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TECHNI C@? F) ][:1%)65) The present invention relates to cenent ipkipQufodiskd cl es and
particu roll)" ut not only walls, floors and the Iike of |ightweight

construction. 5 BACKGROUND OF THE | NVENTI ON There have been many proposal s
in the past for a |lightweight contenporary nonolithic wall systemto
repl ace conventional nmasonry walls. Lightweight walling systens provide

signifi advan ng REftigNl arly the reduction in

| oad pl iﬁﬁiEon fohﬂ%gﬁ\gﬁé% |i§QF1%§Sgr oved particularly difficult for
external wallin Sést ens which require equivalent durability and | oad
bear i ngTEapRY Y&ELddnventional masonry. The |ightwei ght systens nust

also be hi gl y fesh St Mliol RAHATBIE LRGBS ARAR ant BeriTBlatly banabt caboust i cal Iy

efficient and®BUEPYHATS F ST “Appl I cation of different decorative finishes.

TraditiQpal fRwsd SEhalik®of Baitweighsdonkiredionabour . Many repl acenent syst ens
strive 15 to be quicker, sinpler and | ess expensive to install and |ess
deperdeBAGRGRKIUNBOR AHEUNVENFION t e construction can produce |ightwei ght
wal | or floor panels for subsequent . LR ShiitBmpdiagnsport ati on
costs with SGel gy WaWoQKBB%PE %Fﬂeer}%%gér?lt ?lﬁlgante?gll nsitu %trjli | di ng

Syst ens nﬁ{n%nﬁ{i@iw%ﬂ fsféieﬁh% ropRick QU ehBaED Rfasonky andleoL ightwaiphtcwsltisg ar e reduced
and the'in situ systens are also nore flexible in theé}%l%]lpeggof wal | or floor

whi ch capsibas aRvidensgrificineddvafitigesyest SeeTir 88 PATIcYlRry 19 pe
installed in the wall during construction rather than subsequent
i nst al | deddoplacedipaforpdadiopyy construction of |ightweight walls, for exanple,

began with the so- cali ot dry Wl SHSheFhal williisy watns eldcidwiqote wal |
corrpr”? sed o?ﬁl}l?%é’gg\géflpg&ecg rbyfrar(r:i ng with thin sheeting of gypsumor fibre
rei nf or cadivaRAEMiraBilitpaticidad herieg capaFie tognnantionehppedpry-e kb ned hol | ow. The

systemwas limted to internal partit.ioning, howsver. u i very | ow
| oad bedightyeighipastiemy myshalko ¢ hk!!&}[YaIBPIP‘iaPS}O 1% Oﬁ‘aﬁs@?gTﬁ“eehgaﬁl |"|ﬁ“cdant has

previously proposed. a. system.f i five fikikleR. a
i ght miagﬂvﬁaa& Bijicicde B rdbls 1y %?935&{0?‘%& %égm}@%%(gatl he void formed

bet ween two i, Bfi8nalGoNERE aBbeafusreSkitied idbedr. dviagy feplavementisygledy ST/
STorny. 1o beq e il o o oxtaliomd Tess depe %dntvglfsrlliilﬁe%qago%.(zr ete
sl urny. to be quicker, simpler and less expensive to install and less depende

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 shurry is pumped into the void formed between two fibre

cement sheets supported on a frame. This system essentially requires the entire wall to

30  be filled with the concrete slurry.



WD 01/42164 PCT/ AUOQ 01524 -2 This system has proved quite efficient in

terms ofwggpiski ¢ and thermal insulation, durability angcpasesssd eel . |t
does, however, require substantial quantities of cenentitious material.

