only to I|ightweight concre} e as
core infill %W(’gandw ch Ll‘mmmm\“mm 5. BACKGROUND OF THE | I@%ﬂ#@r

technol ogy involved in prgmmm unplng l'i ghtwei ght concrete is mell
known in the prior art. It cangggperally bel achi eved using two types of
density nodifiers, nanely foam and |ightwei ght aggregate. Foamed concrete
is made by i ntlrlqmgcmgNa:maTErF(meLAgagNl [l ed foam aste that
is typically fornmed with water and Portl and cenent al ﬂmm E”Bﬂﬂ nd cenment

with a fine, IFgEb FQIkHE Wﬁo The foam structure’i d by

addi ng a gas genera I Ng c the Portland cenment pd&és* or by mixing
a pre-formed, water based foam into the cenment paste to achieve a density
bel ow 1000 kg/ n8. THSPTP®EDt BveRRanTsiFtsdq lighweight gonerstas|and @agicisnly thenel xed
wth a pre-formed | 5 aqueous foamthat is produced .using a conmerci al

f oam ng agent ,ordpahligiswaighy conoteyesefdr psecdsedore infitiifer emmvddebaﬂeeqﬁall'mgs a foam
generator on.site to nake the foam Correct ratios of foamto concrete,

particularly %AER%R@B]\%WTHE?N@'EN’H@W to maintain. This difficulty

can lead to the possibil |ty of non-uniformty of the final foaned concrete

produced, as wel | ri i ual i unpabi it Xt. abi | jt. 0
a1t shimg. char B Brsiseydnvared i isbiind SPEP o fenPatiedyopretq el
that the foam begins to collapse fromthe rmrrent it is formed since the
foamis not seffowpdndhaprierprt. It gan senceily begghieved vsing Ave &nes oh@BIty ni xi ng
| i ght wei ght aggregate such as expanded pol ystyrene, perlite and vermculite
toget her wi t h modifieisaharhélyfear layd tightgeighd aggrepe 00/ 6151 9 -2 PCTI AUCO 00301
at applications with concrete density above 1000 kg/nB. Difficulties arise,

hoviever, i n 1 Xi ngedig GRAEAL L hplds b§'+tg%aﬁgﬁlg% Wier bhght YRl g Regiaga) ©

due the tendency of t aggregate to°c segregat e’ Because of Its

nherent cQppOSLl o0 SAdLON GBSEL Lk SN Koed BB RS ER] HAE

M to over CO”&tL " fine, ﬁg”ht'w&gﬁl?igg?ég%?f anehf'oimts?rﬁSiué 0 d3dloped by adding a gas-
generating chemical to the Portland cement 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, particularly 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



segregati on and cl oggi ng probl ens associated with |ightwei ght aggred%pé"“'zmﬁ
concrete production. Such |ightweight concretes ie. foanmed concrete and

| i ght wei ght te 10 concrete have been used as core infi

sandwi ch paﬁéﬁa@gﬁ?ing but are subject to certain difficultié@hwé@&@ggl

concrete exhibits a high hydrostatic pressure during core filling which
soneti mes necessitates the use of structurad-formwrk bracing during
core-filling of sandwich walls. The mi x nmay al so col |l apse heavily during

punpi ng and peikpphgatiéWith Sorichéte Hemsigfabbhe 1060 kg/el IhiFfANY akisd, QotWreera] |
cavity. As far as |ightweight aggregafe concrete is concerned, core infil
needs to exhi Ri.t: ensi 1 y...of 00 ka/nB,. el,.ow Lch | ut si de e
normal - denst 1 §1ipnf € Ppdatiadhy IR BT Il RE Y e BE ol iRt o HE
up to 1 nB of bulk |ightweight aggregate volume per 1 nB of mx is needed
to be i ncor poRggregate o tles apd segryeate beeausxsobits inberent £ompesitiansanddowispecific
coatability of |ightweight aggregates due to the insufficient nortar vol une
present whi chgeatgequently results in poor m x honogeneity and insufficient
bond between_the m x constituents. WO 00/ 61519 -3 PCT/ AUOO/ 00301 The

i nclusion af air-agntraihi QEARL i k :

dur abi | i ty,g ai d pﬁ%p%%ﬁ“?@pgggngﬁ%ifg wor kea%’igﬁ%g}é’qgﬁ@|b§%§gs%ﬁ%‘é‘ﬁ§?a?°yth8f
concrete has | ong been practi.ced in the_.art. .The AEA dase s. normal |

speci fied to PRIGEORERHIRS B 1 OUFSPF TUIRE hePIRE AR T (N oEETP R i ent
limt set to a maxi num of 22% by ASTM C5 150. Air contents higher than this
wer e nor nal | y segregation, andsingging prpblemsnssgsiaied vidy lighsweigbt aggragateprongfete
reasons including: during punping a highly air-entrained concrete, the air
bubbl es tend peoduceiak. upon inpact with the pipe walls, joints el bows,

forms, and the |like which |eads to variable air contents in the placed

concrete; 10 the i . f@Qﬁ | air

encl osed by the pi@[gle ilir%gt,ﬁﬁﬁégggﬂg (s)l?egunpl%pﬁfﬁéé@ﬁgﬁwﬁéﬁéﬁ%l lity (
of excessive air during punping wll, uce i.ts effectiyeness as a workable
medl um and! G EansTEte e bErT HSeR dF fortedn%ﬁgere%anéwé’saw watling bt 4R Subjes te an
cause the placed wet concrete to collapse due to the 15 instability of the

ai r-voi d syst eartaiadiffidultesy air entrai ned concrete can |l ead to excessive
reduction in the strength of the hardened product. It is an object of the

present inventi on RAnRMOARER «XhibdIRl High BydroStatic Bfesbide Quiig 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/rn3 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 incorporated 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 di sadvantages of the prior art, or at least to provide a comerci azlqiljUL
useful 20 alternative. - 2 3 J UL 2003 WD 00/61519 -4 DI SCLOSURE OF THE

