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.TECHNI CAL FI ELD The present invention relates to cenentitious articl gsm@knd
particularly but not only walls, floors and the |like of Ii ghtwéngIﬂ\{j
construction. 5 BACKGROUND OF THE | NVENTI ON There have been many proposal s

in the past for a |lightweight contenporary nonolijhi ], systemto
repl ace WoM4RPt i onal masonry wal |l s. Lightweight \Aﬂ\g&/ﬁ’ﬁmg{?‘st ems provi de

significant advantages over the prior art particularly the reduction in

| oad pl aced on foundations. 10 Thiis has proved particul ar jfficult for
external walling systens which require equival ent durabi llmﬂgﬂmmwmmg
bear i ng (§RPACT t Y | §@HGWIMERT WARL COSOIRYCTION | i ght wei gh t

al so be highly resistant to danage frominpact, thermally and"s&éoustically

efficie g?l'ﬂﬁ i e for application of different decorative finishes.
Traditi gjﬁ &é?gf&@% so require skilled | abour, Many repl acenent systens

strive 15 Tie heewqiivenion relatdsnpiementitions driécles apdaseiculpledut Botofldt al | and | ess
dependent on skil]ed.la r. . -sit.e construction can produce |ightweight
wal | or Ay Oﬁé?lde'ﬁ%m?eé)r?ﬁ%ﬁ %%h%(jenﬁt?dcl{lﬁls't allation on-site. Transportation
cost S sW B ACISGROUNPSIRETHE INVEMIU@N, are significant. In situ building

systens are _preferred for various reasons.. Tr. l.on costs are reduced
and the in g“tr%uhaé’%‘feéHE“%?rgpoé"’fl?B%Wf‘%?(frIazlﬁklltg%lgmi%%?{n?@;a%}gpe of wall or floor
whi ch ¢ orggth%%vamyﬁnq 14GépRde cohbtionasinmsonry alatio Laghtweighswallimgces to be

e wa

installed 1nt during construction rather. than.subsequent
r&cﬁl 11

i nst al | atybtoms providesignificant pdvapiagss pYes BEPBOT 2B PP S, Wall's, for exanple,

began with th 0, Jed "dry wall systent. This was a sandw ch wal |
conpri selaado‘?lacg??%%}l&g!rldns't eel framing with thin ,shegt' ne% of gypsumor fibre
rei nforced daistnd prexet aohedhrly diffieutdor e@malpglling pystepg ’tcb’ WHai ned hol | ow. The

systemwas. lim¢ted .o i b {olcOVeRttnal RAYRMEThe due to its very |ow
| oad bea?‘i“ﬁ@fe?itéiﬁ%? 'ihtyya,n d Pé%ﬁ%g cgﬁgrcg%'itolci ty and | ow mass. The applicant has

pr evi ousjightidigp Osrehs Susysd beigldy resigarg to demegerftpreimpent, thamaliend - a

lb:a'? \r,]vte\é\ﬁl %gqﬁégtgzggkg%%tnte an glﬂt%l lg o? apsplligz{tirox 011 d?ffé?é%l?pe%gt‘aﬁ@tfﬁisﬂﬂ.e void formned

Traditional systems also require skilled labour. Many replacement systems strive
15 to be quicker, simpler and less expensive to install and less dependent on skilled labour.

Off-site construction can produce lightweight wall or floor panels for subsequent
installation on-site. Transportation costs with such systems, however, are significant. In
situ building systems are preferred for various reasons. Transportation costs are reduced
and the in situ systems are also more flexible in the type of wall or floor which can be

20 constructed. The systems also allow services to be installed in the wall during
construction rather than subsequent installation.

Such in situ construction of lightweight walls, for example, began with the so-
called “dry wall system”. This was a sandwich wall comprised of timber or steel
framing with thin sheeting of gypsum or fibre reinforced cement attached thereto. The

25 wall cavity remained hollow. The system was limited to internal partitioning, however,
due to its very low load bearing capacity, lack of durability and low mass.

The applicant has previously proposed a system for constructing a wall in which a
lightweight aggregate concrete slutry is pumped into the void formed between two fibre

cement sheets supported on a frame. This system essentially requires the entire wall to
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30 Dbe filled with the concrete slurry.



cenment sheets supported on a frane. This systemessentially requires the

entire wall to 30 be filled with the concrete slurry. 10 June 2004 -2
This system has proved quite efficient in terns of acoustic1%anEQ%bgal
insulation, durability and masonry feel. It does, however, requlire

substantial quantities of cenentitioug nmaterial. Additionally, since the

cavity is essentially filled with a nbAGlithic cenentitious bl ock, water

cannot escape frominside the cavity wall. 5 The cost of [|ightweight

aggr egat Bhis ssyaleso hagiiprevedi giteanfficient niantermasafsaqoystit fand cthenmal oinplationsi t h a

cenmentitious..binder t [ oyl de onogeneous mxture. |t .i ject. of

the pr escilf{'#b lpﬁ've i gha%?%yox%e?'c olﬁeé]og’ i gal-lr%%’Yelvorr’ afeélu}a{? l<labass u%frsleqau(%?t?[? Ye of

di sadvanieag@sitiolis mbBRripl. iAAlditinhlly, 3indeQh® Exityds essetisfifyufilled dvith aahonotithid O

DI SCLOSURE OF THE INVENTION In a first aspect, the present invention

provi descenanfigipusipeln tvates caprat eseapg frognissidsithecayity iy py vol ume of a

cemernd it i 4 I t s SR itive

in arrlSt an%%éjn?oggwgg{iwgggygg%@é%té 1§3§})§%§uﬁ\iﬁf f.\angggt e§’c%rsr%sﬁltsi ti ogltst t%lﬁﬂger and

an ef f ewith weementitivus dindentoeprovidhe haddigenaoas mituradi ng 40- 99% of a vi scosity
enhanci ng .agent, .15 ich in water .either dissolves .or for ol | oi dal

1 sper st Brie oo oS drestal TERiGhis SUFHRRE AETENHP AOE S A PEd ¢ o

entrain gkidvah@Bes BARApMbLLdd, WRicSroRide aQke VARSShtivel N & second aspect, the

present invention provides a nethod of constructing a panel conprising

erecting a substantially rigid frane, attaching to the frane front and rear

~fibr r el | L ets to forma cavity there between and
provﬁ)di n@i%ﬁ?ﬁ@ﬂ@;@ﬁ?ﬁaﬁ‘;@mgﬁﬁw ght concrete | oose fill conprising one
part by Mo4 e a@pech thepRIEhttihGditioni prodtes 21lightWeiit icondroRl thixCefisitsing 1
aggregate, a cenent additive,in an anount of between 0.05- 0. 3% by weight
of the cRHeRYiYalwne oihaeneniivuabinder.eétlvRArEnBartcogrse\RigesLate; RecHBRNtt i ve

i ncl udi ngy4;40:299 | j i g j : [ r

i ssol ver i e oy K BERRL ¥ 0SU IO b A AREDS miicpl o iRer Bl R
agent / sueffetiveamoadipl watet,che additive) irmluding) é0-9926ofa xisdosifyt énhandieg agerd/ or

punmpged. The plicant  has.faqund that the u f a .low or, ng fjnes concrete
e L e WBIh oD HpIeG S QiAo Pb s CeH R fzasfriofii i, 908 e fhe
prior artnyNonddt AEentSAR ALt AARS B &\aRtSt WhBiE BitxddSeih WatcP aRYbASurAped.
external T1ghtweight concrete wall. The procedure involved casting the

concr et eln a ssoendeastieot ghe froesemb inventien providdsoa method of constructing a panel

comprising erecting a substantially rigid frame, attaching to the frame front and rear fibre

reinforced cementitious sheets to form a cavity there between and providing to the cavity a
20  lightweight concrete loose fill comprising one part by volume of a cementitious binder, 2-
10 parts inert coarse aggregate, a cement additive in an amount of between 0.05- 0. 3% by
-weight of the cementitious binder and an effective amount of water, the additive including
40-99% of a viscosity enhancing agent which in water either dissolves or forms colloidal
dispersions, and 1-60% of an air entrainment agent/surfactant adapted to entrain air when
25  mixed with water and/or pumped.
The applicant has found that the use of a low or no fines concrete mixture for a building
panel provides significant advantages over the prior art.
No fines concrete has previously been used to provide an external lightweight concrete
wall. The procedure involved casting the concrete in conventional formwork, waiting for |

