; OPQRe3e44<v6Th{w0 001 61519 TI TLE: CONCRETE FORMULATI ON FI ELD OF THE

| NVENTI ON- PCTI AUOO/ 00301 ' 1GGLGG' The present invention relates to

| i ghttwei ght concretes and particularly but not only to |Iightweight
concret es T80Y5&% as core infill for sandwich panel walli ng?CUA%.OQ/?@m

~CKkOLivID OF Tip Lv'v'r,iv-~"10 ~" The technol ogy inv, i n produci ng and
punpi ng |ightweight concrete is well knowhn-in the pri’m ,m@ mu" Imw an
general ly be achieved using two types of density nodi " y foam and

| i ght wei ght @g@@g@wcﬁ?womm%ﬁdﬁ made by i ntrodugwg a

wat er - based, gas-filled foaminto a o paste that is tElm B@'wﬂ formed with
wat er and Po C r Portland cenment w ﬂm)m ght wei ght
aggr egat e. Tﬁgﬁgg)r%ﬁgﬁw&ﬁdevel oped by addi ng ‘M “ ’ ‘ ting

chem cal to the Portland cement paste, or by mxing a prefgfned, water
based foaminto Thepwsenimvepuen wlates wdlgheveight abensitesandalanieul @D0bwgion8. The
| atter nmethod requires that Portland cenent be mxed with a pre-formed ~ 5

aqueous faanmvilpas Lightweigd d6@detds fotGis@as IO RIMI fr shRAMCAPard&Milinguch as a
hydr ol ysed protein. This approach requires a foam generator on site to nake

the foam Cogrect [ -fream-t 0.-ceNGrete, particularly at the job site,
are difficul %mt d\%%h\gl?rﬁjlﬁrgmd\h‘ﬁ%ty can lead to the possibility of

non-uniformty of the final. foaned concrete produced., as well as variable
mx quality, pun%g%chp?‘ﬂ}?g%wviﬂdggb‘? P Wm%nciaampmﬁ Lghtigieaherngeqtes Weli cs.
The problens are exacerbated by the fact that the foam begins to collapse
from t he nonmemewi in ths pfior amdltsamgenariity Heoanmaved msingseioftyprsmddansing.

ti gt hwei ght agarenate concrete, made by m xing |ightwei ght aggregate such

s expanded pRIdYESrY, mARRLY ol dnti@ichRteiYIRrdgbfdhiet € t ogether with a nortar is
mainly targeted WD 00161519 -2 PCT/ AUOO/ 00301 at applications with

concrete density %ggde Qeg{g% L lﬁ% i et hovaye 1 Xi ng
the cenentiti oung ur rglc;lnag ° heéqéibdjk??é\réélhgch gt%g"é}eggﬂgggd’ ug\@%e?dtaglhg.‘et%y of
the aggregate to clog and segregate because of its inherent conposition and
| ow speci B ¢ PgRatet ysgfypw by fogme @ﬂ@d@tifcﬂnéﬁ’gﬂlm ceppent algng Pé%%“ngﬂﬁﬁ%w it
may be necessary to increase the water content in the mx to overcone
friction in whe piipedightieight negrdgate.o They fpravsttetirhes dexplapdtbyckddangch gdsoggi ng
probl ens associated with |ightwei ght aggregate concrete production.
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/ma.
The latter method requires that Portland cement be mixed with a pre-formed
15 aqueous foam that is produced using a commmercial 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



Such |ightweight concretes ie. foanmed concrete and |ightwei ght aggregate to
concrete have been used as core infill for sandw ch panel walli ng but are
subj ect to certain difficulties. Foanmed concrete exhibits a hi

hydr ost at V& Y%%ure during core filling which sonetines néE@@gUP%W%@ t he
use of structural formwork bracing during core-filling of sandwi ch walls.
The m x nmay al so col | apse heavily during-punping and pouring from~ 5 the
top of the wall height down into the wall cavity. As far as |ightweight
aggregate c , [) i 5 a1 hi nsity of
1000 Kg/ 8 %?g%ﬁfc?itlbésv\ﬁ%g&{&&g ljitefsi§£ eaBtoﬁéllr)]bo Rgﬁﬂ bﬂﬁ?ﬁmsbzfrltsea}fo V3t i

| i ght wei ght aggregate concrete. To hieve this, up to nB of bul k

| i ght wei ght TGHIESG8CEMGHILAYS SPEFY dn% ﬂhﬁwekgiiltsaaﬁé@a@diu@éhaoténqi%moé&eat ed
in the.mx. This leads 20 to dlfflcultles in the coatabiliry of Iightweight
aggr egat es dgeregatettheldgrmdistgregatatbenmrse af ity olherent poepesitomimdclowcspesgiguent | y
results in poor mx honogeneity and insufficient bond betwen the m x

constit uent Sravity O 001 61519 -3 PCT/ AUOO/ 00301 The i ncl usion of
air-entraining agents (AEAs) to inprove freeze/thaM/durabiIity, aid

punpabi lity, |np;ove Wor ka |I|t and | ower the ARY of concret e

| ong been pract i cedan ih l%ac’rstw Or}&f—f&” Hun‘ 5& lqr%‘:’lly quc“ssaré/c?fl?céféi‘sf%l
range between ~%to 9%air volune in the mx, vvlth air content limt set to
a maxi mum ofVEousmeIASTII ik T ogerepme fRElqiNehs PRRghdistterds 1o RRSraete she
normal |y avoi ded especially in punped concrete, for a range of reasons

i ncludi ng: deglepgtiguani cioggingd pgiblsmansseaated avided gitoveighe bggregdnecanaretbubbl es
tend to break upon inpact with the pipe walls, joints elbows, forns, and

t he Iike whigBqal&Reds to variable air contents in the placed concrete; 10

t he punpi ng stroke can be absorbed by the conpressible air enclosed by the

i peline, |eadi : ' h f
Gur i ng pupi ng. W HBHTRR stk U PR SRR eblisle e AR and make

it nore difficult to place; excessive air in the m x can cause the placed
wet concrh®t éopéreé%hﬂi‘@ﬁ@éﬂ gird asgormmbiisfor pradafch pegel grallingduapie.sphieat By st em
and highly air entrained concrete can |lead to excessive reduction in the
strengt h of depirhdiffianss. product. It is an object of the present invention
to overcome or aneliorate one or nore of the disadvantages of the prior
art, or at |eastpiondf Qhbde &HOAEhigh Ayhdbstisieipibssdt dihg tBRIAIMEe 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
I5 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/m3 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.



WD 00/ 61519 -4 DI SCLOSURE OF THE | NVENTI ON PCTI AU0O0/ 00301 Accordingly, in a
first aspect, the invention provides an additive for preparing |ightweight
concrete, said additive including a blend of around 40 to 99% of organic
pol ymeri cVH&PEH5181 and from 1 to around 60% of an air entr&CAIAPAEIAt. 5
L~ anot her aspect the invention conprises a |ightweight concrete

formul ation including one part of cenentijious binder, 0.~ to around 1.~
parts by volume of inert filler, 2 to around 6 parts by vol une of

| i ght wei ght agg g - I it ' [ : to
around 2% by werlglg?ﬁ Cglfspﬁ%fpag%%?lﬁ/le}é% %gtsgg'gﬁ%?\;ﬁneﬁﬁaér})gév{ge%ﬁ@%?gg’r{}gm n of

| i ght wei ght concrete m x cont ai r](lﬁgqt o preferably up to around 60%

entrai ned aPid RHSIRAVEILY | AP YS WORREI Y rRfiddpwenihg deBHbarifonerstaiss dossbosand
around ~0 % entrained air volume. This ultra high content is not normally
used i n conpratieedinxbs aluéhe A HAdosk Whs perntajlyispecifind roofahgmpetivieen fivaxto 9%tich a
high air entrainment |evel nornmally also provides difficulties in

wor kabi |'i tY airGONGhS oA Ynik NvillE BF doYitedl AnfieRERNCHaknGR bl aPRey RETH4 cul arly
if punped vertically or at |5 high pressures. The concrete produced from

t he abovenentjoned cenent. forpul ation. may range in density up to
1200Kkg/ 1B, Hoveyer CTERE HABTOUSY AT ot ABIFT § B 501 8a By PAE B Eng