| NVENTI ON R, ‘00301 Accordingly, in a first aspect, they i

provi des an ac@lg?%k}e for preparing |ightweight concrete, sai C#WO{O@@I
including a blend of around 40 to 99% of organic polyneric material and
from1l to around 60% of an air entraining adent. 5 I n another aspect, the

i nvention conprises a |ightweight concrete formulation including one part

of cenentitious biﬂQ%amﬁoéoﬁar.]@ﬁﬁymglag%nga(mmo Hﬂﬁ%@ﬁ@éz@tﬂ@%ﬁuﬁbfltﬂ1

2 to around 6 parts by volune of |1 ghtwel ght aggfegate per part by vo

of cenentitious, bi nder..and up to around 2% ight of the addjtive. The
Sddt i ve al | o PHEPTIUSLEIEYE BeRkAihDnird et BivcRosiy o Prefis BasdPiyoeeto
preferably up to around 60% entrained air volune. ldeally, the concrete mXx
contai ns bet wosartizedirathe asr dhadr S0 duse wap apweallysipecified tnrangahetvean 6¥etori’gh
content is not normally used in concrete mxes due to the difficulty in

control i ng t hag vol¥me UGB niixWvith add dondtit liainsee & a hkxBhu @F 0BV iy ABTM C-
provides difficulties in workability, consistency in density and tendency

to coll apse ti i f ‘ i I 11ah. res.
The concretse B?gdﬁg%té’%%hﬂgﬁg}%\%%ﬁ gﬁ’lé‘{(f){ 133&%8%%% %ﬁ{dgﬁn r%l%ﬁ%gy range
in density up to 120Qkg/ nm8, however, the inproved air stability provided by
the bl end addicpfl%"éteafqr@vfén&erféfrﬁ‘ﬁ?&ﬁél?‘ilb‘iﬁnéh‘ a lightweight concrete with a
density well bel ow 1000 kg/ nB eg. 450-650 kg/m w th |ess |ightweight

aggr egat e vol une tduaimgipnmpopvehighbnair-eAtraimed esncodte aberpaubabbles thad ¢o byeak By
way of conparison, in one enbodi ment the use of the blend additive has

al | oned the palpsstipeieviiihk piész \uﬁws,ijr&pﬁs elbd¥s, @frm¥ ¥nd Be Dike MEAHCRES thOom
around 1 m to around 0.7 to 0O.8n8 his reduction also results in better

coatability of, t. : e _(..e. helps ensure that the entire
surface of eac%ahgglf%glj %%B%qugggg%g%gérﬂé% PCT/ AU00100301 -5 bead is
covered), inproved m x workabjlity nd j nproyed bond between th

i ght wei ght'® mor t arthe BHPFBIEHoLH 8% h%gbiﬂrﬁw ﬁéO’E‘BFFﬁ%‘EErﬂ“ FRIGSALOKTE | n

one preferred formof the invention, the |ightweight concrete produced by
usi ng t he bl erupeldd leadmg napulbpingsfeduks core infill in sandwi ch walling
appl i cations

the compressibility of excessive air 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.
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5 without the need for internal or external vibration, or formwrk brzagi“'r!ilé‘. 20
It al so enables the use of nail-fixing of fibre reinforced cenent facing
sheet onto %ﬁ steel fram ng nenbers w thout excessive bow ng or bl ow out.
Preferably, " “{Jﬁlogporti on of organic polyneric material in ?‘H'er/éHﬁﬂ/‘{oi"Q}e is
bet ween 60 and around 90% and nore preferably between 70 and around 85% 1
o Preferably there is between 10 and around 50% of the air-entraining agent
in the blend and nore preferably between 20 and around 40% A broad range
of organi c poptgeNickURE 5P PR MBYERSISed in the blend. Preferably the
organic polynmer wll conprise one or nore thixotropic agents which either

di ssolve in water or vggi h at [east form coll oidal . isperai ons. in the
presence of 15 watticOIBEY IBFdLrshaspefe fedr¥ention proyidrsian\pdduyefohPEPditgani ¢
polyneric materials include cellul ose derivatives such as

hydr oxynet hy| tightweiglstesonbreth; saig etititive sedlidings blead ofigrtund 0o 884 ofhagimit
cel l ul ose; polysaccharides such as starches or al ginate; and synthetic

hydr ophi | i ¢ pebkRérk RafriaCRl YO 1StoeihdaD P aVvdin¥htrahia@hgknt. POl yet hyl ene
oxi de or polypropyl ene oxide. 20 Any suitable air entraining agents nmay be
used. The term air,_entrainin ent refers to syrface ive ents ...
(surfact ants) whi A Saeiet Sl A IRVeridn Ehpliths 3ibBReREeontle  fifuitiopeq

wi th water and/or punped. Suitable air _entraining agents include one or 2
3 J UL 2003 vslpding poegapefromemitinysdindes Ongeareind bAiParts By vpimeofdnert

ani oni ¢ surfactants such as sodiumsalts of al pha ol efin sul phonates and
sodi um | auryl fAldrphat @oond 6 phnehonasdlameldfdighthtight uggregytelper park by valunke af
broad range of cenentitious binders which include all inorganic naterials

conpri sing CORBAIRHELEN bif@drGhd W 18 atiind 29Ty WeighfONthe Ad@XXgEN and/ or
sul phur which exhibit hydraulic activity 1€. set solid and hard in the

presence of water.Wel], . kno C nts, of this. t i ncl ude co n Portl and
Cenonts. fast set TGS R Produfion ) katyBRt Do P i i aiine o
nodi fied cenments, alum na cenents. high alumna cements, cal cium.al um nate
cements andP ceelerablykp énarosnd 80% eseamed airyolsen deeatlys tha eanceese miy comgpins
pozzol ana and the like. The term 10 "cenentitious binder"” includes other

wel | known bi rietewsers269 aad afoupid 39195 eatraigeccsicvolamd. Mihxd witraighhermeait ismdth
Portl and cenent. Suitable |ightweight aggregates are also well known in the
art. They incliidgafy n300k QheRd HMLAS dadth &Y BiffGliCin! dobiBidhé nAQILEaAd €S
such as perlite, vermculite and expanded pol ystyrene. The "expanded

pol ystyrene e.in the formof balls, beads, llets gr,.teclainmed
a1l es. - ThalER SR et e B e lsapEn o A Db ss cheieeiiing. 10056 by
wei ght of the cenentitious binder of an inert densifying ingredient in
particul ate f cromsisiengy in density and tendency to collapse, particularly 1 pumped vertically or at

15 high pressures.