30 the mixture to cure, stripping the formwork and then rendering the wall



30 the m xture to cure, stripping the formmrk and then rendering the wall
1 0 JUN 200k WD 01/42164 -3 PCT/ AUO0/ 01524 surface. This |ast step gvagn 2004
required since the no fines concrete wall is essentially filled wth voids
bet ween the coated aggregate particles. Several problens arose with such
previ ous net hods, however, including: a) the need t0. 08 i n the formwork
for extgﬁcwﬁ‘l?‘)’eri ods (up to two weeks) 5 until suf ??E’?gdr?{a{sg{rength had been
devel oped in the mxture. This was due to very little cohesion existing
bet ween the coarse aggregate partBeles since there were little or no fines
to fill the gaps therebetween. b) the no fines concrete had to be noi st
cured CQRtakdURIAY siéPlas@qurdickade thp@s figd Sorfetd wallHs ehsantiblly fillké |imted vol une
of cenent binder coating the to coarse aggregate and its susceptibility to
dryi ng pathvpidubesvdey the soafdypegpeatiipagigles-condi ti ons. ¢) when used as exter nal
wal I'ing, thig er%%%‘?&h%%%it%ﬂ MASusTHERRED hbWdver, Indludia@i sture ingress from
the outside due 'to the |arge vo?unes of connected pores existing inits
honeyconbeda)st rthegieer te maktiimtberforrovwiety fosseeded pesiods RNt PEEKSY | east partially
be renedi ed by render.i [ e Wac®sw Not only was
this quite expé’ﬁ@is\‘}@f'eﬁgﬁeﬂ@%ﬁaﬁlgﬁgd?‘}tagpéeaa’h?%d the ggand_ absor bi ng
properties of tvag linte cbhaies exiging bevesnwed doarsdasgiegie pArddds§cof the surface

pores and increasing |.ts density...,.lhe pr plicant has found a novel

mi xt ure whi ch é’l‘qr‘b\xgel‘ﬁléo%{&’gﬁ‘ﬁsgtétﬁg-ﬁ?eogag Sztgé%ﬁ"cf%pviell with each other and the
FRC sheets gy tiend firdsi®ncrae aday B¢ mOEBSredcorainuduslafir extertddces sonme of the
et e (NFC) by: a)

difficulties associated with cqny%wt' onalf no Lti).néaersco%grpc
provi di ng i npacieripds®f Emashe iyl imited yolume ot gerpentNCERCORa et f or maor k and

avol dthe need &g WllepliindGblsBGBNG (S UGRERMaaiay ety at winly f or muor k; 25 b)
provi di ng the wall sKins to protect the curing mxture in the wall cavity

t her eby avoi di ngndihensneed for continuous noisture curing of the core; c)

brovi ding a Srogtl) QULeL i (s Wil dndifotPhill #kisibegisicayoi d the need T or
rendering, pteveht noisture ingréss and maintain the acoustic perfornmance

of the no fi nesoisarmmgress fore the outside due to the large volumes of connected

pores existing in its honeycombed structure. As mentioned above, this could
15 at least partially be remedied by rendering the inner and outer wall surfaces.
Not only was this quite expensive, however, but it reduced the sound
absorbing properties of the no fines concrete wall through closing of the
surface pores and increasing its density.
The present applicant has found a novel mixture which allows the aggregate to
20 bond well with each other and the FRC sheets on the frame, and overcomes or at least

reduces some of the difficulties associated with conventional no fines concrete (NFC)

by:
a)  providing impact resistant wall skins to act as permanent formwork and
avoid the need to wait for curing and subsequent removal of formwork;
25 b) providing the wall skins to protect the curing mixture in the wall cavity
thereby avoiding the need for continuous moisture curing of the core;
¢) providing a smooth outer surface with the wall skins to avoid the need for
rendering, prevent moisture ingress and maintain the acoustic performance of
the no fines cement core.
30 The strength of bonding between the no fines cement core and the wall skins of the

inventive method is quite surprising. Conventional NFC mixes which contain such high



30 The strength of bondi ng between the no fines cenent core and the wall
.skins of the inventive nethod is quite surprising. Conventional NEBC U »8%
whi ch contain such high 1 0 JUN 2004 WD 01/42164 -4 PCT/ AUCQ 01524 vol unes
of coarse aggregate and relatively |l ow cenent contents are normally

i ncapabl e enerating sufficient binder surface ontact with the
wal | skf%%“%%“gnable bondability. In a third aspe@?&&?wgq%?esent i nvention
provi des a buil ding panel conprising a 5 substantially rigid frame
defining front and rear faces, fromt and rear fibre reinforced

cenentitious sheets attached to the frame to forma cavity there between,

the cavi fc%fumé%%% E&rs@g%gke%% End%li%ﬁxleﬁy' lb\v cdrhdhl @heith &rbn@mbilyghdapsbight concrete

| oose fi whereln ht wei ght | oose fill conprises | part by vol une
of cenmendfidenaaig sxhiﬁmtébmd@zsqr@%ﬁ?atlg cpnivst vitbavdbskag et e, a cenent

addi tive Rt il anount between 0.05- 10 0.3% by wei ght of the cenentitious
bi nder R(H’ %R% &ffective amount of water, the additive includi ng 40-99% of a

viscosity enhantidasheo@Opredthi iGeniidh pﬂ@ﬁd&ﬁa&hlﬁh@pamtﬁomoﬂ:m or forms
col | oi dal dispersions and 1-60% of an_ air ent ﬁ%‘ent/surfact ant

adapt ed substemttalnrigid fame dafiaine foxtaad rrt facendiontan W?f Fe rf)‘ﬂ £ The front and

rear Tibpe &g 1usa{e&%a%ﬁﬂ?@&lbhm%f&n%atmemeaﬁummg to the 15 frane
by any mSYRod K e art 1 ncluding glui n&b screwi ng and stapling as

di scl osedcihgatlldattearialy frijltdl\mtﬁ’atllelnwelglpmmcce&t PQ?ﬁﬁ PCT/ AU99/ 00639 which is

i ncorporated herein by reference. 50 ce er?tfmofxé nes in the
cement i t i ouswhsreirithe lightpeight doosy §] ‘P?Q’Pﬁ‘f'eﬁ BFEP yvé’ u"ﬁl 8 porous and is

conposed derC??‘?]Beﬁ‘ts%Hrcé‘ﬂétaggr@%&%nﬂc&r@&%ch&% iMvart afmmnttblaumcrdmﬁent 20 paste.
Not only does e resultant wall panel have excellent | oad bearing

capaciit y 0.3% by weight af thagsmentitigus biedet 1 aBF@%BYFcaé‘OB‘PI °b\§#%™40% by ni x vol une of
| nter connect gw a(PcPth%?ﬂclu%[}ng 40 '9§% %pa ﬂ&%ﬁ y | fihcibd ek AhRh ikertelhesuch a hi gh

vol une of pore fact be desi gned for its
dr ai nabi ldissyivdsof fottﬁsecoﬁ&dtrldtspﬂm@mgndl\hﬁq% efrﬁnglrd’éfaﬁmﬁ‘é‘@e“ F‘Bfa"‘é‘%arrpl e. The

novel cenentitious, mxture | the wall cavity if desired.
25 Al t er RAERISHP Grtrainy whep P’"ﬁ%&\yyftgyatn%@h@eaﬁﬂgﬁl ally filled with the no fines

concrete m XTREbnt kddQedr ﬁﬁxﬁlrd’ilfifeﬂéed defn"enthlibgs sbeetsfmidy [be eltaglied o theiot her materi al
such as pol ystyrene concret gund by any

parti dél aframerbéamymetbwémawn.tt&f'a%ﬁ‘t‘“%'édl“igé}&g fcﬁe“f"% af’?gStg)pEfmgsent i nventi ve
m Xture REAMLEASS HERRDEE Pt APl RKid Nonp@r/karewommhmlglsdue to the

incorporated herein by reference.
Due to the absence of fines in the cementitious binder, the resulting mixture is
highly porous and is composed of coarse aggregate bound together with a thin cement
20 paste. Not only does the resultant wall panel have excellent load bearing capacity, it is
drainable due to the presence of 20%-40% by mix volume of interconnected pores, and
is an excellent insulator due to such a high volume of pores within the mix. It may in
fact be designed for its drainability for use as retaining wall on side slopes, for example.
The novel cementitious mixture may completely fill the wall cavity if desired.
25  Alternatively, the wall cavity may be partially filled with the no fines concrete mix and
the remainder left dry or filled with another material such as polystyrene concrete.
While not wishing to be bound by any particular theory, the applicant believes that
the present inventive mixture provides enhanced core/skin interface bonding due to the
additional chemical bonding contributed by the cement additive and the enhanced

30 moisture retention in the cementitious binder in contact with the wall skins. This last



addi-ti onal chem cal bonding contributed by the cenent additive and the
-enhanced 30 noisture retention in the cenentitious binder in contact “ﬁtﬂyk
the wall skins. This last 10 JUN 2004 WD 01/42164 -5 PCT/ AU00O/ 015240 a¥je
reduces drying of the cenmentitious binder caused by noisture intake by the
wal I skin, and consequent debonding. In addition, the j tive additive
provi desV@UEZ$ ent bondi ng bet ween the vari ous anggggkﬁmg rticles. It is
believed this is due, at least in part, to the additive providing 5
efficient wetting of the aggregate particles, generation of a foaned
cenmentitious binder in a volune sufficient to coat the coarse aggregate

parti cl egpecpiafhcef driifd She RbRMbishdef causé@bBnoiktore itekedg emalit i ous bi nder. 10
The propo?tlon of said viscosity enhancing agent ranges from about 40 to

about 99skin, pdebesequontydebondiig.about 60 to about 90 and still nore preferably
f rom about rgadtbift)ioffil ULy efve aga{i{'e}rwdeWCQ%t_ FRGding OBwdRA te Sarios Wei ght  of the

blend. 15 T roportion of sald air entrainer 1s an anount in the range of
f r om aboagaregaté partichdsolifis B0gve thisfiedugbt Jeast innertab dgedditverngovidirut 50 and stil |
nore preferably from about 20 .tq ] e er 100 parts by
wei ght’ O#EFHE“%?@%ﬁﬁh¥W§m§%$%¥m%?§%%§#%9é@ﬂﬁ%ﬁ%&ﬁgMgggﬁgphgg used herein

i ncl udes;QRBIuak sifEient td dahtthd doasé ugrganpastios) ot efScicitestentionshbl ve in water or
which at |least formcolloidal 20 dispersions in the presence of water
wher ei n Ve iBfiegapentidous BindTnquce an increase in the viscosity of the

wat er. These include cellul ose derivatives, polysaccharides and synthetic
hydrophilic pol ynmers.. Exanples of cellulose derivatives useful in the
conposition of this invention include hydroxymethyl cell ul ose,

hydr oxyet hyl cel | ul ose and hydroxy propyl methyl 25 cellulose. Exanpl es of
polysé%charides useful in the conposition of this invention include
starches and al gi nate. Exanpl es. of synthetic hydrophilic polyners and

a1 Conol and DEREPHN tiiad SRERIGHARG oy s cUSR 108 bl e Boa”
preferably from about 60 to about 90 and still more preferably from about 70 to about 85
parts by weight per 100 parts by weight of the blend.