additive allows the production of  a |ightweight concrete with a density

wel | bel ow fOREeRgfoFa ratge ATERSEED NGB Wi t h | ess | i ght wei ght aggr egat e

vol une than in canventional 30 m xes of conparable density. By way of
conpari son, in ceengphodingenttighlyeiunsetrahed trmctrtenbe aidtubblestechds adeblowed t he
(pol ystyrene bulk volume in a 1 nB of mx to be reduced fromaround 1 m to
a

round 0.7 t@ofi8p&t TRihshé ?fﬂé@él&?icﬁh@@ll{cﬂ@%&ﬁs! Fhdogt 1iRE whdt1akislbry of
t he pol ystyrene aggregate (i.e. helps ensure that the entire surface of

each WO 0Q/a%@%%irpcg{c@gqoék%gglg&idéonlg?et%% is.covered), inproved m X

wor kabi lity, i nprov et ween e |lightweight nortar conponent and
t he pol ystyrene conponent in the mx. In one preferred formof the

i nventi of " the IthPYmBINGtrokosaty & BPsersdiyehe Bympessyiblerdtenslossfibudgi ti ve
may be used as core infill in sandwich walling applications .vtthout the
need for i ntpepaime, leadiegver mahpmglaidtiepn oc forrnwork bracing. It al so

enabl es the use of nail-fixing of fibre reinforced cenent facing sheet onto

the steel fram ng. PBADRESbiN H0Mce @XELSS HienDOWhPiglg Wil BRI Yo ffeflivRhedsabl v,
the proportion of organic polyneric material 1n thé additive is
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 1instability 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.



bet ween 60 and around ~90% and nore preferably between 70 and around 85%
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 ¥PWYEEric materials may be used in the blend. PR{EAEHIPEhe
organic polymer will conprise one or nore thixotropic agents which either

di ssolve in water or which at |east formgol |l oidal dispersions in the
presence of ~ 5 vvater to produce an increase in viscosity. Suitable organic

pol yneric derivatives such as

hydroxymatgﬁt I"u o%%@w rEg@y\}e ? cel l ul ose or hydroxy propyl nethyl

cel | ul ose; polysaccharldes ch as starches or vglnate and synthetic

hydr ophi | i ¢ pol YHEPEIBgY 1 SYRPPES SGARVeRLOHBIY SRR 24 YRAPT PISBITYRE hyl ene

oxi de or pol ypropyl ene oxi de 20 Any suitable air entraining agents may be
used. The t dghmvadighterhc@iensaid adderne indddnsa dblend of hsoad d0tto $8%agfcoanic
(surfactants) which act to entrain air in the conposition as it is m ned

with water aodiOouaRad S #6A0 © R Aihir agenkglpckude one or VIO

00/ 61519 P U00/ 00301 -6 nore nonionic, cationic and anronic surfact ants
such as sod| um sal t s, of alé) a.olei~n sul Bhonat es agld sodi.um aur suI phat e
or sul phonate. ThE"3ddi TFVe" iy  be i x8d WThH Fange TRt i tious
bi nders which include all inorganic materials conpr|5|ng co unds of
cal cium al mpﬁmmﬂe@mpésﬁne@tw@@ QU e ndshp PR bmggwee@éhp@‘ft
hydraulic act: vit;: i::. s;,t solid and hard in the presence of water.

Vel | known (fﬂkm,raﬁb zﬁbuﬁché party/pe volpedeuddighmveigin aPorethtempdr pamentvsjureast
setting or extra fast setting, sulphate resisting cenents, nodified

cements, al WghaG6RBMRhSer ARl t@'a%ﬂnﬂ@ws’}m@ltgﬁt oP@ale%HHfT‘v@' unmi nate cements
and cenents mhlch contaln secondary conponents such as fly ash, pozzol ana

and the |iKke. 10." ntitious of her .wel |l known ¢
bi nders such as C@éthve Ongqg? 8‘0‘%‘&’ }‘t"g%esgkt‘t cé’P% ? W’i%o%ﬁnigand (
cenent. Suitable I| ght wei ght gregates_are also well known in _the art.

They i nc|l%dé>rafer%hhzgépécf arﬁamhé%‘? o env@ingd girryetume. | gt FRnCEgg ey seEaNs uch
as perlite, vermculite and expanded pol ystyrene. The expanded pol ystyrene
may be in thetivesmn23%h ahdhionhd B62dentrdineat Vdtmeo Thieeltraihigdecqpaeidtiche&s. The
l'i ghtwei ght concrete may al so include between 50 and 100% by wei ght of the

cementi ti ous, ARG m%n!:x‘%?é'ﬁmgz‘% a2k to/ihB diffiaate @o‘ﬂﬁrollﬁloﬂﬁé Hligukadiea form
or an inert particuiate material. The term"inért particul ate material"”

indicates a. material bein ert th regard to ts of the
conposi ti on, MR \%Iﬁémﬁmﬁgﬁg‘etvgl W‘Ql@fdsﬂ? %8 dffﬁ'gupieéﬁ? "B‘gaﬁeﬂaggr egate and
|l ess than ~ nmin size. The preferred inert particulate material is natural
masonry sandcOTSIFIeRCy i ensity 8¢ &ndengyHe cpllapse martiqwaht if oHPed vrakally ohit hod
of constructing a

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
additive allows the production of a lightweight concrete with a density well below 1000
kg/m’ eg. 450-650 kg/m3 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 im’ of mix to be reduced
from around 1m’ to0 around 0.7 t0 0.8m’ This reduction also results in better

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



wal | conprising the steps of providing a frame having a plurality of
substantially WO 00/ G1519 PCT/ AU00100301 paral lel nutual ly spaced apart
frame nenbers, attaching facing sheets to said frane and filling the cavity
fornmed betV@8HS1SA d f aci ng sheets with a |ightwei ght concr e‘tCeT/‘*gh%O(’f’m

| i ghtwei ght concrete conprising a cenentitious binder, a |ightweight
aggregate and up to 2% of an additive conprising a bl end of 40-99% of
organic polyneric material or 5 conbination tilereot and 1-60% of air

entrai rung Sl ] t i on

rovi des o ReRREF SRR Srptona B BLAREOTEly gl Bl SRR el R
conprising the steps of firstly mxing the add|t|ve 4 with water to form an
aqueous sol digheis @E@ﬁ@?”&@&FW&“éiWRJW‘SB? GRMpPRHE Ihd§MiYat e to the
aqueous solution and thereafter addi ng cenentitious binder. Further
unexpect ed beneflntone ardfseedpformi of uheaimb yntwnethe pahywtighecmciese proddeeishya

| i ght wei ght aggregate filler material. There is a known problemw th

pol ystyrene \isthd ik $inQRHEN e rdd? Hehakd hd€ork DEHIVIdUaEwRANIGhE Sp1RAHo1 O
devel op el ectrostatic surface Ch ar ges This causes the aggregates to clu

together and floa tothet LN situ, eivin |set .
di stributi onm%ourt% owes &F 18 léfjr?rﬂagt raI' ntm Py O TR O gré’f:’fﬁlét %?ﬁ%oﬁd t he

intended effect. In order to overcaonme this problem it is usuaIIy necessary
to pretreat the aseye sk res of Gsrewdreed famest évaln& ghegentp e el fI3EHAE Thi s
requi res additional chem cals, a separate process step, and often a
subsequent dnyxiansmiﬁmasexcassiwatbdwing-lombMeroutt he applicant has found that by
use of the above defined additive, this problem of clunping can be avoi ded.

In this regard, pjg a [ hi Yopb ok ke pdTy Keflc ich o Bl ab@icfern an
aqueous' sol ution, and the polystyrene is then added to this solution.