The concrete produced from the abovementioned cement formulation, may range
in density up to 1200kg/m3, however, the improved air stability provided by the blend (
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 additive 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



. . . . - . JUL 2003
particulate material. The term"inert particulate material" indi catezsaa

material being inert with regard to other conponents of the conposition,
havi ng a densit)/ reater than zo the |ightwei ght aggregate and | ess than 5
mmin size YR8 8 erred inert particulate material is nat uPSQF/AHMBH0Y
sand. In a further aspect) the present invention provides a nethod of
constructing a wall conprising the steps ofs-providing a frane having a
plurality of substantially 2 3J UL 20f WO 00/ b1519 PCT/ AU0D0100301
paral l el nutu . r I i eets to
said frane an%@???ﬁ%g@hﬁg&ﬁ@%ﬁ%gﬁﬁéﬁ %%‘bgﬁ?g%ﬁﬁégﬁw g%gﬂél:ts with a
| i ght wei ght cgoncrete, the Iightweight concrete conprising a cenentitious

bi nder, a i gﬁemegﬁ}t mOTEF eYjAPRNeRhand the PEIYS P e Compangnt invke WBhpri si ng a
bl'end of 40-99% of organic polyneric material or 5 conbination thereof and
| -60% of air entr & onegrefegredtferm bfiths inventian,fthe tiplewedgdp eoncrett peodaced et

i nvention provides a nethod for form ng a punpable |Iightwei ght concrete m x
conpri sing t hgsiah @RSpiedd dddithld MayTb& it dshBreddlfill i ¥£1d%i&ﬁ"w‘éﬁi§1§ra %Hcitf&'hﬂ‘ an
aqueous sol ut.i on; secondly addi ng expanded pol ystyrene aggre aP to the
aqueous sol.ution and theregatter addij ementitious binder. .t Fur t her
Cnoxpect ed SheaReRbgPEL AR i ena A RET A pE B ociciie ot Al ghables

| i ght wei ght aalgregate filler material. There is a known problemwth

pol ystyrene i fheruseof sairfiaiag ofifipre rrinforded cemantipeing|shesi onjocthe steelddiaming
devel op el ectrostatic surface charges. This causes the aggregates to clunp
t oget her and hlepdliers withtwe eikegdsiot bbWwingmorblowosi.t u, giving rise to uneven

di stribution, conprom sed structural integrity, and largely ~ 5 negating

the intended effeglefelBlyOtiGhoddRiy 6F &gﬁﬁctpmy%el?fc%ﬁ@fﬁl ihkthd Riduseas! ¥

necessary to pretreat the polystyrene aggregates in order to neutralise

them This requjres additiongl,.chen cals rate process s and
often a subse%ﬁwn(@ﬁ“ﬂergggé’sa@sm%mr‘?éﬁ@ een ﬁ‘iaﬁcﬁ?}‘f’%‘gﬁ?’ "has found
that by use of the above defined additive, this problem of clunping can be
avoi ded. ¥ this MPaefarably thers isbetiveery &0 prd araprd 50Yoofrhsait-eniraining et inthg o
form an aqueous solution, and the polystyrene is then added to this

sol ution. UnexhaeEtmdiniore phiferablybebeen 20cimddrdumdngdtr al i se the surface
charge on the polystyrene, w thout any additional chem cals or process
steps being requi regr,afhg 3k bfbanRIRAIRN SmafeRalshRey BIGRE if heltiend X as a
final step. By ob\f?ggt%angg}tgﬁe nebed ;Bc??ﬁg 51 § 3U Lgy2003 V\ll) OSI 61519 g _
P 010030 SRR PIe Bt MR PLRSERE oh8'r kiFe BRkKBEN &8s 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



savi ngs and production efficiencies can be realised. Another advant ad"’e3 JUL 2003
arising fromthe present invention when used in conjunction with

pol ystyrene _|i ght wei ght aggregate is the bond strength between the

pol ystyrenewgogﬁélsleoncrete. For reasons that are not entirel YQ{hEPE03¢,

t he pol ystyrene does not normally bond well with a cenentitious binder. It

is suspected that this may be due to the hygltophobic nature of the

pol ystyrene aggregate. Not wi shing to be bound by any particul ar theory,

t he applicant . U f 1. 1.1l fd V, I
i ncreases the o%Bglgﬁg%h%{lﬁ&bce%\?e%ﬁoélﬁgmg%q%fg% %‘;&éﬁ% g&ggﬁ%%@@ﬁ%ﬁ’ﬁ% r%eeﬁn
surrounding o cenentitious binder. This nay be due to the pol ystyrene

aggr egat e bei S8lphenaies el g wrylisslphaterisalphgpatsani sns whi ch cannot at
this time be fully analysed. In any event, as will be discussed bel ow there
is a substantial iTheraddeiventayibe mixedbueitida btoad napide dfsdeweatitiduscipddry sihyehene

| i ght wei ght aggregate and surrounding cenentitious material. 15 Unless the

context cl ear iy &Ml [R9g-at 18R4SR ,comyrgyg%mr?ohh&s geeatibR iR, shion,
clainms. the words conprise', conprising”, and the like are to be

construed ipn an_inclusive as o sed.t.o. an exclusive or exhaustive. sense;