15 The proportion of said air entrainer is an amount in the range of from about 1 to
about 60, preferably from about 10 to about 50 and still more preferably from about 20
to about 40 parts by weight per 100 parts by weight of the blend.

The term “viscosity enhancing agent” as used herein includes one or more
thixotropic agents which either dissolve in water or which at least form colloidal

20 dispersions in the presence of water wherein the effect is to produce an increase in the
viscosity of the water. These include cellulose derivatives, polysaccharides and
synthetic hydrophilic polymers..

Examples of cellulose derivatives useful in the composition of this invention
include hydroxymethylcellulose, hydroxyethylcellulose and hydroxy propyl methyl

25 cellulose.

Examples of polysaccharides useful in the composition of this invention include
starches and alginate.
Examples of synthetic hydrophilic polymers and copolymers useful in the

composition of this invention include polyvinyl alcohol and polyethylene and

30 polypropylene oxides.



WO 01/ 42164 -6 PCT/ AUOQ 01524 The term"air entraining agent" (AEAs) refers
to surface active agents (surfactants) which act to entrain air in QGN 200k
conposition as it is mxed with water and/or punped. AEAs used inlt
present invention may include one or nore nonionic, cationic and anionic
surfactants such as sodium salts of al pha ol efi ne sul phonat es and sodi um

| auryl 5We@l43tfdt e or sul phonate. The term "cenenti tRG@YMIRber" as used
herein, nmeans all inorganic materials which conprise conpounds of calcium
alum nium silicon, oxygen, and/orgsulfur which exhibit "hydraulic
activity" that is, which set solid and harden in the presence of water.
Cements of this tvpe include I : kan@Pt ting or extra
fast setti ngﬁ’eiﬁmsﬁ %trg ggg%egfg{qlﬁ%g régg%ﬁ?ﬂggeﬁﬁlg?%ega(sgg%eﬁtg, al um na
cenent s, whichhctal dnrrhin air cethewimpositiopab it isumixe with wesgr endée pampes and cement's whi ch
contai n secondary conponents such fl . nd the like. The
term" ce@ﬁ‘ﬁl‘lfqﬁé‘ﬁ@e BrfReRvenian "?fé’é’lfﬁﬁ%?réei#n?%gélr}fg%lgﬁgﬁéﬂtogggmg mat eri al

i denti fi gghoni@sufbi@ds Aetasbaiinl 542 of ayhe elefinesulphoriBes srddandus dweht . 15 The term
"coarse aggregate" refers to the aggregate being inert with respect to

ot her tonypharrsulpiondite i xture. It includes graded and ungraded aggregate
such as washede | ¥&hendhiAN BindertistisdadErelngMEMs 8ll hogkniOmatéralest one,

| i ght wei ght aggregate, pum ce, scoria, expanded shal e &1;_0 nEd clay) and

ot her ar tvitiidhebmprisa gonpeyuads @ calctymy Shaeniya sECHL PREE AR SHR BRI or  aj 1 - cool ed
bl ast furnace.slag. |t .o& LS W4 fidtdeR id REpkRhde@tinvigr. 20 criteri a:

Si ze rangeéﬁg% W‘ﬁ’ia@g aﬁlﬁ)v“ﬁm&gﬁ Q@ch?{nsff%%l)? g}gﬁaltrds?%? n%.tﬂaxr)\ 20 mm si ze: 5% Maxi mum %
finer tharenfntsos this Iee int D86 cofimen Podand coments EsrgiipeerareE [itaditingg is: 25 single

size (gap graded), with highest propgrti Is O Mmto 20 mm
cont ai 'ﬁi rfﬁg’Hﬁterﬁe 1P FTPras: mg‘ﬂ%%éxrﬂg W%ygl%%frng&#ﬁg%%}%&pﬁg%ﬁﬁgécapaci ty of the
cur ed MatGleiudl ahiSinddeinRan arrRphaxs wiadhelbntaib stcondapOeoivPenent¥enchgsi st i n | oad
bearing, the |ightweight cenentitious material may include 30 0 to 40% of
a t hi ckerfbrash,ippgmlapaig theyike-pozzal anes, such as silica fumes, water sealing
10 JUN 2004The term “cementitious binder” as used herein, also includes a material identified

as slag and mixtures thereof with Portland cement.

15 The term “coarse aggregate” refers to the aggregate being inert with respect to
other components of the mixture. It includes graded and ungraded aggregate such as
washed river gravel, crushed igneous rock or limestone, lightweight aggregate, pumice,
scoria, expanded shale (foamed clay) and other artificial aggregates, crushed hard-burnt

clay bricks or air-cooled blast furnace slag. It preferably fits within the following

20 criteria:
Size range: 5 mm to 20 mm,
Maximum % coarser than 20 mm size: 5%
Maximum % finer than 5 mm size: 10%

The ideal coarse aggregate grading is:
25 single size (gap graded), with highest proportion ranging between 10 mm to
20 mm.
containing minimum fines, preferably zero.
The load bearing capacity of the cured material is between approximately 5 to
20 MPa. To assist in load bearing, the lightweight cementitious material may include

30 0 to 40% of a thickener, high reactive pozzalanes, such as silica fumes, water sealing



WO 01/ 42164 -7 PCT/ AUOO 01524 agents, water reducing agents, setting rate
-nodi fiers, hardeners, plasticisers or waterproofing agents. The initial
gquantity of water in the cenentitious |oose fill will depend upon aJm‘uq@wr
of factors including the type and content of other constituents. ]n nost
cases, a 5 water to cenent ratio of 0.3 to 0.8 and-preferably 0.5 to 0.7

i s suffiWP8H1¢40 ensure punpability of the |oose fifqUAMHI3¥4hesi on of the
aggregate particles to thenselves and the FRC sheets. Unless the context
clearly requires otherw se, throughaut the description and the clainms, the
words “conprise', “conprising', and the like are to be construed in an 10

i ncl usi ve_s - AL VBdcRlrs, SibiRMSE bve sense; that is to
say, in the Sgg’%g‘gédug?'%?eﬁgl gﬁg?‘%%,te iﬁdualt'_ﬂéﬁsbl;{ T m ? ed to". MODE(S) FOR CARRYI NG
QUT THE |vWvrpdddfoilagmist hat t he present invention nmay be nore clearly

understood it, wl.l now b e | ] Qndne foll ow ng
exanpl es: 15&@&%%31&1” %fv*age(r:?nctfééf cggg%ﬁésh%(ggﬁﬁvgg&gﬁgl Fclgnon I n NFC m xes
cont ai ni N@mberd fRaEeisdaling thatgpeand cowentdpthésonsituegn dinmgpstFhsed@ m x rati os

representing NFC m xes at re t led.i.n. prior art , ie 1:6, 1:8
and 1:9 bBYRGBH ‘F@“\?B‘Irﬁﬂ?é’fbg t%%%ﬁgrgo%w)é%ﬁ)@ew&%e@tf%e)r(xs design data 20
corres poqg,' Sbifit9 of A€ 1ob & RBanAhdhetict ifdtfe aggrépateipantitied ta theakdlesdnd Table 1: M x

design of° NFC mixes with various mx ratios Mx Ratio Porosity, Density
Cenment Agige FRepheelsit NFC M x( by vol . ) %g/ nBContent 1 per nB of nix 1 per nB

of mx > (GROBRE {AEHRRAPRFRE ohEAHsE IRbSANMHS dEsfiptRA afilthe

claims, the words ‘comprise’, ‘comprising’, and the like are to be construed in an
10 inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense
of “including, but not limited to”.
MODE(S) FOR CARRYING OUT THE INVENTION
So that the present invention may be more clearly understood it will now be
described with reference to the following examples:

15 EXAMPLE 1:
Effect of cement additive addition in NFC mixes containing high aggregate
volume on core/skin bonding
Three mix ratios representing NFC mixes that were mostly applied in prior art, ie
1:6, 1:8 and 1:9 by bulk volume of cement, were chosen. The mix design data

20  corresponding to the three mix ratios are shown in Table 1.