Unexpectedly, .this_has be nd,to _ne $€ t he surf.ace e on the
Lnexpect ol o el B DS R SR V5 ARSI
required The solid corrponents are then added to the mx as_a final step. By
obvi ati nd%t he nelufarghly here ixpeppgesifgndgroundHOkb0b HEERDMimERRg agwt in the
pretreatment process for the pol ystyrene aggregates, substantial materi al

cost savi ngsbiand amd mdtecpreferabdf bétoicem20 asd wanndd0¥eal i sed. Anot her advant age
arising fromthe present invention when used in conjunction with

pol ystyrene | i ghiwebfianSO8H &@a1E pbignichie nRRsHhLS Ha§ M hlePRIMEBRNENE

pol ystyrene 5 aciii concrete. For reasons that are not ei, ure~y understood
t he pol ystyr es, hot noar it Qus. binder. It
e P o GRS, SRR X MRURL o B SERELLL LGS, Bt

pol ystyrene a%wéegate Not w shi ng to be bound by any particul ar theory,

t he appl i cantilifadissolypén VAT oy whichAL lepE falalaF@ltwéalcfhrnerré%rlsaaé%prare@e of

15 water to produce an increase in viscosity. Suitable organic polymeric materials include
cellulose derivatives such as hydroxymethylcellulose, hydroxyethy!l 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 1s mixed with water and/or pumped Swuitable air entraining agents include one or



i ncreases the bond strength between the polystyrene aggregate and the
surrounding t cenentitious binder. This nay be due to the polystyrene
aggregate be| ng rendered hydrophilic or other nechani snms which cannot at
this timW 8‘P % analysed. In any event, as wll be di scu8SEeUSBMOENIt here
is a substantl al inprovenent in the bond strength bet ween the pol ystyrene

| i ght wei ght aggregate and surrounding cemgntitious material. 15 Unless the
context clearly requires otherw se, throughout the descri pti on and the
clainms. the , '

construed |neﬁglr\e%oﬁ"?@@g#l\gfgcggdg&mw @%atatrst%g%é%%g?ci}{émos? Sex Porn%glegnsense
that is to sa in the sense of P "includin but not limted to". BEST
MODE FOR CAR‘??%FPWGE‘@IPHEYF@‘FWEWF gniphFe gpsulphanaithe present invention my be
nore clearly understood it will now be described with reference to the

fol |l owi ng exanpl Ese addivV® 106y 64 5ilifed@TthAUNGdXA8Hd of Berkxtitiplue bind3rsdelsich i bes
various m xtures of |ightweight concrete usi ng pol ystyrene aggregate,
perlite and Mleru@ttcauhht@aa@ b IV EPtisi RO SE R sT¢aRARY ARHinfhH, ﬁﬁgbrf‘
fillers. Exarrp e 1. Use of EPS as |ightwei gh aggregate and sand as | er.
Al ~lex W Lents CY Dr "

* kgSand40Kg g\cﬂ:ﬁgt“i}g@ﬁém g‘érr”éﬁta%{e“%bo?"%%tu. dflbufil? Fatft gf%ﬁxﬁ%ag nfhg res W
ater3 5 ~litres Blend: Air _Entrainer (Anionic Surfactant) O ganic polyner
0.1 % 0. 3% BRpsspce obtvatesniVall kagwipemests elcs iy PO rcte;ﬁoafmwrg@rﬁlaﬁdwmk | m
Yield of fresh m x250litres % Entrai ned A r30% Exanple 2: Use of

pol ystyr ene esndrtgifhssehg oaggeefzat etdny] sdlbyata sésistirgaoetheas, friokdifesd. cemeltsy

| ngredl ent sQuanti t yUnuCenent 30kg Sand20kj Fly Ash43kg Pol ystyrene Aggregate

50% sol i d/ bikifAtdRdnts, Aie Alhm@S cem¥ndl e41dahd 1L8En AL €Bents and cements

which contain secondary components such as fly ash, pozzolana and the like. The term {
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



Air Entrainer (Anionic Surfactant) Organic polymer . 0.1 %0.3%by w. of
cement by wt. of cenment Density of fresh m x500kg/m Yield of fresh
m x280litres % Entrained Air30% wo ooislsl9 - 10 Exanple 3: Use of

Perlite a¥0lop/ghidei ght aggregate. PCTi AUOOt 00301 M x PCT/AU00/00301
I ngredi entsQuantityUnit Cenent40kg Sand40kg Perlite (50% sol i d/bul k
ratio)40 ~litress ";v':a~r ~30 ~ -- 7. _litres yBlend -V

~~ Air Entrainer (Anionic Surfactant) Organic polymer . ~ _ 0. 3%

0. 3% by wei ght,, of cenent by, wei ght of cenent nsity. of fresh 700kg/ m
Viold ot 1 rRe SRR e A BT B AP SO eSS TS 1. 3
The m xes prepared according to those recipes were punped into the cavities
of a 5 nunband liing ithy eavitg iformpdcatweemsand facingadestanditl & ghiseight comaee the x
2400 mm x 75 mmin size. Upon observation, it was found that the m xes

were:  Punpladii@eight Boncidle €bapabiAg aQferrlehfifo@ bisdd! £ dahiveig@bgdfefard@std up
observed. Stable, i.e. the air-entrained mx sustained i1ts level in the

wal | cavit yto%/%l o(f’ lmq 2B8kivE 9$r{1§19§iﬁg a blend of 40-99% of organic polymeric material or

5 combination thereof and 1-60% of air entraining agents.

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 preweat 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



| o The YIELD of the fresh m x nmeans the volunme of the m x produced in one
batch. It-is inportant that this yield is nmaintained after punping and

pl aci hg of the concrete, which indicates the stability of the mix. The
density ofQMBIERESH ni x means the density of the concrete Bef/gt80/8BPt | ng,
which is the one nost critical to the application of wall core filling.
Exanples 1 and ' _" Air Entrainer sodiumlguryl sul phate wo ool 6zsr9
Organi c Polyner Exanple 3: Air Entrainer Organic Polynmer 5 hydroxypropyl

met hyl cel | ul M/ i Lne i roxyoropyl methylcellul ose. .

PCTI AUDOL0030E RS e s For oKl A &Y s BB BRis i o08 s
to produce a lightweight aggregate concrete, the resultant m x has simlar
punpabi | i t y SBEREDRRhPEugtion effiCiencieg cirhg reglised- conventi onal | i ght wei ght
aggregate m x. Exanple 4 bel ow conpares the punpability perfornmance of two
| i ght wei ght 20 'Amthemcivettegeraxesg frometheiptdsemdiinvesion avhenened anchbnjpuretion

w thout, containing a simlar volunme of polystyrene aggregate. Sixteen

bat ches of e»aaghpm&gwqum?ggﬁ%gr m_oae%et%ntdQereﬁgtﬁ'bew&arth@f;&y)gg%efor

core-filling of sandwi ch walls Iined with FRC facinhg. The two n xés were
run back-t o-back

; to mmnimse S|t equi pment and h ninterference with
the core 114G v % BroNBLH T 1 AR e SHaR TSt LERSCHPE FI4Im8h r at es
corresponding to ! 5 each mx. taken as core-filled area (m) divided by
punpi ng ti mermaly bopgmellowipaceprriitions sk 14 is mypgraes that fhipapy be gantoe of
| i ght wei ght aggregate (polystyrene) concrete with and w t hout
ai r - ent r ai nne@hydrabhobik mgturedf tntpoNatyrédicaggrigatei Nl visinvg nd bobailnd by any
M xAi r-entrai ned uhxM X DESI GN Cenent ~0 k~~0. k~ Sand90 kg4~ kg Pol ~~styrene

Aggregatel 5 ér@iétﬁﬁstﬁgé}x:, {htera‘f;?lié%tt 8h3fuhll a8 ot thd h&Stive ¥RRY/ BLod Aso 12
PCT/ AU0O/ 00301 Bl end r Entrainer (.Anionic Surfactant)nil0.1% by wt. of

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.