That 15 to Saprbf atboridlr SRR Sbibitn e At et A et G Nove
FOR CARRYI NG QUT THE I NVENTION 30 So that the present invention may be nore
cl early under gresencs of witkt. Well knewdesmentsed thik typeristlude sgemmon Rordaridol | owi ng
exanpl es. 2 3 JUL 201 WO 00l 61519 PCTI AUO0O/ 00301 -9 Exanpl e 1-3 descri bes

various m xt urcefnefifs, fasOdthiv @eixtre #a settiag Wil phate@bitiby cenentagasdifad ements,
perlite and vermculite as |ightweight aggregate and sand and fly ash as

fillers. Exa 1 fo. i i Ak, and iller.
M x | ngredi emyé%}%lﬁﬁgﬁ%ﬁi }tuggglrrl%ﬁ? %B%Hggn‘%%‘k‘gg‘g%rﬁg‘%ﬁ? ene‘iﬁgkg’:ﬁ‘ st (50%
solid/bulk ratiq), 200 Jitres, Water35 ~|litres Blend: A r, Entrain i oni c
S0 actant) | ordikh EodaiERdEnpReab b i 1Y S5 ngreflta andthe ke | £he Bn® ¢

10 “cementitious binder” includes other well known binders such as fly ash, slag etc. and
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 perlite, 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
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



by wt. of cenent Density of fresh ni x500kg/m Yield of fresh m x250!it2@sJWb 200
Entrai ned Air30% Exanple 2: Use of polystyrene as |ightweight aggregate and
fly ash + sand as filler. Mx IngredientsQuantityUnit Cenent30kg Sand20kg

Fly Ash45kdvV®e0¢si9yrene Aggregate (50% solid/ bul k rati o) 225 iPCT&I00/00301
Water45litres Blend: Air Entrainer (Anionic Surfactant) Organic polyner 0.1

% 0.3%by wt. of cenent by wt. of cenent sDensity of fresh m x500kg/ m

Yield of fresh m x280litres % Entrai ned Air30% WO 00/ 61519 - 10 Exanpl e

3: Use of Perlit as | i.ght wei ght re PCT/ AUOO/ 0030 edl ents
Tauanti tyunt el el iRk RS e g0t R s RgRhests fo sald e
ratio)40litresWater30litres Blend Air Entrainer (Anionic Surfactant)

Or gani ¢ pol yread filliBgdhedcasty ifyrmedi tepitwecarf said faeitg shisgts wethghlighafveigbtreoricrédenbs t y
of fresh m x700kg/mYield of fresh mx160 ~litres % Entrained Air50%
Comment s on ExgHivkRSt dondretd ofiprififig RIcBRRhBGo @M Nghtvel MO8 rE éﬁﬁéu re

punped into the cavities of a nunber of fibre relnforce cenent |ine
sandwi ch wal | o 4 G0z S on. o servatl it was
found that t Hg 38 9Len e 993?#5%? sﬁﬁnﬁmf‘ Bk S5 AR plePa b

segregation of nmix was_ observed . .e. the air-entrained mx
sust ai ned Pt scqf%‘?/‘éﬁthmth?ﬁ@fm1 694\/‘Pfiayf %IHEP HPE ageRts-col | apse.

In still a further aspect, the present invention provides a method for forming a
pumpable lightweight concrete mix comprising the steps of firstly mixing the additive
with water to form an aqueous solution, secondl).f‘ adding expanded polystyrene
aggregate to the aqueous solution and thereafter adding cementitious binder.

10 Further unexpected benefits arise particularly when polystyrene is used as a
lightweight aggregate filler material. There is a known problem with polystyrene in
this context, in that 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 is usually 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



0o Thé YIELD of the fresh nix means the volunme of the nix produced i@ ®dEL 2003
batch. It is inportant that this yield is nmaintained after punping and

pl aci ng of the concrete, which indicates the stability of the m x. The
density of YROUSKHREH ni x means the density of the concrete bdAUY&I g,
which is the one nost critical to the application of wall core filling. i S
Examples 1 and Air Entrainer sodiumlauryl.gul phate 23J UL 200

Organi c Polyner Exanple 3: Air Entrainer Organic Polynmer 5 hydroxypropyl

met hyl cel | ul oge ristam ne Oxid roxypropyl . nmet hyl cel.l ul ose .

PCTI AUDO/ 0030 PHHS BIERAEas: PHiES: R e R B errdbley Sontaaliilmpisna) st e
to produce a |ightweight aggregate concrete, the resultant m x has simlar
punpabi | i ty p&ikgsrdauodectionstfigienciecermbsieslisadl | i ght wei ght aggregat e

m x. Exanpl e 4 bel ow conpares the punpability performance of two

l i ghtweight | o comoftelradvanieg, ar3itgy fbmhh@preseninvehtion wheastddn @omjunbiiet |
containing a simlar volune of polystyrene aggregate. Sixteen batches of

each m x were : be. et I +f L 1ing
o sandwi oh warTae ergmeHERSEiER ArpftaRe rkual Bl ScLRIncr il et
back-to-back to, mni m'sE site, egg{i#)rrrent a,nci human intgrference ith the
core filling PBYeETiEdGOBEEASIRS THALATRBOLDUFFlY HRYerstapd.dBF BOWFYTanG §lopsRels
corresponding to 15 each mi x. taken as core-filled area (nR) divided by
punpi ng tinme fahmsally buardeweld mthraademeentifiounpinderd 1t @sopreotedithat thie miayrbeadiedo of
| i ght wei ght aggregate (polystyrene) concrete with and w t hout

ai r-entrai nmegde hydPoptobid RALRLIRE fink agte At NIt HRdhHe ol HeMdund by an
M xAi r-entrai ned yl%I xﬁlﬁ X DESI GN Cengﬁi?gtg Kj 5§g}k% Sand90 kg kg Pol ~~gt y)r/ene