Table 1: Mix design of NFC mixes with various mix ratios

NFC Mix Mix Ratio Porosity, Density Cement Agg. Sontent
(by vol.) % kg/m’ Content per m’ of mix
per m’ of mix

Cement ] 27 1733 200 867
Aggregate 6
W/C ratio 0.61

Cement 1 29 1667 155 894
Aggregate 8
W/C ratio 0.64

Cement 1 30 1633 140 905
Aggregate 9

W/C ratio 0.66




Cement 1291667155 894 Aggregate8 WC ratio00.64 Cenent1301633140 905
‘Aggregate9 WCratio0.66 1 0 JUN 2001 WD 01/42164 -8 PCT/ AUOCO 01524 T o
sets of m xes were produced for each mx ratio using nmachi ne m'xih@.JUg@
set was conventionally produced as in prior. The other set contained the
cenent blend additive at the addition rates shown in Table 2. Table 2:
Cenment AMRMAIGE addition rates in NFC mixes 5 CemerkCTAYIMPY e

conponent Mat eri al descriptionAddition rate Organic polyneric

materi al : Cel | ul ose ether0.07% by wegight of cement Air entraining

agent : Ani oni ¢ surfactant0.03% by wei ght of cenent The m xi ng sequence was
as follows: @) MAbEhix&WhrERORAL BAGLE hSatAlsRg addask mirdgabhowed to m x and
generate foam 10 b) Coarse aggregate were batched and al |l owed to wet
fully. ciet @srentenigrs!lnpiodugedasdn prioxi Py ofbsssebenntaingdihg cemadt plend) | aggregat e
~were coated. w.ith f ' Pr ot ot ype sandwi ch conposite walls
(2400 mﬂ%gﬁaw%ﬁ%?ﬂg‘%%ﬁg’gﬁgﬁ%%&m thick) conprised of thin fibre

rei nforced cdimblet2: Skmens additive ddditimgatetie®IFCanivad/ t rack framng 15 were built
and wad | cavities were filled with the various NFC nm xes produced. The wall

conf i gur BELARE.RR, Qrpieh OT Mblelimidbstistioks Ski N/ Chddhisond out qomes ar e
shown I n t

, — & COLTEesponding 1o . filh various NFC
mx rati g&%@lﬁ m )fn?egg(mg?r@: Pro 4éq\ljulog’e): ether Y 0% l))%wgléhk bfSEme
Air entraining agent: Anionic surfactant 0.03% by weight of cement

The mixing sequence was as follows:
a)  Water and cement additive were added and allowed to mix and generate
foam.
10 b)  Coarse aggregate were batched and allowed to wet fully.
¢)  Cement was added and mixing was continued until all aggregate were coated
with foamed cement mix.
Prototype sandwich composite walls (2400 mm long x 2400 mm wide x 100 mm
thick) comprised of thin fibre reinforced cement skins fixed onto steel stud/track framing
15 were built and wall cavities were filled with the various NFC mixes produced. The wall
configurations and details of NFC mixes vs skin/core bond outcomes are shown in Table
3.

Table 3: Data corresponding to walls filled with various NFC mix ratios

Hardiflex 6.0 450 1:6 1733 without debonded
Pro additive
with additive bonded
Hardiflex 6.0 450 1:8 1666 without debonded
Pro additive
with additive bonded




1; 6 1733 without additive : with additive Hardiflex 6.0 450 1:8 1666

W thout Pro additive with additive debonded bonded debonded bonded .1 O
JUN 2004 WO 01/ 42164 9 Tabl e 3 Conti nued PCT/ AUOO 01524 10 Jun 2004
Har di f1 ex6. 04501: 91633wi t hout debonded Proadditive ........... ... ... .....

IR e e wi th additivebonded Hardifl ex
i 4. 5450 W®HWAREHI t hout debonded additi ve PCT/AU00/01524

~

......................................................... W th

Hardiflex 6.0 450 1:9 1633 without debonded
Pro additive
with additive bonded
Hardiflex 4.5 450 1:6 1733 without debonded
additive
with additive bonded
Hardiflex 4.5 450 1:8 1666 without debonded
additive
with additive bonded
Hardiflex 4.5 450 1:9 1633 without debonded
additive
with additive bonded

(*) Cellulose fibre-reinforced cementitious sheet laminates (trade name: fibre cement)

5 Table 3 shows that NFC mixes containing coarse aggregate ranging between 6 to 9
by volume of bulk cement addition have failed to bond with the composite wall skins.
This is expected as these mixes contain low cement contents (ranging between 200
kg/m3 to 140 kg/m3 of mix - Table 1) resulting in low cement paste / coarse aggregate
volume ratios, ie limited cement paste volumes, which are unable to provide sufficient

10 binder surface area at the skin/core interface to enable bonding.
On the other hand, the NFC mixes containing cement additive components at the
addition rates shown in Table 2 were surprisingly able to bond well with the fibre-

reinforced cementitious skins.
It is hypothesised that the presence of the cement additive in the mix enables:
15 a) efficient wetting of the coarse aggregate prior to cement addition.

b)  generation of foamed cement paste in sufficient volume for coating the
coarse aggregate in lean NFC mixes (cement content < 200 kg/m3).
¢) efficient water retention in the cement paste which reduces water deprivation
in NFC mixes and consequent debonding due to water absorption by highly
20 permeable FRC skins.
d) effective core/sheet bond in lean NFC mixes due to the bonding

characteristics of the cement blend additive.



........................ wi th additivebonded (*) Cellul ose fibre-reinforced
-cerrentl tious sheet |am nates (trade nane: fibre cenment) 5 Table 3 shdwduiN. 2004
that NFC m xes contai ning coarse aggregate rangi ng between 6 to 9 by

vol une of bul k cenent addition have failed to bond with the conposite wall
skins. This is expected as these m xes contain | ow cenent contents

(r angi ng¥@MEWeEN 200 kg/ B to 140 kg/nB of nmix - TEHAEM24 esulting in | ow
cenment paste / coarse aggregate volune ratios, ie limted cenent paste

vol umes, which are unable to provijge sufficient 10 binder surface area at
the skin/core interface to enable bonding. On the other hand, the NFC m xes
cont ai mg}g cerrent additive conponents at the addition rates shown in Table
2 were s P5EAgly able to bond well with the fibre- reinforced

cenentiti ous, SKi tild esence of the cenent
additive in P?i'gabq§¥<°fltﬁelh€cmﬁ?g&%&@%gm%?%ﬁﬂ\%ett| ng of the coarse

aggr egat e priipQliest AmS BPRSHucAWRT mixefihatepulgbngirptd it safdwichasBd cement paste in

sufficient volume for coating the coar at e I NFC m xes
(cement ecwiieswatfora affpysqlig Mgy Whigh the ?"Fec‘f‘ilﬁ@&%”f“é 18 P”%lfh |‘g‘ﬁlﬂ} n the cenment

past e vation in NFC nmixes and consequent
debondgl\lhlh(é\gémd%{lgﬁ\?\‘/gt‘%yirs}én‘i3 gg’?g{l?son by highly 20 perneable FRC skins. d)

ef fecti vgjpg%@ﬁemget bond in |l ean NFC m xes due to the bonding
characteristics of the cenent blend additive. 1 o j U itd, 2004 WO 01/42164
-10 PCT/ AUOGA 01 5@denEXoRerdEe Yolwnans Atk falie yasghosehes WWB‘JE‘%C%nt ai ni ng cement
bl end addi |ve Thi ke x@38 PP ocmit).d be punped
into sandfEHX G&mFT %corﬁ%nﬁt?‘égﬁg[/& fl%qu&% gt g;lstf)ntlg 3\/all in ich the core
infill (NrCcomenbling atdlive-vias dabedathictadditien mtheshguminliabla 4 i bre cenment (FRO)
skins. NFC m x details A 1:7 cenment : aggre ate Vo l.umeric mx ratio was

chosenoas a &vaﬁﬂ%memta@mgea wiggyaga of Ageieepie by E‘fﬁﬁ P&lft = 177 kg/ n8 of
m x, aggre %&5}} biTityDasERoWiBi ABp05. M X) . The cenment blend additive was
dosed at "E atﬁ‘?}lﬁ’f rares shown in Table 4. _
Table 4: Cement additive addition rate in the 1:7 NFC mix
Cement additive component | Material description Addition rate
Viscosity enhancing agent: Cellulose ether 0.09% by weight of cement
Air entraining agent: Anionic surfactant 0.04% by weight of cement

Table 5: Details of 1:7 cement : aggregate (by volume) NFC mixes with various

15 : aggregate types and sizes
Mix Aggregate Aggregate NFC NFC Water/(?ement
Designation Type Max. Size Densitsy Porosity ratio
(mm) (kg/m’) (%) (by weight)
NFC20R  Rounded agg. 20 1650 32 0.50
(Nepean River)
NFC10R  Rounded agg. 10 1725 29 0.60
(Nepean River)
NFC 20 C  Crushed stone 20 1500 37 0.50
(Blue Metal)
NFC 10 C  Crushed stone 10 1625 32 0.60
(Blue Metal)
NFC 10 S Lightweight 10 1200 30 0.50
volcanic agg.
(Scoria)




to Five NFC m xes containing a wi de range of aggregate types and sizes were
investigated for punpability, as shown in Table 5. Table 4: Cerent agdjdn Qa0
addition rate in the 1:7 NFC m x Cenent additive conmponent Materi al
descriptionAddition rate Viscosity enhanci ng agent: Cel | ul ose et her0. 09% by
wei ght of cenment Air entraining agent: Anionic-surfactant0.04% by wei ght of
cenent MoUiawiée 5. Details of 1:7 cenent aggr egatRETARPO/AIFH UMe) NFC m xes
Wi th various aggregate types and sizes

M xAggr egat eAggr egat eNFCNFCWat er_/ﬁ‘e_rrent Desi gnati onTypeMax.