135 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.



cenent Organi ¢ polynmer (Cellulose ether) nil0.3%by w. of cenent %
Entrained Air (calculated fromyield and density neasurenents) 2% 25% %

Pol ystyrene aggregate (calculated TTn; T, yl~[C] |ild n.» SItV
LTI c: 331:WO-09/61519j | CS) ~ L 41% | . 47% . PCT/AU00/0030T
i“~ile~livtl J 1 :=Si 1lui~ Density of fresh m x1075 kg/ m S25 kg/ m

Y| eld of fresh mixI 70 litres240 litres Moxi ng/ punping time ( 16 batches) 100
m nut es75 m nutesON THE 8 FLOCR Den5| ty of fresh m x1100 kg/ nb75 kg/ m Loss
inyield . ' ~200% 6.4m [ hr Clearly better
ni X punpabi | | tyE/ %tleﬂg?sfﬁﬂ? ‘ﬁaé Oﬁgf%gm °tf§1%"reéﬁ‘a‘ FGRe Pll{fglgi n the mx
which led to reduced friction in the pipes. Al so, |less clogging of the

pi pes will BEyEXpaciasasede.cqesliteang wpmvél@eﬁfkghwm@@r@@gtegate@edﬁmd and fly
coatability of beads and its segregation-free characteristic. The

appl i cant s dsava filimand t hat the |ightwei ght aggregate concrete resulting
fromuse of the blend additive provides not only substantially | ower

density butEf@ ?ﬂeels Use O?QPS‘%@ lig){gﬁe‘?gﬁt%%in‘éoﬁé%ﬁégér‘f‘d ahgydynam ¢ thrust

during core: I ng. E~~ bow ng conparison in
core-fille 1m1+° rm,—twe m,\ s—showr—-n—exarpte—4were—purped—i-pto-a—400
mm wi de, 2 MHWW%@ | _cavity QEH¥He centr alv def | (:(;'f {aon (Ea\/\,{ ng) on e
6 mm fibrel tefCAMsSAted cenent (BR® facing sheet duri rllf@ the core filli ng was
measur ed us# n§ahd near Vol t age DléthI acenent Transducerkg (LVD Ts). They are
shown in }\)e PaBRl8 BRl OYbregdie @ ON 17 ~~--~~t~ ~e~d - 13 Li ght wer ght
V\Clglnf:rggge DEH%%WB I%E(?\ 0 nnidoom W?LlL bz’aLsgDeer tlin‘é@ ul 690£m nllrgm

JITV /\tl' UU TIL 11O, O Illlﬁﬂl IILI(J.I IICU JUU N\
h Xx1.7 nmmil W} Xi;r om.t hp rinf | At-s—ou tlrﬁi’eﬁnd Mbe
seen t hat neBéﬁr}d entrai ned 500 kgJrn3 densi!y m x gnabl es around a 50%
reduction [ n ¥HeEboaineg(Agfonic 14C 5 faci ng when used |as core nfill in lied
of the conventSuofaalani)000 kg/ m- {d&h%i ty mi x. Exam | p |&yGvt. Byceamdnt t hr ust
conpari sonj i n Grgagicipblyngd wai | sl 0.3 two mi xes shown bynwvexsbegrhent4 wer e
punped i nt 028 FEIG BT BbdiGn2- & 500 Ke/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 Quantiry Unt
e Cement 30 kg
e Sand 20 kg
e Fly Ash 45 kg
s Polystyrene Aggregate 225 litres
(50% solid/bulk ratio)
e Water 45 litres
e Blend:
Air Entrainer (Anionic .
Surfactant) 0.1% by wt. of cement
Organic polymer 0.3% by wt. of cement
» Density of fresh mix 500 kg/m”
* Yield of fresh mix 280 litres
« % Entrained Air 30%




high wall cavity, and the dynam c response (thrust) during core filling was
nmeasur ed using an accel eroneter- nounted near the wail base (Figures 1 & 2
belo~u) ‘It can be 10 seen that the |ightweight concrete (air-entrained)

m x exhi BYO&H6Ynificantly | ess dynam c thrust conpared WPCH/A/00301

conventi onal
2 -3.000 Sanpl e:

YL

.-...V n -

air-entrai

" 4r, "l ta, Q0 -

pol ystyrene aggregate non-air-entrai ned m Xx.
100HZ Trlg: Free Zoom. py.1.0 ~ocm~ x0.7 Vu.
, un nnn40_0D0O
kg/ 8 densi
-3.0D0 Zop

t5 Figure 1 Dynam c response of conventi onal

Edle T I ryse 3 el sgafaat; o r

~Q D0~0~ a Figure 2

Menory 2 3.000
1. , ~~I'T
mx -
-14 MmaryY 1 3. 000 AZ
reQr

nanm ¢ response of

Aég Ingredien500 kg/ m-

Héhaintiy The reduced h

Hnéist at i c pressure

exenplifiegd iCentepanpl e 6 has s

gai fi cant advant ages

kyer the prior art.
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enabl es elfi
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.mg&ggl on of the nee
V ULIL LIIU VVd.T

efiahor exter nal~ T or Moy o]

Kgb pr acil ng [O Confr
anmet—t+Ht—atso—enab

L.KUI IT
H? %U; relnforced

constructijo may be used to fix the
cenment f adi r{%b% S/h“ﬂ( 8) frame rather than screw fixing.  Reduced
hydrost atilc pressure and dynami @0t hrust during corel #i¥F1ing al so_enabl es

t he use of
requi r emen

stiffness/torsional
bect ed benefits have

J iBlehdr gauge steel
t's. AA BrwabRF (Adiofiche

frarrung due to | ess
surprising and unex

been foung tosdkRwnky om the pregeng i nvention incl ualbpgvel1 g3\ hent
homogenel by obedalft doiibd ant |} ghiopel oht aggregat e PeDGelif-or et
| i ght wei gh e T B2nsics of Frech i Ak ﬁe. —tevetaes; oc,kgﬁna;t—‘i’—eﬁ—f—ﬁee———
4 » Yield of fresh mix 160 ‘ Titres

e % Entrained Air 50%

Comments on Examples 1-3

The mixes prepared according to those recipes were pumped mnto 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, 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.
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.

13 Examples 1 and 2

Air Entrainer sodium lauryl sulphate



and can be uscd to fill, for exanple, the cavity in a sandwi ch wall w thout
the need to consolidate the mx by internal vibration or external tapping.
WO 001 615 -'1~ Exanple 7: Mdisture retention conparison. PCTI AUOO/ 00301
The two m'Xe¥§3Bwn in exanple 4 were poured into 2400 nm XX $BHBOMEU 75
nrn walls constrscted using studs of the sanme gauge at the sanme pitch and
allowed to 5 cure at anbient conditions-for two weeks. The walls were then
transferred to a drying cell where they were subjected to 20 cycles of 360

m nut e durationow i p?z]g,ltne; he tmi?%gp%g?litlﬁg%lyk@ﬁggs ture and the ot her

hal f at 45C. Thi s™was | owed 10 cycles of 60 m nutes of
heating at 70C and | ‘mnutes at anbient tenperature. After the drying
exposure, core ‘'were taken and the noisture content of each wall was
determned at a simlar location in each wall. The results of the noisture

anal ysi s reveal édr Ettzstinarhe | i ght™igigmingdhddet e (air entrai ned) mix
retained 9.38% noi sture conpared to 5.13% noi sture in the conventi onal

pol ystyrene aggoegatiePsiomeal I enlytrixppkpy meth¥lelulolei cat es that, even
after severe prolonged drying, the |lightweight mx according to'this
invention exhibits water retention capability up to al nost double the

noi sture retained in the conventional nezx. Fromthe above, it can be seen
that the |ightweight concrete njx exhibits syperior water retention
capability conp\é\ﬁ-héépwctaﬂt@érﬂ}‘é‘ﬁ‘ih%‘é{ en %%ﬁﬂéi%ﬁtt”@ﬁﬁpﬁt@%@p@)ﬁe @oncrete.
This limts the volune of water |iberated by the mx wthin the wall
cavity, 2o tligbtweigmgggmgatedomzeteybt résutjantfmixias timila pugipabdity petforaraent
f-aci ng sheets. Consequently, the facing sheets suffer |ess degradation in

% hei r st r uctaat o OfRREhii®Rl ngwaglﬁﬁg@@gatehhﬁi r stiffness and screw
hol di n" capacity are nmaintained, |eading to | ess bow ne and bl ow out during

core filling. AIEs.(%%lpgq BlioShEH §reh%%rg%4b§?§§%§ggﬁme@mo Hé%(?@mlﬁg

PCTI AUOO/ 00301 - progressive s eet as t dries.
This causes less strain (less.openin at the jointed gaps between the
sheet s. Wnotcﬁ’écr’e‘Gth“éésernéf’“ r?ér%‘ﬁr@%‘?g“éﬁnﬁlﬂ‘b?ﬁl\‘fgﬂ%vﬁ?régm SRR VIEMEN e
core mx is the reduced j oint degradation due to the reduced vol une of
excess free ofpblstycariaggregatomShctednebatihes afcactithifusém graduced gpuntpied t¢ thei nt s.
Thi s enabl es better adhesion of the base conpound and | ess danage to and
distortion @ maRrand Ledtbi Sl eXdaaadisaoviRiinRawigdFRCENding aThogyvsheet s.