Aggr egat e150 Iplmttfrcﬁlsag ﬁ?eolrgl,ttﬁg Epp‘{‘(’ctaﬁ{ l"fgjfblsr(aet%gtsusg ot bRSadditfedefintl o ARA%A0
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increases the bond strength between the polystyrene aggregate and the swrrounding (

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

Mix Ingredients Quantity Unit
e Cement 30 kg
s Sand 20 kg
e Fly Ash 45 kg
e 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%
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Comments on Examples 1-3

The mixes prepared according to those recipes were pumped into the cavities of a

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, i.e. no clogging of line or segregation of mix was observed.

o Stable, i.e. the air-entrained mix sustained its level in the wall cavity and did not

collapse.

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 and 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.

Examples 1 and 2-

Air Entrainer

sodium laury! sulphate
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-1S Exanple 7: Misture retention conparison, PCT/ AUOO/ 00301 The two m xes

shown in exanple 4 were poured into 2400 mmx 1200 mMmm x 75 mmwal | s

const ruct ed&ﬁ‘?h‘ﬂ% i;[UdS of the same gauge at the sane pitch and allowed to
5 cure at a onditions for two weeks. The walls were thent/ePUHOBY, [ ed
to a drying cell where they were subjected to 20 cycles of 360 m nute
duration with half the tinme at anbient tenperature and the other half at
45C. This was followed with a further 10 cycles of 60 m nutes of heating at
70C and 10 mi nute te yi hg exposure, core
sanpl es were take?rgatr% ]tyﬂ 1%rlg}%l sttrPrB txx{n%mﬁ%tﬁgl&ﬂﬁloq 1 o was determ ned
at a simlar |ocation each wall. The results of the noisture analysis
reveal ed that the—l}-ﬁ%ﬂtﬁ&el ght concrete (air entrained) mx retained 9.38%
nmoi sture conpared to 5.13% noi sture in the conventional polystyrene

aggr egat e non- ai r AenEmtedimeed m x. Mymstaimoietids t hat, even after severe
prol onged drying, the |ightweight mx according to this invention exhibits
15 water retentioprgaR@bbividey up %9dﬂx??§zﬁayﬂxﬂ%bﬁ:ellhﬁ)sgm sture retained in
the conventional mX. Fromthe above, it Can be seen that the |ightweight
concrete mx exhibits superior water retention capability conpared with
conventional |ightweight (polystyrene) concrete, This limts the vol une of
water |iberated by the mx within the wall cavity, 2o resulting in reduced
wetting of the fi nhéapl@i%ﬂbh%éaumcbﬁbéwhwéipﬁ&néwééttgie ignseddl pErtiucy 2 t he
facing sheets suffer |ess degradation in their structural properties. In
particul ar, t hightwesglitfapregste atnrstes thevrdsaltatngixdapanhilar patrepabiity perforedhnce

| eading to | ess bowi ng and bl owout during core filling. Al so, drier sheets

lead to | essepphapbfh EQventional gggw}g,éh{a%&@gmy\g 90/ 61519 PCT/ AU00100301 -16
progressive shrinkage of the sheet as t wal | dr| es. This causes |ess

strain (less openi é%%lpgef4$ eY"j&\gIE}%%%gt E’H P’é’ﬁ he Scré%?rt\%o hAﬂmtimght

out come of the ef & e or'e

reduced joint degradation due to the reduced vol une of excess free mater
comi ng froMf t KENGFIR RIS @ne Witk aFentiainmet aphang Withedt, coppiging rnmaar ylpmer
adhesi on of the base conpound and | ess danage to and distortion of paper
jointing tape ofpblegidig dpgicgaen Shdeencmindhel af edael silveeérs praflused, piniped t¢ thent s
enabl e, quicker and earlier jointing of walls on site and reduced

degradation f rsérﬂcﬁ,%@bk@' fbr &’dré—ffﬁ’ n‘{%&’f RIS RN WRHEFRCSRABA! TR O

the jointing zone. to d strength conpari son.

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
* Cement S0 kg 50 kg
e Sand 90 kg 45 kg
¢ Polystyrene Aggregate 150 litres 200 litres

s Water 37 litres 35 litres
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The wal |'s subjected to drying in exanple 7 were tested for bond strength
between the fibre reinforced cenent facing sheets and the two m xes
outlined i 4. This was achi eved by applying a tensilg ce to the
FRC/ core | %@Wﬁgﬁat different wall 15 levels along its hei glFﬁ-lt/Aﬁl?l%‘mm
results are shown in the table bel ow Test |ocationBond Stress (MPa)al ong
wal I hei ght Conventi onal Fai | ure MbdeAir-entt2i nedFail ure Mddel |00 kg/ n8
m x500 kg/ m8 m x300 rmD I 2Adhe5| veO 14Cohesi ve900
mmD. 07Adhesi[VEetRil —O8AdheST 08Cohesivezt 5
mr0. 00Adhesi een tka(ﬁ, upon cycli cr’gl/"bﬁmtqﬁ
air-entrai ned atiod in bond streng red wit
t he conventi ona@r%W§m%P§erHPQSeP1 heglan 20 |al so be noted t hAB3% he wivis
m xes exhibijted distinctly different failurg mbdes. The 2|gmety L 2003 WD
001 61519 PCTI-AUIEBRAG{EY Ait (calcutmed fiognfieldn ¥ failed I n an "adhesive"

manner, i.e. byangejgﬁglgunggguggmé,ﬁg) FRC corrponezf% from t he co 854 ong the| T

anner 1| 1 PRI URPOMNT (G UHE Ted bonaed ang hella ure |
occurréd in th roig yael E?WU/H@%HF?\%W%)J C ‘E]Q%le seen that % | i ght wei gh