Si zeDensityPorosityratio (m) (kg/ nB) (% (by wei ght) NFC 20 RRounded

agg. 201650320. 50 (Nepean River) NFC 10 RRounded agg. 101725290. 60 ( Nepean

Ri ver) NFC 20 CCrushed stone201500370.50 (Blue Metal) NFC 10 CCrushed

st onel03Baa3fbutiofsBl ue Metal ) NFC 10 SLi ght wei ght 101200300. 50 vol cani c

agg. (Scoria) 1 0 J U 1 20 W 01/42164 -11 PCT/ AU00/ 01524 Wl |

confi gur at i b (IRomwidex 24 i high) Rretotypesandvich wallg inedyridk s ss@etandwi ch wal | s

i ned wi f i n : [ A aldi 17 Bediwb BGtwided t wo

st apl e- PRGBS i€ SRR oy icRika M6 HRESaRiictt valT BMwb SGLUADE 0

( conf b gufixed saodveictawalls icowiigurationseds Slwwd)in Tabddf)e 6: Prot ot ype wal |

configurations Wall M x_1 FRC Sheet St ?%gdsfheet Fi xi ngM x Drop No.

Desi gnati o Type (*) Typda¥adi RgiobPRYa FRIGht
Wall Mix FRC Sheet Stud Stud Sheet Fixing | Mix Drop
No. Designatio ;| Type (*) Type Spacing | Methodology | Height
n (mm) (mm)
Wall#1 i NFC20R : 6.6 mm 70 mm 400 Staple-fixed 2700
Hardiwall™ box @ 100 mm c/c
section
Wall#2 { NFC10R 6.6 mm 70 mm 400 Staple-fixed 2700
Hardiwall™ box @ 100 mm c/c
section
Wall#3 { NFC10S 6.6 mm 64 mm 400 Screw-fixed 2700
Hardiwall™ | C_section @ 150 mm c/c
Wall#4 i NFC20C 6.6 mm 64 mm 300 Screw-fixed 2700
- Hardiwall™ | C_gection @ 150 mm c/c
Wall#5 i NFC10C | 60mm | 64mm 600 Screw-fixed 2700
Hardiflex™ | C-section @ 200 mm c/c
Wall#6 | NFC10C 6.0 mm 70 mm 400 Staple-fixed 2700
Hardiflex™ box @ 200 mm c/c
section
Wall#7 i NFC10C | 4.5mm 70 mm 400 Staple-fixed 2700
Hardiflex™ box @ 100 mm
section c/c
Wall#8 | NFC10C 6.0 mm 90 mm 400 Screw-fixed 6000
Hardiflex™ | C-section @ 200 mm c/c

(*) Cellulose fibre-reinforced cementitious sheet laminates (trade name: fibre cement)

The trial used a 200 litre tilting mixture to produce the five NFC mixes outlined in

Table 5. The mixing sequence was as follows.

10 1.

foam.

2.

Water and the cement additive were added and allowed to mix and generate

Course aggregate was then batched and allowed to wet fully.
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potential difficulties, however, were identified in using such a machine to convey the
NFC mixture:

a)  Line blockage due to aggregate interlock and absence of finds in the NFC
mix,

b)  Back-spraying of the NFC mix and incomplete filing of the wall cavity due
to the excessive thrust generated by the pneumatic rotary spraying machine, and

¢)  Blowing out of the FRC skins (especially the staple-fixed skins) due to the
excessive thrust generated by the pneumatic rotary spraying machine.

To avoid at least some of these difficulties, the pump was operated at a very low
pressure (less than 30 % of normal pressure required for Guniting or Shotcreting).
Pumping was continued until all the wall cavities were filled and the wall were inspected

the next day for evidence of core/skin bondability.
The results of this test were quite surprising.

The NFC mixes exhibit the flow behaviour of loose fill, whilst being pumpable
similar to wet concrete mixes.

The pneumatic rotary spraying machine, which was designed primarily for
spraying dry concrete mixes, was able to pump the wet NFC mixes with water/cement
ratios of around 0.5 by weight, and containing 10 mm and 20 mm maximum aggregate
size without any line blockage or jamming.

The sandwich walls were successfully filled with NFC mixes. Complete void-free
filing of cavities was achieved. The NFC mixes appeared to flow, consolidate and fill all
wall cavities without bridging or clumping.

The staple-fixed walls were able to withstand the dynamic thrust generated due to

core filling without blowing out. Especially surprising was wall # 7 in Table 6 above

aplﬁlcati%nsn%?g \A}apgpgculiatt.'c% n%?%& LhER plnlﬂp IHRRIFERik O ¥Ry (outlined in



6) using a rubber hose of 50 nmdianmeter. The punp used was a pneunatic
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sprayi ng nmachi ne, whi ch was desi gned .prinaril ¥F f.or sbgra ing dry concrete
m xes, wagblaBikovel ThHisipv RSN Rpe his el Vaqrretslde BPP8sMBht  ratios of

around 0.3 6 SHAE the BRHEmGD tHe Hall ifttto # hBEMt ARG 4@p.MM MBXi MumM aggregate 25
size without any |ine bl ockage or janm ng. The sandwi ch walls were

successf ul | ywhaillchvétiks wiith B0NRE crvissod spacit wpteataeesolldfitfed avithowtti | i ng of cavities
was achi eved., The, NFC m xes appear o.flo cansgl i dat nd fill all

wal | cavi®FeEsvaRoMns st S*HF@E’@‘{ wggsw‘iﬁﬁfafﬁ@? Xvéﬁ?égsﬁg‘f)r’%sff"ﬁ&e d wall's were
abl e t,9 Wnthstianghek fRh dYR@hsn beliebtbiudg e 600ah thotld @orinally lsecor e fil ling

w t hout bl owi ng out. Especially surprising was wall # 7 in Table 6 above 1

0 JUN 20Ckcapgiyeibpiirepg sheetbbowgst/ AUOO/ 01524 whi ch i ncorporated a 4.5 mm t hi ck
fibre cenent _sheet.. This thickness is.outsi | range
e bt o g ErRE SRS ek e

conventi onal | in concrete filled cavities.
Such a t homprheeillcd®ith themNPCRikdsy ThENEX prees sgledra thflow conslidate bow

consi der abl y. . I .
and¥ill all the wall cavities without bridging or clumping.

15 Consistent bondability was achieved between the NFC core infill and the FRC

skins thus enabling the sandwich walls to exhibit solid masonry feel.

The resultant core-filled walls exhibited very good surface flatness with bowing
between the studs in the core-filled walls of less than 1 mm.
As a result, it was clear that the low or no fines concrete mix arising from the
20 present invention provided an excellent pumpable mix. The use of the pneumatic rotary
dry mix spraying machine for pumping such a low or no fines concrete mix was also
quite surprising. In particular, the combination of the cement additive along with the
reductioh in normal pressure provide a significant advance in techniques and machinery
for filling cavity walls.
25 Accordingly, it can be seen that the present invention provides a viable alternative
to conventional masonry systems and current lightweight wall systems. It will further be
appreciated that the disclosed panel construction may be altered or embodied in other

forms without departing from the spirit or scope of the present invention.



Filling froma six nmetre height in one lift was carried out successfully
"W thout 5 excessive bow ng, sheet blow out or presence of unfilled core
areas (see wall #8 in Table 6 above). This is very surprising sfgcat 205
test was expected to exhibit sonme unfilled areas near the bottom of the “--
wal | due to the height of the drop. Wall cavities with 600 nmc/c stud
spaci ng were successfully filled without excessive bow ng or sheet bl ow
out (see wall # 5 in Table 6 above). This was entirely 1 o unexpected
since such a |l arge span between studs, ie 600 mm would normally cause
excessi ve bow ng or sheet bl ow out. Theégandwi ch walls (including the

staple-fixed walls) were successfully conpletely filled with the NFC

m xes. Th i ' ..consolidate and fill all the wall
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syst ens. BU-WAbfiu{ngtg,elﬁﬁ GRPY ated that the disclosed panel )
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conpri si n§CTPRsESt7 0P % 6F aviscositynentuneingiageius bi nder, 2-10 parts inert

coarse aggregate,.a C nt'additive in an anmount of between '0.05%0.3% b
ggreaqly ,IgEFE , f y

wei ght of 't he”cHEHERET CRASTHF FHs 2s glimed iredriyeutei oféheprocding tlanas, evherdin . t he
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15 iR agdltlve comprises 20-40% of air entrainment agent/surfactant.

6. A lightweight concrete mix as claimed in any one of the preceding claims, wherein -4
the viscosity enhancing agent comprises one or more thixotropic agents which either

dissolve in water or form colloidal dispersions in the presence of water to produce an

increase in the viscosity of the water.

20 . 7. | A lightweight concrete mix as claimed in any one of the preceding claims, wherein
the viscosity enhancing agent is selected from the group consisting of cellulose

derivatives, polysaccharide or synthetic hydrophilic polymers.
- 8. Alightweight concrete mix as claimed in any one of the preceding claims, wherein
the viscosity enhancing agent is selected from the group consisting of

25 hydroxymethylcellulose, hydroxyethylcellulose and hydtoxypropylmethylcellulose.'