Al so, drier joints enable, quicker and earlier jointing of walls on i
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
» Polvstyrene Aggregate 150 litres 200 litres

e Water 37 litres 35 litres




site and reduced degradation fromany al kali dissolved in the cenment water
perneating into the jointing zone. Exanple 8: Bond strength conparison. The
wal | s subj ected to drying in exanple 7 were tested for bond strength

bet ween th@”be?@ reinforced cenent facing sheets and the t®eT/HiUeEe030
outlined in exanple 4. This was achi eved by applying a tensile force to the
FRC/ core interface at different wall 15.fzvels along its height. The
results are shown in the table bel ow Test IocationBond Stress (NPa)anng

wal | hei ght© UUB‘[‘Q{{ tromatFar ure—ModeArr=enty 1||eun—ou tore—iv uov.—:lJ% \5’ r\g{ S

m x500 kg/m 00 12Adhgsive0. 14Cohejsi ve900
nmo. 07Adhes|_\/_é5 Wt%m{\{}whh urfaAfad Adhesh veQ_08Cahesi ved f8FEN

nD. 00Adhelsi vERETeNEEyEalkulesgretis) seen fhat. upon cycl i|@-Bpepyri: of he
air-entraijned m x exhi bited | ess degradatipml m bond strengtchmeotnpar ed wi t/h
t he convent s onainddight Mei(ghtuldied.frdth yedd 30 al so be noted|that the two
m xes exhi pi t@,m dyng;d, p&g&&egbfltfserent fal I ur@/om)des The \A@J/QOI 61519

PCT/ AUOQ/ 0P; Lvldggbnrlegy[g (cz#lc':ﬁ‘lafe? redrn—am—adhestve*—manmer—i— by
separation CTrom or,e,/al ong their gg/erface The
air-entrai nedTTPﬁ“ el LB hef iﬁarf’d”“[im_eﬁ 1n .a "cohesivé’ manner i _@.

t he FRC/ cort erllml%ﬂﬂf(aee ﬁﬂeh%\r ned bonded and]the failure ocgurred in the
core. 5 Frpm Dhssigbaffesshintixcan be seen t hat 1¢Heké/mght wei ght32aike/mtcor di ng

to _the pr esentyidlAveRksOmiexhi bi ts superior] aghggeon to the Faobiesr el nf or ded
faci ng shef Syl i@ aoeY16 bt REGTPOST | BOCRIRIRLT O ] 75 minures
SheetlconC'a = o> Hpr-ovea A—teaas—to6— ApTr-ovetret t+—r—the—overath|
/perfor mance IFI'EP an]‘pq)Rc of the sandw.ch walil '[hl s—i-s-igui-te S pri-si-Ag
ince ther &*whSNHBt i FPhBXsuspect. that thel ikeMe or prlovsde/mor
produci ng {meLbsghtyagidght concrete formul af 2¥n woul d exhi Hi%%such superi dr

adhesi on. |& wdll cdre-fitlimadatd 0 persons skil|gglgnt/irhe art t{lpst4mUen (
"cohesive" Tarture 1s a substantial I nprovenment over and above conventional
t echni ques. Exa oL RULL; R, ubi. .ect ed
to drying in exgj?é lggnfn\ﬁgrr%g W&%h&le lfl%el r nlé.?lrg %sflon-gFﬁ‘ ‘lf gwelﬁ
capaci ties. Anchor hol es were dr| | l.ed, apnd two of anchors were

i nserted i ntolk whichdedigdedursddrchgn ﬁ‘ptBF PiPAY éisoa?esélcggggfqgaqfstp%p{pﬁgwbl}ﬂ t
head until a peak | oad was reached defining anchor yielding. The results
are shown i tretehperieabéddiratb ompréed mixutomagznei{KNeRertmtabijpyatbradsrandosal 1

| 00 kg/mM m xAir-entrained Q00 kg/nB m xH LTI HG ~i 12 (~10 nm Bol t

si ze) 2. 110. ddikbfaribn-fdR 1tk r{sti6. "m Bol t size)0.901.30 30 WD 00/61519 -18

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.

S
o «‘-’ ., B -,
0 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

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

Titep on I2MARCH 2862



PCTI AU0O0100301 It can be seen that when an anchor intended for conventi onal
i ~htwei ent concrete was used, i.e, the HLTI HGN 12, the air-entrai ned m x
exhi‘bited 6~% | ower pull out | oad conpared with the conventional m x. Since
this anchor relies on core density to achieve its pull out |oad
characteristic, the fact that the |ightweight concrete is > %5 lower in
density translates into reduced tensile strength and consequently reduced
pull out strength. On the other hand when a cavity wal | anchor H LTI HHD

6/ 19 was used; “+rat—t —Oott retd—+etating—+te
The tvo i xed HEE pElLrauae iy the ag%ﬁfff@tfﬁé’g P <€fﬂfﬁ ng;fﬁﬁ%m ghkr
pul I out Ioadmar_ed—w_t_h_cg. 5 be
related to tht&iﬂiﬁﬂﬂ&ﬂﬁﬂgﬂ&&/ |t Pengt h |F 08 e ajr- ent raj néd M _whi ch hel ps
transfer the t%nmmnmfﬁlﬂqgéahnﬁctly tlo7 tiwme f aci ng shee¢tl,6 Mme to t he
presetting action required by the anchor prior to its being | oaded. Wen

the 1-~-1D type angh@lhd fefRblion a@amsgoﬁnmhlae@@a@cm&setwat frRdisal 'hy

onented arns that cone into contact vvlth the facing skin. I'n short,

carrying capaC| /d ha tio_of. core subst i al

Car YL g CaPACLI L S0U5) Kb A8y Oh RS LS 0. Bt b Bkt anb b Y e
concrete provide Good insul at| on_due to h| gh entrained air yolunme, but at
the sanme titre Rengwdesussdassersanil Hulgy inh%‘a’@aéfﬂtt%ﬂalr@%|krgé'ﬁe‘i‘ﬁ“§"h@éﬁed f or
hangi ng basins, cupboards, and the |like. ?0 Exanple 10: Density

Modi fication E&gmggiﬁjmumnmenhwmmsmﬁmnmbnghumeﬁghﬁ“mbmcrete with densities
of 1200ka/m and 4~Ckg/ nB are shown. Both exanpl es showed excel |l ent

di spersi on and borgheSivb @igédsheivhiin EXEnglok Yk s/ ?(ﬁilgged%ﬂrmtrﬁm wid¥\Q 9@ b1519
-19 PCT/ AU0O0/ 00301 M x Density~1200120DLitres tio by vol Rat i O by

wt . Bi nder 25333!{!&!99&9?&/‘%%0%‘%%‘69%“‘5 b&b&&%%ﬁﬁ%%%?m??o@e? luzg\@?n%asured

:~~~regn|e ~2

_____ ~: . ~~% “) 1Adgl ti ve7£% F%) ?8%\/1 X
onsi ty450450LWtEE§‘|é§f¢~ﬁaﬂet?stP“0t§F‘ RS, B} base (Figures 1 elow). Itcanbe
wt . Bi nder 108151100. 0094.0D. 00% nert Fill er 95151 87. 50%4.00. 00%°ol y
Aggr egat e94698pen tavthe lighbgeight spncaeie Gan-ooragaubmiy sopkitidisi aneasilp s 1. 31%
In all these respects, the invention represents a practical and
comerci al |y sdygamid thast canporalienie e conemtivhe pplysgrenaraggregdit honrgin-ehir@ined
i nvention has been described with reference to specific exanples it wll be
appreci ated toyjshose skilled in the art that the invention nmay be enbodied
in manv ot her forms.