m x accor di nq@TMEWQ)SEEé@%@N nvention exhiHits superior adhesion to the
fibre reinforcebedsityiofdresinméts. That is to slay)75tkemconposi { 628kgmmgt h of
sheet/ concr [ &7 SREPST fréshiiR OVed Whi ch Teads) (79 likay overent | pag ifkes overal

per f or mance o REEET LI (14 B Ry ™ 1 [0 i fiE TS UY7S GanepT T

since there Y- t+he—add-ve—er—pre¢ess— o1
pr oduci ng thgaj it xﬁnhihpmfm‘r ete formilatilon vwoul d F\Xh_::hl 1F such superior
adhesi on. |t WDFR%@ offtesah miv per sons_ski | | edl 09 ki@’ ar ¢t hat78 kefm’
"cohesive" fpa¢llossingiedd substanti al inprove o over and abo¥& conventiona
t echni ques. amlueboge ﬁﬂﬁfgh—@{e pul T out corrpair2§gmz/}{£5 The \A@Bgnﬂ}m ected | (

to drying i nTexanpte 7 were testedfor therT anchor —puf—out—toad
capacities. Ancho dr| I .
inserted in both %‘ﬁaﬂ %gtr% E}??ldtg ql;lltlteér{\\gmé%&g%sgn?ﬂﬁgg eﬁd‘ﬁﬁ&fﬁge
head until|l a peak | oad was reached defl ni ng .anchor vyij el di ng ﬁEe r esul ts
are shown in WRaixaBeh ksditeieduced frigian indhepipean) Alsehisss q*ysees HistRipgsavill
1100 kg/ mB8 m xAir-entrai ned 500 kg/n8 m xH LTI HGN 12 (~10 nm Bol t

si ze) 2. 110. 71bt exfferiehi2daiut %o {mpraved Bk thogiozereity9bdite3@o3@bilit oBbehdk a@dB8 WO
001 61519 -18 PCT/ AU00O/ 00301

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:



It can be seen that when an anchor intended for conventional |ight \&a? dH{- 2003
concrete was used, i.e. the HILTI HGN 12, the air-entrained m x exhibited
65% | ower pull out |oad conmpared with the conventional mx. Since this
anchor relies on core density to achieve its pull out |oad characteristic,
the fact that the |ightweight concrete is 5'!-3005 |l ower in density translates
into reduced tensile strength and consequently reduced pull out strength.

On the other hand, when a cavity wall anchor H LTI HHD 6119 was used, the
t abl e shows t hgt—t-he—peHd—ot—force—tre di.n!_a-t-L-n?—Lg—t-he_t-\w—m-xes—\Aas———
reversed, i.e.|4ightwsight Eaneraiedddr ni x exhPeflectan auifdmghe Frigs gt 608 aw
conpared with gonventional mix. 1 o Thikfremaaltbase bel j egrom waldasee| at ed
to the inprovepChovedtistal 200§t kg/mf ntike ai f4.80kmai ned m x i3chmhel ps transfef
the pull out foAmtrgjnegggoy%!@nme fac) ng ppheet, due to [tjhemay esetting

action require “prror to S berng oaded:

Wen the RAD Type
anchor is set, the body,.i ol.l apsed into fqur radiall ri ented arns that
come into contact V\’ltD 'Pﬁytpﬁgetfeéb% egqarﬂpcqt.ﬁo@ﬁgﬁd[a, oyﬁéc&ﬁ;ﬁeﬁéha(?lhe alr-
capacity/density ratio of the core 15 mix is substantially inproved. This
result is quitecdwnediSep kg/m Nsnsibrnix ensblss aound a §Pouedughion bothe bewingnidRiCde
good insulation due to high entrained air volune, but at the sane tine it
meet s accept abl fichandicagsabpaeid wifitlég licy efbeatanveswarat 1 60rkdmhdemgy bdsi ns,
cupboards, and the like. 20 Exanple 10: Density Mdification Typical

fornul ations fupyrhsbbvsisiic AR BPatidhhn 068t amanef  1200kg/ m and
450kg/ nB are shown. Bot h” exanpl es showed excel | ent di spersion and bond

strength with the | yst yrene .aqqr.eqat e, 00] 61519 - CTl 00301
M o Densi ty1200120085 FiodRisraoed ‘%"%‘ﬁl"?ﬁa‘?"fv'\g"ﬂ&e“l“‘}" a 400 mn ide, 22

wt . Bi nder 253354 00. 00%400. 00% nert Fill er394630I 55. 56%4.77. 78%ol y

Aggr egat e295311bizh roufl cgvitxand the|dypamig sesponassdteusdiing;opes7lling »op measuurd
Densi t y450450LitresKg -Rati o by vol.Ratio by

wt . Bi nder 108151d5fg D8 Elerddl3drmaruntdd deheih® 3B 1ave FipdS0. K00Fddy). It can be
Aggr egat e9469875. 00%6. 25%M\at er | 401401 29. 85%92. 75%Addi tive62 ~5.25% y 1.31