9. A lightweight concrete mix as claimed in any one of the preceding claims, wherein

the viscosity enhancing agent is selected from the group consistent of starches or
. alginate.



2. Alightweight concrete mx as clained in claim1, wherein the additive
-conprises 60-90%of a viscosity enhancing agent. 10 3. A |lightwei tJUN 2004
concrete mx as clainmed in claiml or 2, wherein the additive cor?pri ses
70-85% of a viscosity enhancing agent. 4. A lightweight concrete mx as
claimed in any one of the preceding clains, wherein the additive conprises
10- 50% ofvoaws21@nt r ai nment agent/surfactant. 5. A || BEK/ADGE4 concrete m X
as clainmed in any one of the preceding clains, wherein 15 the additive
conprises 20-40% of air entrainnent_agent/surfactant. 6. A |ightwei ght
concrete mx as clained in any one of the preceding clains, wherein the
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concrete mx as clajinmed in anyone é)f t he p¥§%edi rh?n%ka%”ﬁrher erein the

vi scosi t y3enhdigktpightcorerte mix a5 clamad inapy ooy B BERTTIEC 2007 yer or  copol ymer
sel ectipd 1. JAARR IHRAHR P ARBIN hGiaplonpellivyiottlm ahisaibehs, pol yet hyl ene or
pol ypropyl ene oxides. 11. A'lightweight concrete mx as.clainmed in any one
of the prsdicedi oxyzel aisyiphur gmpewidp wish uj ‘e&f}f‘yd&%‘?%"ﬁfyrfﬁscibigﬁf’r conpri ses one
or nore oraieﬁ)ni C gsg;ciegp\werpr anionic surfactants. 12, A |lightweight

concrete N X lé’sfhdcqral med 1h any one of the preceding clains, wherein the

ai rent r ajNNMRANihRERAL cohdet BhaE tigithel iy bircof greqpupedinpridins, whgreiof sodi um sal t's
of al pha ol efin sul phonates, sodi um | auryl .stul pFéat e or oéwldohonat e. 13. A
i ght wei ght cegishisiony qomppynd dxselepted oty BroupCPREFTE St CAMIOn PR I ng ¢l ai s,
wher ei 13 cements, fast setting or extra fast setting cements, sulphate resisting cements, modified
cements, alumina cements, high alumina cements, calcium aluminate cements and
cements containing secondary compounds such as fly ash, pozzolana and the like.
15. A lightweight concrete mix as claimed in any one of the preceding claims, wherein

the coarse aggregate has a size range of between 5 and 20 mm with 5% maximum
20 aggregate coarser than 20 mm and 10% maximum finer than 5 mm size.
16. A lightweight concrete mix as claimed in any one of the preceding claims, wherein
the coarse aggregate is gap graded as a single size with the highest proportion being
between 10 mm and 20 mm.
17. A lightweight concrete mix as claimed in any one of the preceding claims, wherein
25 the coarse aggregate contains between 0 and 10% by weight of fines.
18. A lightweight concrete mix as claimed in any one of the preceding claims, wherein
the coarse aggregate is inert with respect to the other components of the mixture and is
selected from the group consisting of washed river gravel, crushed igneous rock or

limestone, lightweight aggregate, pumice, scoria, expanded shale (foamed clay) or other



10 the cenentitious binder is an inorganic material conprising calcium
alum nium silicone, oxygen or sul phur conpounds with sufficiq Jﬁxdumpllc
activity to solidify or harden in the presence of water. 14. A Tightwei ght
concrete mx as clained in any one of the preceding clains, wherein the
cenentitious conmpound is selected fromthe group consisting of conmon
portland 15 cenments, fast setting or extra fast setting cements, sul phate

_re5| st‘;vaglﬁfoqent s, nodified cenments, alum na ceng Q’?‘i‘.’“ /Qfﬁ%h al um na

cenments i um al umi nate cements and cements co secondary
conpounds such as fly ash, pozzolana and the |ike. 15. A |ightwei ght
concrete mx as clained in any eihe- of the preceding clains, wherein the
coarse aggregate has a size range of between 5 and 20 nm w th 5% nmaxi num 20
aggr egatiéicigloggdeites sivans &shedrhad-durdQdayseixtisrou fit-Edond blattifafiade mm si ze. 16. A

l'i ghtwei ght concrete mix as clainmed in any one of the preceding clains,
wher ei A8t he coarse aggregate is gap graded as a single size with the

hi ghestq erBQﬂt&z&gﬁQ cpx?ckégsgmlxt%%‘éﬁ%ﬂ irray HH@h(ﬂ“&Q ?eQedéqQ clalxzi whterkin gt vei ght

concrete mx as Clained 1n any one o eceding clains, wherein 25 the
coar se fadgepd bgaing parperea theanik slayewtair(0 @ﬁﬂ%m%lwcmelhghtreagﬁveﬂ nes. 18. A

i ghg wel %?I% e('S-:glli]C I’ase glpcarﬁmyies §1%th sgillgggr% xgan%ﬁe%ugggpagel%tp ?etl@r{gﬁgtgdl ng clai ns,

wher i § rse aggréega e ot her conponents
of the mndiﬁcurlear@nds ip'&xstlcsseisebcwm proafig bgeetsgr oup consi sting of washed river
gravel, crushed igneous rock or |I|inmestone, |ightweight aggregate, punm ce,
scori a20expaisblegishirancety mixarelainesd g any ope efithereceding Jaigs. vheBI WO 01/ 42164 - 16

PCT/ AUQQJQ%;%&C eatlrgtoqubt@{ggregat es such as crushed hard-burnt clay bricks
or air-coo ur nace slag. 19. A lightweight concrete mx as

cl ai megii nAEl@Hm@@Bt daflcrétbleumse&eﬂhdngaxgloab Bithe pibRdigg Elaimb,Ovhelend beari ng
purposes, the mx may contain O to 40% of a thickener, high reactive 5
poz 78| dhfowate i emgat rgtfq i58490fes, water seali ng agents, water reducing

agents,,,setti i fi £ d i ser r water-proofing
agents. ZZZOA%nI%dO %%tirug ga(l:%?n(f:lrcg %}ﬁg%neg{smgc Sgb S?ragldh@ niglnfgamghe of the

pr ecedi atlgch(txigam ths framh foreiand redrifibraveihfrcet ceneatitBng sheets to(fomSa @vigyto 0.8. 21. A
| i ght %econc te.m X é\@?' n recedl ng cl ai ns,
whr ei o8 kraras oG T L g S eRGRE
one part by volume of a cementitious binder, 2-10 parts inert coarse aggregate, a cement
15 additive in an amount of between 0.05%-0.3% by weight of thc_a_cemetitious binder and an

effective amount of water,
the additive including 40-99% of a viscosity enhancing agent which in water either

dissolves or forms colloidal dispersions, and 1-60% of an air entrainment

agent/surfactant adapted to entrain air when mixed with water and/or pumped.

20 23. A method as claimed in claim 22, wherein the entire cavity is filled with the
lightweight concrete loose fill.
24, A method as claimed in claim 22 and 23, wherein the cavity is partially filled with
the lightweight concrete loose fill, the remainder being left dry or filled with another
material.

25  25. A method as ¢laimed in claim 24, wherein the additive comprises 60-90% of a
viscosity enhancing agent.
26. A method as claimed in claim 24 or 25, wherein the additive comprises 70-85% of
a Qiscosity enhancing agent.
27. A rﬁethod as claimed in any one of claims 24 or 26, wherein the additive

30 comprises 10-50% of air entrainment agent/surfactant.



22.. A nethod of constructing a panel conprising erecting a substantially
-rigid frame, attaching to the frame front and rear fibre rei nforquJ N 2004
cenmentitious sheets to forma cavity there between and providing LLe
cavity a lightweight concrete |loose fill conprising one part by volunme of
a cenentitious binder, 2-10 parts inert coarse aggregate, a cenent 15

addi t i vewpnar/gms4anount of between 0. 05% 0. 3% by wei giaT/A8Pp0/g1Bd ceneti ti ous

bi nder and an effective anmount of water, the additive including 40-99% of
a viscosity enhancing agent which  in water either dissolves or forns

col | oi dal dispersions, and 1-60% of an air entrainment agent/surfactant
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| i ght wei ght0% ot edtréinthéndsentfsudfictan?4. A nmethod as claimed in claim?22 and
23, wherein the cavity is partially filled with the |ightweight concrete

| oose fibk9., A methpdasglapmerdin dwiongoflclaims 241ty 2% wherpintheyisggsith anot her materi al .
25 25. A s J i i Bl : j b conpri ses