Memory Sample: 100HZ Trig: Free
Zoom: x1.0  Zoom: x0.7
2 3.000

A? A

2 -3.000 4 A‘{

0.000 40.000s

ts  Figure 1 Dynamic respanse of conventional mix - 1100 kg/m’ density



WD 00/ 61519 PCTI AU00O/ OD301 -20 CLAIMS 1. An additive for use in the
preparation of |ightweight concrete, said additive including a blend of
around 40%to 99% of organic polynmeric material and 1 %to .:zouac 60% of
an air er tT-w.-;~? ~~-~~ .. 2. An additive according to claim1,
i ncl udi ng between 10% and around 50% of tRg _air entraining agent. ( 3. An
additive according to claim2, including between 20% and around 40% of the
air entraini ng‘ agent. 10 4. An additive according to any one_of clains 1 to
3, wherein thé&e8Pani c pekymr i c MBbRNHE i ncl udes S JPPHfpEE: FHrxot r opi ¢
ol L U T .

agents to enhamce 3M08C - AR—aeheh 'Jbﬂﬁ cof-di-ng-t e—gry—ere-—of cl ai ns
1 to 4, wherein the organi ¢ pollynerijc materipl i$ a delluljose|derijvative, a
pol ysaccharide, or a synthe¢tic hydrgphiTjic ppl'yner. §. Anjaddijtive
according to clai A3, Whergin the odganijc polymdtic naterial its 19 sel ected
froma group consisting of |hyfirpxyngt hyl} cel | ul ¢dse;

~hydr oxyel h~t' f. ~el | ul gse1- —= T 4 lox oyt hyl
cellul ose, starch, alginate, pol yviniyl Jal copo | j ~tthhyl eqe- | = ~"

oxi de and pol ypropyl en¢ oxi{de . q. addiit [ td anyl one of
clains 1 to 6, wherein L1y ‘ i nct udes re

noni oni c, cationic_or ani officys ) J rding to
claim7, whereih tR&%ir—ehrr |‘“ﬁ‘g‘J ~T75] o fatphia ol efin
sul phonate, or sodium| | ha sul ph fiin_adqditijve
accordin; to any one off cl &ins to}8, ijnclugingibetween 60% 4nd ar ound 90%
of the organic pol yneri e —O-100/64-5194+—21 1 PCTAAUOPL-00301 10. An
additive according to Jlai 9, jncl ddi nd bet jeen|{70%Jjand aroudd 85% of the
organic polyneric matenial J 11.] A trjeatnent hgent{ for] pol ystyifene

| i ght wei ght aggregate two.b JJLiimiﬁleparnfinn | ight wai ght.

~J

concrete, said treatme®@gent conprising an aqueous 5 sol uti ono.pddsan
additive according to any one of claims 1 to 10. 12. A lightwei ght concrete
formul ation including around 1 part by volune of cenmentitious binder, 0.5
to around 1.5 Figures Dynawot wsport of mieret trétnéd wix - POtly/m? demdy 6 (' parts by
vol unme of I|ightweight aggregate per part by volune of cenentitious binder,

and up to around 2%ehyueed BydrogedtictfressaddibrhieficaGa @k thptg ottAs amyieag of
claims 1 to 11. 10 13. A lightweight concrete fornulation according to
claim 12, V\’heraﬂivﬂ'xtﬁg}? 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 framung 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 (o fill, for example, the cavity in a sandwich wall without the need to

consolidate the mix by internal vibration or external tapping.



cenentitious binder includes one or nore conpounds of calcium alum nium
silicon, oxygen or sul phur, or conpositions of Portland cenent, sul phate
resisting cenent, nodified cenent, alum na cenent, high alum na cenent,

cal ci um aM®iodf¥ cenent or cenents containing secondary cafEoReHy0§301
including fly ash, pozzolana or slag. 15 14. A lightweight concrete
formul ati on according to claim 12 or claim 13, wherein the |ightweight
aggregates include perlite or vermculit&-15. A |ightwei ght concrete
formul ati on according to claim112 or claim 13, wherein the |ightweight
aggregat es i nclude expanded pol ystyrene. 16. A |ightweight concrete
formul ati on according to claim12 to 15, wherein between 20 around 50% and

100% by wel ghimole £Mois@RERIdbAYSHRLAAR! | ncl udes an inert particulate
material. 1 I ght wei ght concrete fornul ati on according to claim16.

wherein the i ti.cul ate material ,is natural !
001 61519 PCTI ADGF B0 59 a5 Rl {GRrb P e "B a0 Lo porHBIFAF o

according to any one of clainms 13 to 16 wherein the cenentitious binder is
a bl ended cEWentalls sapyiiusiedysTg-s9obh Wyhasmemaugs apde sima gitceashalloved 1©0- 10%
by volune of a mneral additive such as fly ash, slag, ' nmetakaolin. silica
fume or thechicke ambich? comlitOBIbLIvE Wedksl MRk wedills Gvede tHeghianelegbd 1€ 0a8MLE €
formul ati on according to any one of clains 12 to 18 and containing up to

around 60% of;; aklaa | & RIUTE 20206 Gh e 4L 139 |ai m
19 and cont a% ni ngxrela)t'gtgﬁggn SRZ"%% é:ngga“roog%glf?fc%g% %’fh?ee%%?rggghal r B%ﬁf&%é‘@ 21.
A concrete m x.according to.claiml r. ¢Laim 20, having.an.overall density
o1 70" bet weBTUISTS (T SHsGREE ke BibtH S Goabh i oosMea i Riter i x
‘according to claim21, having an overall density of between 450 kg/n8 and
around 650kgy#Bs 0DE) minwestdidgawds slofSCrnd § P mynutenal ambionpempiragurehéfist eps

of erecting a frane having a plurality of substantially parallel nutually

spaced apar thd dgiry d@EReE coraddnasitd weretikehaad fig mbieaire comestadfdatt aar, and
filling a cavity fornmed between said facing sheets with the |ightweight

concr et e;gm )@vagg%%gﬁ&g aEst'i’xﬂ?;a:q’&eati% ix?l:a%%n.lg to 22. ,~ 24. A nethod of

formng a punp I ghtwei ght concrete m x conprising the steps of firstly
m xi ng an additi.ye according to an ne of clains. 1 to 11 with water to
form an aqueous Irﬁi‘ﬁlér??mng%lﬁH‘lri/ 1§f§ve€iﬁé€‘h@e@e%g%ﬁl%l?tec%crﬁb"géggat eto
the aqueous z0 sol ution, and thereafter adding a cenentitious binder. 25. A
met hod accorediraigedomd rgiamedH.3 i eneismre dpapared teonki%s reoighre ik thaart by vol une
of cenment~tious border; 0.5 to 1.5 parts by volunme noninal water; 0.5 to
| .~ parts byou@ddiitRal pteystyrbhd d@frégate 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, thewr sufiness and screw holding capacity are maintained, leading to less

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



Wo 00~6isr9 -23 1 to around 9 parts by volune |ightwei ght aggregate, and
PcTi auoo~0030i up to around ~% by vol une of additive. - 20[ AUl E~I DED PAGE]
CLAIMS 1. A treatnent agent for polystyrene |ightweight aggregate to be
used in t WO @raparati on of |ightweight concrete, said treat FeMAULRBG0!
including a blend of around -.~u Ci ~i~luO: "~ .,.-,. ~,-1 ,--~ir::. ~_
~~ ., ,~~~1loi, r-. ~r;7;:f; L~ ~J0% A c'L7 21° eC~.~: LU ;| ~, 5 agent.
2. A treatnent agent according to clai m-1¢+ ncl udi ng between 10% and ar ound
50% ( of the air entraining agent. 3. A treatnent agent according to claim
2, includi ngrietsspenhZaRedand ik sheatlad®ovall] dritg. dihis edisealesy ftaimgent . 10 4.
A treatnent agent according to any one of clains 1 to 3, wherein the

or gani ¢ pol | kal s re thixotropic agents to
enhance vi s?ggllbg)ﬂgﬁgkhrﬂ%%g%e%%gagﬁg Sgéceésglr)di ng to any one of clains 1 to
4, wherein the organic F?gl ynmerjc terial is a cellulgse Perivatiye,, a