% 1n all thesesdehEmne tesightWghtReadtbie (Hir-eMPAREH RS erhiPitelCdi griiAtandlf dess
comercially significant | nprovenent over the prior art. Although the

i nvention has bg e85 B kL DE8; QIF%@EE'&{ 0B1.68.atlent¥ainkd €
appreci ated to those gﬁgltlglﬂp%&thté?}gf{&t ﬁgltotnt e |mer?ﬁg§')r%§na§l greer?boéli ed
i n many ot her f%rhps. PCT/ AUO0O/ 00301 2 3 J U L 2003
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15 Flgure 1 Dynamic response of conventional mix - 1100 kg/m’ density
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-20[ AVENDED PAGE] CLAIMS 1. A treatnent agent for polystyrene |ightweight
aggregate to be used in the preparation of |ightweight concrete, said
treatment agent including a blend of around 40%to 99% of organic polyneric
material and 1 %to around 60% of an air entraining 5 agent. 2. A treatnent
agent according to claim1, including betwegp 10% and around 50% of the air
entraining agent. 3. A treatnent agent according to claim2, including

bet ween 20% and around 40% of the air entraining agent. 10 4. A treatnent
agent accor di ngMemerany onrg,of, ¢! ai rT?“]m tgy3, wherei rSamis: 80Yarire: frer yneri c
mat erial includes omgeer ~AOLE T.hixolropic qxs_i_a_e_n.lilan viscosi-ty. 5. A
treat ment agent accordinp to| any fone pf cliaimsi 1 tp 4, |wherpin {he ¢rganic
polymeric material is a Fertulosq derfvarijve, | poj ysagthar{de, {ora
synthetic hydrophiligpolynef. 13 6. A trgat nent dbent {according tolclaim

5, wherein the organic pplyngerifcjmatefial Jis sielegted ffromp grpup
consi sting of hydroxynet pyeplHulose-hydtoxye y hydeeyy
propyl nethyl cellulose,|stagcly |lal gi pate,| pol v} coho| , pplyethyl ene

oxi de and pol ypropyl ene PXIofF—f7 "X tleat tpapy one of
clains 1 to 6, wherein t [ 21 I jor e
noni oni ¢, cationic or anjoni rf act pht : tyr rdi ng
to claim?7, wherel n-3M¢ p+—pnigt rA—adent—-i 44 —atpha

ol efin sul phonate, or sofliunf | dudyl splphate 19, A tregatment
agent according to any ope of cldins {L to{38, i1jhclipin et ween p0% gnd
around 90% of the organif yoedic nbt eriial CILAP00/QD3014 -

[ AVENDED PAGE] 10. A treptneht adent pccofding to Elaifm 9, | ncl liding

bet ween 70% and around 8% Of TNa O gFNI T 01—371@7: e A
| i ghtwei ght concrete forpulaiionjinclidi ng arogund aft_byj} vol une _of
cenentitious binder, 0.5¢e around 1.5 parts by volunme of inert {odeber. 2
to around 6 5 parts by volunme of |ightweight aggregate per part by vol une
of cenentitious binder, said |Iightweight aggregate including expanded

pol ystyrene tregjAffe Bilbyhafniterelponad SRIH-erad rélelis0edgini? ®RAMtyone of claims 1
to 10. 12. A lightweight concrete formulation according to claim 11,

wherein the cement i i, ol blyldRfoslal bHdERe BNHGcTH SAHIPONRISRhcSR! Ci Um

alum nium silicon,

advantages over the prior art. It enables elimination of the need for external formwork

s bracing to control bowing and blow-out of the wall panel. It also enables quicker
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
apgregate concrete. The lightweight mix is free flowing, self levelling, segregation free
and can be uscd (o fill, for example, the cavity in a sandwich wall without the need to
consolidate the mix by internal vibration or external tapping.

15



10 oxygen or sul phur, or conpositions of Portland cenment, sul phate 23 JuL 203
resisting cenent, nodified cenent, alum na cenent, high alum na cenent,

cal cium al um nate cenment or cenents containing secondary conponents

i ncl udi ng fVP WSASI9p0zz0l ana or slag. 13. A |ightwei ght concPET@U00/00301
formul ation according to claim11l or claim 12, wherein the |ightweight
aggregates include perlite or vermculite. 15 14. A |lightweight concrete
formul ati on according to claim1l to 13, wher ei n bet ween around 50% and
100% by wei ght of the cenmentitious binder includes an inert particulate
material. 15. A lightweight concrete fornulation according to claim 14,
wherein the inert particulate material is natural masonry sand. 20 16. A

| i ght wei ght  cgpgH b i j to any one of clainms 12 to 15
wherein the cm%gi'mﬁgéeﬁggﬁ?geg%&eﬁgéd cement conprising 10-90% by
vol ume of Portl and, cenent anﬁl 90- 10% by vol unme of a m n8ral addi tive such
as fly ash, slag, 'ReEPEKEGFSSFhOWR iR eXApRIAA Wve Pored inig 2400 mm pd2PAoyn A0 ~ ~
~ 2 3J UL 2003 -22[ AMENDED PAGE] 17. A concrete mx including a

| i ght wei ght concwetle cédrtmoted biop sacls of thersgme gavge/atdhe safie pitchi el allbwed 14 6
and containing up to around 60% of entrained air volune. 18. A concrete m X

accordi ng 50 @irdiathrhbieAnebraRYnd oY the WK ERe Halls Jagk e wakiePed Rfa drying
entrained air volunme. 5 19. A concrete mx according to claim17 or ¢laim

18, having an | 1., densi ty,. n.,ar 1200k 0 reund.
a5okgim |20, X TR HEN G bl AR TR0 A o os Ui BTN e o
density of between 450 kg/m and around 650kg/nm. 21. A method of
constructing &ORiEHE twm%wg iapg therpsher haliat 46° G Ebisiwag fallewedhwith avfrheral 010
plurality of substantially parallel nutually spaced apart franme nenbers,
attachi ng f aceyudessdrfest minuces Ddheatingend0°@and 10 Winutgs & anshiertyerhperamde. bafrercen
said facing sheets with the |ightweight concrete m x according to any one

of claims 17 #8 Rfing22pofrdRbRAAMes PsEtREn AndHENAGK ! ECHMMRE Blth waNCT et e

m X conprising the Steps of firstly mxing the treatnment agent according to
any one of 15 to for,man aqueous sol ution,

cl aj 1 to 10 w.th water

secondl y algdi %Sggitﬁgﬁﬁlgé ab%?%*a};/\@ec éo%ﬁlgﬁp%g‘t%g' to the aqueous sol ution, and
thereafter adding_a cenentitious binder. 23. A nethod _according to claim
22, wherein the mike&esnis 8t e goistyreanatysisyexeglediibatdhe Hghiwsight rortaetsi(@iger ;
0.5 to 1.5 parts by volunme nom nal water; 20 0.5 to 1.5 parts by vol une
inert fill er; 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 retained 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
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20  also be noted that the two mixes exhibited distinctly different failure modes. The
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improvement in the overall performance characteristics of the sandwich wall. This is
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.