60- 90% of@%%é%g‘s’ﬁp%%? %J?fg?"ﬁégﬁgg&e‘rgf’tﬁf ag%g’A né%‘ﬂ?ggggg ‘E PhEred I of ai m 24
or 25,5 whefomi eplibidel diselsionsuethe prepencesd svafEOo pBRIBGsfan ingregsesicdsi t y enhanci ng
agent. 27. A nethod as clainmed in any one of clains 24 or 26, wherein the
addi t i ve "SEMMA%s 10-50% of air entrai nment agent/surfactant. WO
01742164 PCTL Ak g%%ﬁﬁed_’iﬂ';ly%ﬁc of 14V 730G 2 A hEk ARk bty any one of clainms 24
to 27, erein the additive conprises 20-40% of air entrainnment

agent / sueiflaodizgagent BGelegedfemhibelgrasp whudting of delulesgdersiativesf cl ai ns 24 to 28,
wherein the visepsi - e t conprises one or nore thixotropic
agents m?&%“!é‘??‘ﬁ?# Eyéfhgtgcg{}\g)‘lea&il“ﬁ @o te_?g' 5 or formcolloidal dispersions in
the pnesencea afethb@hs@aih@ iPErWAE 6f hiiind 7406 8@ SBereln thehgscosty SCOSi ty of the
water. 30. A nethod as clainmed in any one of clains 24 to 29, wherein the
vi scosi t ynhapgirgagent igelsgetiron e gepreopdding poivdionengmdspulesnsi sti ng of

cel | ul osgyderkyatdMRse and RHr$SBOFNAEhHSIRLsSY Nt het i ¢ hydrophilic pol ymers.
10 31. A %%ﬁaas clea%nrregluri)ﬁaa?l@ on§e1 of ?:I ainms 24 to 30, wherein the

vi scosi t 82. enhried RGlagarh aiysons of @Gihezh b B pmhefem thrasepsitgonsi sti ng of

Eﬁ{ 3§§ gﬁwt hy! ilixgea(gc el lﬁxi; :is?’sglgétgﬁ %d{hgé%ﬁg nylgel LHlose and .

15 33. A method as claimed in any one of claims 24 to 32, wherein the viscosity

enhancing agent is a synthetic hydrophilic polymer or copolymer selected from the
group consisting of polyvinyl alcohols, polyethylene or polypropylene oxides.
34. A method as claimed in any one of claims 24 to 33, wherein the air entraining

agent comprises one or more nonionic, cationic or anionic surfactants.

20 35. A method as claimed in any one of claims 24 to 34, wherein the air entrainment
agent is selected from the group consisting of sodium salts of alpha olefin sulphonates,

sodium lauryl sulphate or sulphonate.

36. A method as claimed in any one of claims 24 to 35, wherein the cementitious
binder is an inorganic material comprising calcium, aluminium, silicone, oxygen or
25  sulphur compounds with sufficient hydraulic activity to solidify or harden in the

presence of water.

37. A method as claimed in any one of claims 24 to 36, wherein the cementitious
compound is selected from the group consisting of common portland cements, fast

setting or extra fast setting cements, sulphate resisting cements, modified cements,



32. A nethod as clainmed in any one of clainms 24 to 31, wherein the
viscosity enhancing agent is selected fromthe group consistent of ;
starches or alginate. 15 33. A nethod as clained in any one of cl aitn@ J2X P@ﬁ
32, wherein the viscosity enhancing agent is a synthetic hydrophilic

pol ymer or copol ymer selected fromthe group consisting of polyvinyl

al cohol swopd2yet hyl ene or pol ypropyl ene oxi des. 34.pchvAameéiied as clained in
any one of claims 24 to 33, wherein the air entraining agent conprises one
or nore nonionic, cationic or anionic surfactants. 20 35. A nethod as
claimed in any one of clains 24 to!%4, wherein the air entrainment agent
is selected fromthe group consisting of sodiumsalts of al pha olefin

sul phonagkaina cameiity, high alypipp camenisHalcBmAlunypatgieagat and cggents\ net hod as cl ai med
in any Oggntémcnn @?d&y%&nﬂoﬂné@uch%ﬂ{' Qs!hnpotz Q?anﬁ;gmlrfgllktﬁ:' ous binder is an

i norgani c mate conprising calcium”™ alum nium silicone, oxygen or 25

sul phur G@Wpﬂlﬂr&dfédw&dﬁm&lﬁ%ﬂﬁdn@ﬁfdhﬂxdﬂ%hﬂGwhaﬁetritldddo)irs&ﬁggb‘e@hﬂ:dify or harden
in the presence of water, nethod as clainmed in a e of clainms 24
to 36, whay®iis f%"r&%"%@ﬁ’é’ﬁ‘t??‘l"&&@ 85%6&}4&*11“@ %@F@&%w%ﬁ% he group

consi sti ngm 4 PO HRIMRRihdr afl s aRMBRt s, fast setting or extra fast setting
cenents, sul phate resisting cenents, nodified cenents, 10 JUN 2004 WO

01/ 42164 39.CTAAH€}Xaﬂ@s1.&2ﬁedxi18n3admmf damséctmﬁﬂ,syheiwghe @lalsmgga:gatenent s, calcium

al um nat e cener enent.s. containin econ rrpo s such as fly
ash, poz23$R&H %\‘ﬁiﬁ ats’ﬁ’%lelmF‘f(‘gnh @%gglﬁsﬁ?ﬂ%g E‘?n@? g aggéione of clains
24 to 37,mmherein the coarse aggregate has a size range of between 5 and
20 mm wi t h 5% maxi nrum aggregate coarser than 20 5 nm and 10% naxi num fi ner
than 5 nm0si Aaneti® as dhaimmed in@uly ens of ¢laimsr4itoi 3R, whegeirpthecosfse adesdgats 24 to 38,

wherein the .coarse graded as a single size with the
hi ghesf) pP'&aIBS%t%eﬁnggﬂl@% V“\;\‘/"é%1§ t%%Qm"n and 20 nm 40. A nethod as cl ai ned

in any ong of fdudliABcldthed @ adPenc\WN@AiR D4 11O, WIRASE: AEEE ge 10 contains
between 0 and 10% by wei ght of fines. 41. A met hod as clainmed in any one of

cl ai ms 24S inert woh regpeetrte the othprcoppenests ofthgymixtyst avd i sglestedfram et h respect to the
ot her %%Qﬁs?stlﬁg f{v{%ﬁwmﬁ% léfa@el %&h&aﬁg&%s%&%@ hi&]Eé@Hﬂﬁb hipgtweghoup consi sting

of mashe rrver grave crushed 1 gneous rock or |imestone, |ightweight
aggr egat exggnogatd, pemics e@rla,&XPae&qéahMasﬁéﬂ@')@f @bﬁ?ﬁﬂ'ﬁelpldwfegﬂtesot her artificial

aggar eg@t &8ch as crushed hard-burnt clay bricks or air-cooled blast furnace slag.

42. A method as claimed in any one of claims 24 to 41, wherein for load bearing
purposes, the mix may contain 0 to 40% of a thickener, high reactive pozzalanes such as
silica fumes, water sealing agents, water reducing agents, setting rate modifiers,
hardeners, plasticisers or water-proofing agents.

20 43. A method as claimed in any one of claims 24 to 42, wherein the water to cement
ratio is 0.3 to 0.8.
44, A method as claimed in any one of claims 24 to 43, wherein the water to cement
ratio is 0.4 t0 0.7.
45. A building panel comprising a substantially rigid frame defining front and rear

25  faces, front and rear fibre reinforced cementitious sheets attached to the frame to form a
cavity there between, the cavity being at least partially filled with a lightweight concrete
loose fill,

wherein the lightweight loose fill comprises 1 part by volume of cementitious

binder, 2-10 parts inert coarse aggregate, a cement additive in an amount between 0.05-

30 0.3% by weight of the cementitious binder and an effective amount of water,



15 such as crushed hard-burnt-clay bricks or air-cooled blast furnace sl ag.
.42. A nethod as clainmed in any one of clains 24 to 41, wherein for lot?%N 200k
beari ng purposes, the mx nmay contain 0 to 40% of a thickener, hi gH

reacti ve pozzal anes such as silica funes, water sealing agents, water
reduci ng agents, setting rate nodifiers, hardeners, plasticisers or

wat er - prwohiagesagent s. 20 43. A nethod as cl ai ned ircravvgomsee of clai ns 24
to 42, wherein the water to cenent ratiois 0.3 to 0.8. 44. A nethod as
claimed in any one of clains 24 to 43, wherein the water to cenent ratio
is 0.4 to 0.7. 45. A building pan‘e'lg'corrpri sing a substantially rigid frane
defining front and rear. 25 faces, front and rear fibre reinforced

cement i t i ousheiddidyeinguding4{P" of avinsostty gbvancing agt whigh iInvler ¢ifhet her e bet ween,

the cavi fysoRel fidods clﬂﬁfi’cﬁ}: dlﬁﬁfﬁoh@idﬁ%ﬂ -dobd df @gaiy\énttrﬁnﬁe[{t 'a@:lﬂyéﬁﬁfh%t concrete

| oose fill, wherein the Iightweig | oose fill conprises 1 part by vol une

of cenentdapiedtpentrain pigwhen mixadyvidayates apdqePrmpsdar se aggregate, a cenent

additive . in ap .amount between 0.05-_ 30 0. 3% by wei ght...of . cementitious
bi nder af a’?‘ng‘égf"@@f“?ee/@ clﬁ'fB'iiﬁP clgim 4eat ?’?‘“%‘Feﬁﬁ%ﬁ'@g \7@1?511‘7' 54
PCT/ AUOO it vdiRretd1Bosaddi ti ve incl udi ng 40-99% of a viscosity enhancing

agent which in water either dissolves or forns coll oidal dispersions and
1- 60% of 4an Abuvildamgtpazel asmbainedsig elatnl 4anfl AG wherein thedayitydepartigllignt rai n ai r when

-60% of : et $14mf 46:vden (rain air vl
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| oose fi lahothefthatedalbui | di ng panel as clainmed in claim45 and 46, wherein the
cavity is partially filled with the |ightweight concrete loose fill, the

r emai nder8beh hyjldingfranepycladmed injpnyeene wf ¢idims dhigtikarhereinthat petion ofg. A bui | di ng
panel s ) iRtk EorleiiBe APhds ondhringBEWEiNDol406t POTtion of o
t he cé@i ttkgsch‘l” Ie&a%t?ﬂwgl%%}ﬁt%éeght t(3:oncretne 1i“:)gose finII has, on curi ng,

bet ween 2Q+di0fs bljintedrmpeedgfordstybids.connect ed pores/ voi ds. 49. A buil ding
panel as claimed in claim48, wherein the additive conprises 60-90% of a
vi scosi t Yenhirildingpang)arplaimegyin claim . whereg “ﬁéﬂ‘gﬁ“’ca@m&‘?sg? @eg}ﬁs n claim48 or
49, wher g RvithsinadRintiny §gegONPri ses 70- 15 85% of a viscosity enhancing
agent .