pol ysacchari de, “81ter QPKEREqIth §HFS 98 improvpd MaE retergog of thecprsamieistheagent
according to claim5, wherein the organic polyneric material is selected
tom a group redred stintndggofdatiga dox e hrydised bvoluoseo! dugdssoxgeev iyt carlhk Hicase,
hydroxy propyl nethyl cellul ose, starch, alginate, polyvinyl alcohol,

pol yet hyl £nenoxsiden aaghupab YRoapy HeneifXi Heis efablés béerbhARRoAERRAs bakcor di ng
to any one of clains 1 to 6, erein the air 20 entraining agent includes

one or nore nonionic I.onj G .qr Eoni. rfactant. o AL reat agent
accordi ng t&g%p §)1|8nr7c1i a/"?d 5 Ste?aglﬂh’%ttﬁean g{&%s(?égrﬁx Pé?ﬁ?%é ngé%%g ti?ps? egteglggll%ugrl‘h?‘géa % of
al pha ol efin sul phonate, or sodium |l auryl sul phate or sul phonate. 9. A
treat ment adéifceridagpashrgts o lafydidosts rble aticker én@?arﬁﬁwomnrsgﬁfw&lkﬁ/@én
‘60% and around 90% of the organic polyneric material. -21 [ AMENDED PACE]
' 10. A tresiteend reiyesad daratatidnfgpn any hkiindBsolivad hutiengnizet ween paifi¥dating
around 85% of the organic polyneric material. (

into the jointing zone.

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 locauon 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

[t 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



11. A lighriveight concrete fornulation including around 1 part by vol une
of . .~ _ " -~ , .~~~ of ir:~rt filler, 2 to ~ro~~~d 5 5
parts: by volume of |ightweight aggregate per part by volune of cenentitious
bi nder, sw&bdoliziht wei ght aggregat e includi ng expanded pol yiGir£be/BEat ed
with the treatnment ( agent defined in any one of clains 1 to 10. 12. A

| i ght wei ght concrete fornul ati on according to claim 11, wherein the
cementitious binder includes one or norelconpounds of cal ci um al unini um
silicon, 10 oxygen or sul phur, or conpositions of Portland cenent, sul phate
resi sting eemeedtionabaiif f4ldd ¢k idheaiveiNinamnat @ My, sehhg@toabiiie FRCenent ,

cal cium al um nate cenent or cenents containing secondary conponents

i ncl udi ng fclanéﬁ;ngrQ%t RORARL & @.a%rnf%égint%%cefa‘ LR wel Gy rﬁfgﬂf}ﬂﬁg eSother

fornmul ation a ing to claimXIl or claim12, whereint twer ght

aggregates i ngl ude.perlite or,vermculite 14. A lightweight concrete
fornul at i o&%@c@ﬂﬂ?ﬁbatﬁ’ = i e O ,e%é?car llﬁs’ffe\%‘éﬁma%%gan #end
100% by wei ght of the cenentitious binder includes an inert particulate
mat eri al . 1B flure ghtumsdghthecaomer et e f ormul ati on according to clai m 14,
wherein the inert particulate material is natural nmasonry sand. 20 16. A

l'i ght wei ght congiogf giefadbidilidan MR sa6s abing JighbveiBlt AMea@brdih@ioBe beestf 15
wherein the cenentitious binder is a blended cenment conprising 10-90% by

vol unme of R d _gf?qg ang =00 UFE? 1: |...addj.tjve such
as fly ash,lﬂ(s}%rgatgofijl fet a ggpl n, aggf%grﬁo?%ﬁe\ﬁ%er f‘éfﬁe?.kfg?_:xﬂﬂk‘?[eegszgt‘?)&f \?ItENDED
PAGE] 17. A concrete mix includin | i ght wei ght. concrete fornul ation
accor di ng t%yaﬁ"?' COmPosite ﬂe&ﬁ%oglﬁlgftgcof@%#g&ﬁtlﬁpﬁ?‘f‘?ﬁ Wilch 5245 Yund  60% of
entrained air volunme. 18. A concrete mix according to claim17 and

cont ai ni ng ipeprareneR58dzna carl bpartbrsResadhamstariiice df thersandvighmvalls This isA
concrete m x according to claim 17 or claim 18, having an overall density

of between @ueuigpAdRPkiatdihetdadhiating 14 5ipedithat 130 additiveBEpREEssTOX

according to claim19, having an overall density of between 450 kg/m and
around 630k - 21 ALeL ' -C LSk . steps
of er ect gt Sor e SolTRE e R R s o B AR i PR LB iSioh

mut ual |'y spfa\ce_d apart frame nbers, attaching f aﬁi ng ,,sfgﬁets to said frame,
and fillingltaVitidFi HsArie PrraeREiNGden Bt iheh®iRy CORBYEYS it 1t HaUastagleei ght
concrete m x according to any one of clainms 17 to 20. 22. A nethod of

form ng a punmpabtmehtgiet wed gitve convangivealiechnegresr i sing the steps of firstly
m xi ng the treatnment agent according to any one of clains 1 to 10 with
water 15 to form an aqueous solution, secondly addi ng expanded pol ystyrene
aggregate to the aqueous solution, and thereafter adding a cenentitious

bi ndef. 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/m® mix | 500 kg/m’ mix
HILTI HGN 12 (@10 mm Bolt size) 2.11 0.71
HILTI HHD 6/19 (&6 mm Bolt size) 0.90 1.30




23. A nethod according to claim 22, wherein the mx consists of: 1 part by
vol ume of cenentitious binder; 0.5 to 1.5 parts by volunme nom nal water; 20
0.5 to 1.5 parts by volune inert filler; 1 to around 9 parts by vol une
| i ght wei gWP M¢gs¥gat e, and up to around 5% by vol une of addiQl/4800/Ge801
. AH. AhL. Ae. AL9. An. Ah. AY. AU. Asy. Ah. Af % A{ 9L. ApSL. An9. As. A. A. A. Ay. AN. AL A A5. A
. AE. A( ?NOX$r AC/ z"y) vH
}xsnl d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca§ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
calcalca]calcalca]cTa]calcalcajca!l QO a
A8.) zF=} xsni d_Ztcaj} bakea] tha]wianca] arheahtaledfaabeadmahsditabeiehcaleadeal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! FPcosD1l aor } xsni d_Z] caJ ca] ca] ca] ca]

ca) cal cal cal eal cgkﬁe]xfehcaa;s«a&%g@ salanlsakealastanidatsaloplealoal cal

ca] ca] ca! ux?

$vI$% vql cal calcal.ca cal]cal calc a ca) cal ca] ca] ca] ca] ca]ca] ca
cal cal cal 85]@%@%;@% o F O RO B Eh SUORREPBRoT Egon Core Hortty 1o
)F)))-*O0***L++++, , , , - -{val gb] X] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca]ca] ¢
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aJ cal ca] ca] ca] ca]ca]ca]ca (
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ajc aUc a] c aUc a]ca]ca]ca]cal ca] calU c a] cal] ca]ca] ca] c aUc ajJc

a] ca] ca a] cal.calc

T]>TA1I'TTL %%MW@W%@% ?‘Wd]k]ond tre 1"l]]ﬁca G aé% dca] cal
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] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal cal) dprédémﬁgaemﬁrf feqouetotitehaéicBos prior to its being loaded. When the HHD type
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ca] ca] cal
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oa] ca] on] o SredrBly BER EapES) RAlSErE S RME S P A bakaglsal cal oo
4] wmhc} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] caj ca] ca)] calcalca]calc
a) ca] ca] ca] &) ca] ca] ca] ca] ca] ca] ca] ca] ca( ?NOXf E
10% ) & ()-10%2& () -#10%Z& () - 10%Z& ()- @10%&Z& ()-

109& () -10X$r Ai K- 109&Z& () - 0SY109@Z& () - 109&Z& () -
| 109@& () - 3, 109@& () - 109&& () -

10%2&'()-AC/}Z\ialﬁfrr)lé@ngéﬁle\@*di@i%@&r{) 39400@& ()-"109%Z& ()-  109&& ()-S
109Z& () - Y#IOWE ()-z"y) Vi K- 99! 109%Z&’ () - @&L0%Z& () -4y 109%Z& () -2

"10%& ()-LO 10%\% Ql torm%i%ng)for' lxt;]hq f%h{ ):onlére'e with densities of 1700kw/m and