13 The walls subjected to drying 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/m3 mix | 500 kg/m3 mix
HILTI HGN 12 (210 mm Bolt size) 2.11 0.71
HILTI HHD 6/19 (&6 mm Bolt size) 0.90 1.30
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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
4501<g/m3 are shown. Both examples showed excellent dispersion and bond swength

with the polystyrene aggregate.



=1 =8=D=T=U=Z=f J* ; #109%.D8L& ()-M ; #109%.D8L& ()-M 238 JUL 208

 #109%.D&L&' () - M=

; #1006.D&L& () -M ; #109%A.DEL& ()-M ; #10%.DELE () - M

L #10%.D8L&' () - M o0: #Z=[ =" =a=u=v===| L. ' 0: # ; #10%.D&L& ()-M ; #10%.D&L& ()-M

: #1094 D&L& VPOM6152004 DRL& () - M : #1094.D&LE ()- M ; #1094 D8LE (FCRAAUO0R030L;
: #1094.D&L&' ()-M ; #10%.D&L& ()-M ; #10%.D&L& ()-M ' o: # ; #109%.D&L& ()-M

L #109.D&L&’ ()-M : #1094 D8L& ()- ME======>| Q0 SY 1090& ()- :#10%D&L& ()-M o: #
 #1000.D8L& () -M ; #1094 DEL& () - M ; #10% D&LEIY) - M o: #>R>>>, 222| [ 0

YMLO%O& ()-0 s' 1098& ()- y398109%8& ()- y"109& ()- ! 109%8& ()-

F1098&' ()-??7@@@oN [ : 0 y 10988& ()-0 41098& ()- 2109& ()- LOL0%& ()- .
L0984 () - +94.0% #&' () - ADALA2AAAABA] A} AvU4  P3F 10%9&' ()-f 3F 10%%& ()-f

3F 10% & () f 1.004.004.007% Q010040010 [ L ALAALLALASLDRD=DL L . ozl 14

"A‘ \ } LU 77UV /WU /U I LI/ \ } J' vvvvv Y, A
10%%& () - 0.0 Q100 %g (). 1 00 L0 - 1200

f 10% 9@ ()-z BBQOCCND) [ : vij4 I—(meﬁO%:O/&' (Kg - 1Botiodyvpl Ratioosvm. ()
"10% & ()- {BOReYE ()-  |10% 285 () - NDDDDBZE| E| [|: vU4 100.00% & (100.00%
10%%& () - * Iavet@illey- s 10%%854)- 3 | 10%5& () - 155.56% 177.78%

| %61 10%%&' (YpiicAddrblattV " _ 29 ) . 116.61% 0.83%

H'3" 10% 9%& o e v a4 s l) %\} gﬂ&o/ 0.619
2410% % () - EEABEEENN 43 1006 981 () - ER" ' }_.Ez__‘l.D.AL&J’ W =NE L ok dy AN
() - E3" 109 %& |4 dditye1 00 o&' |( ) - EEEEEEEF] Fhl . 43" 10% 9% () - E32%)og ok O)88%h H' 3"
10%9%& () - E3110%%& () - E3"|10% % ()-Ef' H'! F, F- F§F>FHFI FJFeG| 43" 10%%& |() - E
H' 3" 10% % ()-E3" 10% Y& ()| E3" 10% & [)- E H 3" 1% Y& () - EJFKFLFNE FgFT|F{ FFv

e

U53" 1D( #1098 85 4T DoV (=% 9&I0%BR ()= F T09%& ()~ 450 50

& 10984 () - 1qeH0e s e rrrrFRrabrXCHEOME () =BORIRaRE ORI 1O - X
#1096&' () - D(# ! 0o BES Frp @@%@e@ £ ) - D(#
10988 ()-' ' #I & () - D 100488 () - Df #1098R () - LY "
) - D(#10%& ()|lmreXddes’ () -| ' #D(EL0%B8, Q- DOX1004& () - DBZROYSE () LOBRISGGE M

LD(#1098& () [Pl 10agwegle O #L0ME’ () - | #D( §109%4 ()- D(S#ito ' () - DEZIBEBE ()
- GGGGGEGGIHLD( 5 s

#G-|H|'|3H7|'UH6E4N1'"M‘7$&B(#T69;$-&'—E)—W
(#109%&' () - JHi< 'IL#“jL!'ILIrI_I PODH10:
$& () - D(#lO%B& ()-

E%

#HHHHHHHHeG+D(#10‘V$& ()- #D(#lO%S& () D(#lO%B& () D( #1
098& ()- ("' #D(#109$& () - HHHHH IzIeD+D(#10‘V$& () 9!'109%& ()- o

F1096&' () - D( #lroskb8iesy rdspd:/::tsﬂ)(th#lmmic(n) repesartdRacticat pnd @merdiallyryigmiboent
.mLO%BE& () - )1098& ()- ' mO%& ()- 3%0u& ()- 3#3 109& ()- f 109& ()-
K_KKLI LILKLLL WhprokbihBltovefdRPrivrla&. () - 10$10$10$ 610%B& ()- 4 10%B& ()- 2

5 Although the invention has been described with reference to specific examples it
will be appreciated to those skilled in the art that the invention may be embodied in

many other forms.
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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 laury! 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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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 thereafier adding a cementitious binder.
23. A method according to claim 22, wherein the mix consists of:
1 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.
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