50. A building panel as claimed in claim 48 or 49, wherein the additive comprises 70-

15 85% of a viscosity enhancing agent.

51. A building panel as claimed in any one of claims 48 to 50, wherein the additive
comprises 10-50% of air entrainment agent/surfactant.
52. A building panel as claimed in any one of claims 48 to 51, wherein the additive
comprises 20-40% of air entrainment agent/surfactant.

20 53. A building panel as claimed in any one of claims 48 to 52, wherein the viscosity
enhancing agent comprises one or more thixotropic agents which either dissolve in water
or form colloidal dispersions in the presence of water to produce an increase in the
viscosity of the water.

54. A building panel as claimed in any one of claims 48 to 53, wherein the viscosity

25 enhancing agent is selected from the group consisting of cellulose derivatives,
polysaccharide or synthetic hydrophilic polymers.

55. A building panel as claimed in any one of claims 48 to 54, wherein the viscosity
enhancing agent is selected from the group consisting of hydroxymethylcellulose,

hydroxyethylcellulose and hydroxypropylmethylcellulose.



51. A buil ding panel as clainmed in any one of clains 48 to 50, wherein the
~additive conprises 10-50% of air entrainment agent/surfactant. 524 QJUN 200k
bui | di ng panel as clainmed in any one of clains 48 to 51, wherein the
additive conprises 20-40% of air entrainnent agent/surfactant. 20 53. A
bui |l di ng panel as clainmed in any one of clains 48 to 52, wherein the

Vi scosi t wo@alienci ng agent conpri ses one or nore thPgDAVIOPISR4 agent s whi ch
either dissolve in water or formcolloidal dispersions in the presence of
water to produce an increase in thﬁ) viscosity of the water. 54. A building
panel as clained in any one of clalms 48 to 53, wherein the viscosity 25
enhanci ng_agent. i.s selected fromthe of cellul ose

derivati 38 X %Bb‘:i”igspgg% A Clt]q"B%d BAYSPRE %%?W%E%Vggopmfef'{lg BEPYers. 55. A

bui | di ng emﬂ@hg @8ntGd Rlet@dfrdnitha pyyuPsudsiiént of irctes ¢8lgimated4, wherein the
viscosity enhancing agent is selected fromthe group consisting of

hydr oxyméf hyh beilding rese as cl&i!yd#ioxmeqnhyf dainb 4§ 1096, veherin the viscosity

hyd yLnet hyl.cel | u - . A buil di
panel 26 BrbEer i npeli ottt AR O P 0 o5 () 1

enhance Ngraug entsisiig @blgﬂh;&dlccﬁ}robnpdl)hexygnmmolgmnmlat exitlesof st arches or
al ginate. 57. A building panel as clained in any one of clains 48 to 56,
wher ei n ti8e fibgidding rapel apgidimprdin gy ‘H’ﬁ@ﬁ%lali“é“%‘ossyn‘l’}ﬁ@ﬂ’l ®e My dr ophi | i ¢ pol ymer

or copol %H??:Lm gzlg@ﬁ:ttcgrq rfsE%Bmorén&ﬁ&‘rbocangﬂ§bxsdtnloﬂﬁ s@baca@byVvi nyl al cohol s,
pol yet hyl ene or ol ypr opyl ene oxid . A building panel as clained in

any one ob. Chauilinggindl @s 55medl\i|ﬂaﬁ)ednﬁ ot“dslﬁmamto senvlieadimthergir agent conpri ses one

or nbre nonionic, cationic¢c_or anionic surfactants U|Iding panel as
cl ai med iSAtaiRyEnbagentdt selepisd frem ihs efogp S‘B‘S‘S‘&Wé’? sqdpm 3 ofja F%ha @ﬁfﬂq} ai nment agent

IS sellgctsgghgngggnsgd}gn GLOURIpRARS sslphéigieof sodium salts of al pha ol efin 10
sul phonat es, odium I auryl sul phate or sul phonate. 60. A building panel as

cl ai mred i6o. ambuodleg pzsheltak claimed @ny onesB¢laimadB &i A, wlhﬁeemthenentl tious binder is
an inor ganl c nmaterial rgl S|Shl|cg ne, oxygen or

sul phur  CEREBHREDREFL! F\a'é'n?rfg?"b r%% “aﬁm’éﬁ% ‘Z’:a‘cé{lc fVITY 6 sol 1 di fy or harden

in the pxegaREllr aip&Inds dith ffficieft Hydiabih a@gwgamﬁhdaﬁmmhzaemd in any one of
claims 48 to 60, wherein the cenentitious conpound is selected fromthe
group corf& REFHG %P 8omon portland cenents, fast setting or extra fast

settlng cae g st hANYt 8uhEslah) B LORTAUE 0 PGk, ccmonts, alum na

cenents, a cenments um nat e cenents and
cementitious compound is selected from the group consisting of common portland

cements, fast setting or extra fast setting cements, sulphate resisting cements, modified
cements, alumina cements, high alumina cements, calcium aluminate cements and

cements containing secondary compounds such as fly ash, pozzalana and the like.

20 62. A building panel as claimed in any one of claims 48 to 61, wherein the coarse
aggregate has a size range of between 5 and 20 mm with 5% maximum aggregate
coarser than 20 mm and 10% maximum finer than 5 mm size.

63. A building panel as claimed in any one of claims 48 to 62, wherein the coarse
aggregate is gap graded as a single size with the highest proportion being between 10

25 mm and 20 mm.

64. A building panel as claimed in any one of claims 48 to 63, wherein the coarse
aggregate contains between 0 and 10% by weight of fines.

65. A building panel as claimed in any one of claims 48 to 64, wherein the coarse
aggregate is inert with respect to the other components of the mixture and is selected

30 from the group consisting of washed river gravel, crushed igneous rock or limestone,



cenments contai ning secondary conmpounds such as fly ash, pozzal ana and the )
like. 20 62. A building panel as clainmed in any one of clains 48 tq06}s.,_‘.=\~& 2004
wherein the coarse aggregate has a size range of between 5 and 20 mMmmw th
5% maxi mum aggregate coarser than 20 mm and 10% maxi num finer than 5 mm
size. 63. A building panel as clained in any one of clains 48 to 62,

wher ei nwighgusigar se aggregate is gap graded as a sipogheoomize W th the

hi ghest proportion being between 10 25 mmand 20 mm 64. A buil di ng panel
as claimed in any one of clains 48 to 63, wherein the coarse aggregate
contai ns between 0 and 10% by weight of fines. 65. A building panel as
clainmed in any one of clains 48 to 64, wherein the coarse aggregate is

i nert wilightweightpagreeateppunkies, srohio expandrdohrihtianmed clenier ptpsttatlifisiahnd i s sel ect ed

or 11 bt S8 SARR e pi BB B0 e S i Ot

aggr egated, RWNIlKGRs pahidl @& dl@meENRAN DT slhinls@s (of 3awkgkit foayohd or ot her artifici al
aggregates such as crushed hard- bur nt fcI a%ﬁ bri cglﬁs or air-cool ed bl ast

f ur nace bSHing PuBgses: ACtRIK Ay PTG 0%t & FRiGHFRSE e SRRV BREPEPScl ai ms 48 to
65, Wherginhskdta fufied walBR4link dedRt! WASQEucihf Srehts XetlBYrakoiddetiers, 0 t o 40% of a

t hi ckener, high reactive pozzalanes 5 such as silica funes, water sealing
agent s, haelersrs, plagtigissrhey aiEmioefinggerting rate nodifiers, hardeners,

pl asti ci sersg ,or, .wat er- proof i ng agents. . 67 il di nel as clained in
any one @f %Ibéﬂl‘ilf'ﬁg bpgel gy clagned WI%@Y g‘l‘enoftc alénsv‘\‘/gtm(;l‘?&g' gerg'éggrré“%% ' ?’ati 0is 0.3to
0. 8. 68.ceMetiitiodd MYopadIel as clained in any one of clains 48 to 67, wherein

the water to 10 cenent ratio is 0.4 to 0.7. .
68. A building panel as claimed in any one of claims 48 to 67, wherein the water to

10 cement ratio is 0.4 to 0.7.