450kg/m’ are shown. Both examples showed excellent dispersion and bond strength

with the polystyrene aggregate.
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1" 10%4| & ()-y310%| & ()-!10%| & ()- A8dEi K99! 10924

10%4| & () - Y2#10%4| & ()-LO 10%4| & ()-4 .s10%| & ()- +f#10%| & ()-3

) 10%4| & ()- .~ _@9! 10% S10%| & ()- "10%4| & ()- &10%| & ()-! 10%|:| & ()-|
104| 104| 104| F7m 10%4| & ()-) zFaB~_@9! 10% sf 10%4| & () - F@10%| & ()-!1 @
10% | & ()-@ 10%4| & ()-,!10%| & ()-, '!10%| & ()- F=aB~_@9! 10% #710%4| & () -
10%| & () - SHOYA& SO SO YU @011 0% 021
0ol & (), JRAGEI®) Ly fooal s 13- 1 100 & (L oo &G~ To00

F% 10%| & (|- P abcosbC99! 109%1Tsg&’ () - . H0%g& (Ratiotpvspt ()Revabyga: () -3
104| 104| 1B4R@er10%| & () - DIABBCI9! 1098 BA%g& | ) - S@100.00% 100.00%
10%& () - S Id&%a5ién - 1099& ()39@ 10%9& (930 155.56% 177.78%

109%& () - | a@ERCRIL IOV IDYg& FoE=y — JOY& (= TID7g& () gle7i]
s 100@&’ () - & (5 aoUEDOISIL00&D. 1008 ()~ 33 5t 10 O,S%, —380gR ) - 3
)10%3&' ()_' ngm: ()-\J/¥0A\ 100/m1&"(‘\-rr<*f||yn‘l_j@9]i 04 11 1095758 ()-7 108 @L)g

109" 9: ! 10%giéddrtl vg& [)-4 J0ugs ()- 2 2.12% 0.88%

2y#10%9& () % " xaBmb@9! 10% y10%d & )-yf 11098 ()-f910%& () -
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% o 131%

In all these respects, the invention represents a practical and commercially significant
improvement over the prior art.

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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1. An additive for use in the preparation of lightweight concrete, said additive
including a blend of around 40% to 99% of organic polymeric material and 1% to

wound §0% of an air ent-inT arn

L

2. An additive according to claim 1, including between 10% and around 50% of the
alr entraining agent.

-

3. An additive according to claim 2, '1nc:1udin§~ between 20% and around 40% of the
air entraining agent. (
10 4.  An additive according to any one of claims 1 to 3, wherein the organic polymeric
material includes one or more thixotropic agents to enhance viscosity.
5. An additive 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.

6.  An additive according to claim 5, wherein the organic polymeric material is

y -
.S

15 selected from a group consisting of hydroxymethylcellulose; hydroxyethyBeellulose
hydroxy propyl methy! cellulose, starch, alginate, polﬁri’y] aiébhhol,‘: polthylene
oxide and polypropylene oxide. : .

7.  An additive according to any one of claims 1 to 6, wherein the air entraining
agent includes one or more nonionic, cationic or anionic surfactants.

20 8. An additive according to claim 7, wherein the air entraining agent is a sodium salt
of alpha olefin sulphonate, or sodium laury! sulphate or sulphonate.

9 An additive according to any one of claims 1 to 8, including between 60% and

around 90% of the organic polymeric material.
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10') 10% h& ()-'f#10% h& () - Y%.lO% h& ()-# 10% h& ()- 10% h& ()-g 10%
h& () - 6672 7HEE!? PAFICIEANHEIY- h410% h& () - 29! 10% h& () -s010% h& () - 3. 10%

h& ()-+y#10% h& () - F+ML0% h& ()-M/7 8R88889r S4/ 10v(2#109%& ()-s10%& () -
109 () - 11. A treatment agent for polystyrene lightweight aggregate to be used in the

preparation of lightweight concrete, said treatment agent comprising an aqueous

5 éolution of an additive according to any one of claims 1 to 10.
12. A lightweight concrete formulation including around 1 part by volume of
cementitious binder, 0.5 to around 1.5 parts by volume of inert filler, 2 to around 6
parts by volume of lightweight aggregate per pa:’;‘by volume of cementitious binder,
and up to around 2% by weight of the additive according to any one of claims I to 11.

10 13. A lightweight concrete formulation according to claim 12, wherein the
cementitious binder includes one or more compounds of calcium, aluminium, silicon,
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.

15 14, A lightweight concrete formulation according to claim 12 or claim 13, wherein
the lightweight aggregates include perlite or vermiculite.
15. A lightweight concrete formulation according to claim 12 or claim 13, wherein
the lightweight aggregates include expanded polystyrene.
16. A lightweight concrete formulation according to claim 12 to 15, wherein between

20 around 50% and 100% by weight of the cementitious binder includes an inert
particulate material.
17 A hghtweight concrete formulation according to claim 16. wherein the inert

particulate material is natural masonry sand.
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wherein the cementitious binder is a blended cement comprising 10-50% by volume of
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metakaolin, silica fume or the like.



109 & ()- (109 & ()-M (10%& ()-M & 109%Q & ()- 310%Q & ()-1 x|[: A41010
*@109%Q & ()- (@10%) & ()- f&s109%Q & ()- 9% !109Q & ()- "m0 & ()-
109 & ()-= |[:A41010 7 109%Q & ()- f5GLO% & ()- 93 109%Q & ()- 1109%Q & () -
L1090 & ()- ,F109%Q & ()-m/U410 s10%Q & ()- F 109 & ()- 14

109% & ()-10Q 10Q 10Q ;Z10%Q & ()- 9 109%Q & ()-$zI|[:vU410 109%Q & ()-

| 109Q & ()- Y109 & ()- g 109%Q & ()- !'109%Q & ()- V#109%Q & ()-Cu|[: vU410
| (@10%) & ()- @L10%Y & ()- &$T 10%Y & ()~22- 10%Q & ()- ! 10%Q & () -
f3"109MN&& () - FU&T| [ vU410 S5M 10%Q[&MBNDED HAGE]& ()- 010%Q & ()- .
109 & ()- ,109%Q & ()- *109%Q & ()-KpqrsuvU410 &3 109%' & ()- 109%' & () -

0 109%" & () - L197Q 1@@0&&@6 i 1&&1{@11% a(l% t\]vgl O/égn&re@ fo'i‘ﬁlﬁ]afnoﬂ Wdding to any
(10%nx n& ()-3 10%' & () - 0%( (V<>x >& ()- &S 10%’ & ()

R L S I S e O%W 8 & 0-
C10%" & () - 09" & ()- *10%' & ( % vU410 3GlO%< & ()-
010%< & ()- .ﬁ%wA&%ﬁrete %%s%dt%&toﬁa@do]%@nfé RV aﬂ@& c)&vegzﬂ €y% Frarand
"Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Headi ng 63] c30% Ieléantrmgedﬁal] vdlutigeadi ng 83]c" "Heading 93] c"A "Default

Par agraph Font bt* ,'.4<9]>Cl NTZaf npw}-r4

% 7?F$ORf Z3 dl ISZ<uAhbthbﬂ&1mCah6¢rdWysZ:l@m 10 drftalm 18, having an overall density of
"JHYR(-*+, -/ 125679K9999: " :::; M g;;; <9<<<< =' z=v===>>p@ AA- C2EEF2FuFFF) Gv GG

HUHHHI | SKL+MyABRPRER BRHRHATELYGD Q5 Q- QRRGRNRSRZR_Rf RKR RARR
RRRRRRRRRRRRSTVLWEY[ \ 77" abYbTbbbb

Gdigg&i I(I)J*:I n&?glgfgéggtggﬁqra%%&%\%}l{ﬁ%é ngéﬁrrg% r| a f@SB“r’?e&r“S&ew h
Root EntryWor dglj;bg%% YR, () *+,-./0123456789: ;

< >’>@\BCDEF [\]~ abcdef ghi j kI mopqr st uvwxyz{| } ~

"HIUR () *+, - / 0123456789; ; <=>?@\BCDEFGHI JKLWN
. A method of constructing 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 wélter
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, 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.