Additionally, since the cavity is essentially filled with a nonolithic
cementitious bl ock, water cannot escape frominside the cavity wall. 5 The
cost of |ightweight aggregate is also quite high and in many cases is

difficult tg,mx. | deFi O iRHGHR of hOORIO N PiBernd) RGHOLOUS

m xture. It f@s%ﬁ%%}lgscﬁmg%&@ﬂ{eé%{;gseﬁt é}ﬁl\%eonti onlto ovgr cone or aneliorate
at | east @nsiligf addhBasodhysey dndegelsovadvet, hequbreisobstantia] qeantities ¢fr ovi de a usef ul
alternative. DISCLOSURE OF THE I NVENTION 10 In a fi rstl ﬁs"gﬁﬁt t he present
i nvent i ocenpangitipdematsripl. ghddiionly. Hpsrcthe cavity ix eysgrtially Iy panel
conprisin part by .vol of [ L] j 2oikOwRArts inert
coar se aﬁ‘gpé&giceﬁeng}ggté%;{}qg%dma%rggrﬁﬂgéac%bé;ﬁgﬁﬁwg{{ bet \\I/%eg}g\ﬁ 0. 5-0. 3% by

vei ghty of t hep. cRIBNEsHHVest Righelake Batoapitehiggchnd wemanpuats sfdifietisr, the
addi tive including 40-99% of a viscosity enhancing agent which in water

ei ther {bBmik wibhvesewitidusbirsier il providak hamopencoPoektiuignd 1- 60% of an air
entrai nment _agent/surfactant gg]tagt ed to entrain aif th wat er

and/ or punpel.1S phobjeetat hHoPTEIERL I e G0 SYEICRIRE mven?rlméﬁd%e;%t)\})l%gé)\gﬁta net hod

of const puct LR kS hogiRAGEfNGIta@n&Mest anti al |y rigid frane,
attachi nS}é?%‘;a?ﬁdé@? %ﬁghﬂ?ont’ andbr e:ar ’ fibre reinforced cenentitious sheets

to form ®IS@LOSYRMOF HIIMEENTAONW providing to the 20 cavity a |ightweight
concrete loose fill conprising one part by volunme of a cenentilious
bi nderg 2- 101pafits aspret, thaopesentinagefragapedesa behifwgighheriictsts/@1% ¥Tan anmount

of between 0.5- 0.3% by weight of the cenentit..ous, .hjnder effective
amount ofbuilding pang! GEMRHHNE il\Pé‘“iWc‘foﬁ}HFﬁ& 9166-%’&}318?5 %R%}S%cl)(s)?)tg ‘35 gl%ﬁanci ng

agent which in ' div3SQLN 85100kt JrekfTees 0l J-0ndaby Weighestthens, and
1- 60% of “8H &} gﬁ%}a{?{,gﬁhﬁgﬁt{ad% agent/sgrfact ant adapted to entrain air when

m xed W tBmbaieus didepaindangrédivd heoappifivegart has found that the use of a
|l ow or no fines concrete mxture for a buildi nglgpanel lﬁr ovi detsr %{hgpl ficant

advant ages ovlsraddifavegnelgding A0-99Re 0f 4 Miscosity seharBergent yHIch BNTY B, ysed
to provide ext ernal .li.ghtwei C ] cedure invol ved
costi 0y hstenis GBS pol gl ep i, SROCEGK ST MRLY entFARmRHC

her conventional for mwor O waiting for the mxture
to cure, SkidRRbAentdA8EOIMRIakn AP dhtRafixddewitie nateg atdier meped.

In a second aspect, the present invention provides a 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

20 cavity a 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 0.5-
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
25 agent/surfactant adapted to entrain air when 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,

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



WD 01/ 42164 PCT/ AUOQ 01524 -3 surface. This |last step was required since

the no {] raﬁng?ncret e wall is essentially filled wth yeirggobeispeen the
coat ed ggrega e particles. Several problens arose with such previous

met hods, however, including: a) the need to maintain the formwmrk for
extended periods (up to two weeks) 53until sufficient strength had been
devel oped in the mxture. This was due to very little cohesion existing

bet ween the coarse regat e. 1] j it lfgle@r no fines
PR TR S L S S A A e S A R

cured cQpf vhrQUSech e @stcandegatp@ritietts. of time due to the linited vol une
of cenment binder coating the 10 coarse aggreggte and jtﬁldsuscepti bility to

dryi ng par t Sevetaiprabléms ahose with wihdyreviewiaFbpeh SOWEYeryREN i ed as ext er nal
wal I'ing, this conventional wall

was suscept | bl b & WEwkdrgy ess from
the out si de?)duePEGeehi TREPEE (hS I OIBYC! ?grc%#r@g(?g%&dgg%s exi st | n{; inits
honeycombed st rHr‘&hﬁEﬁiciﬁﬁ BTN RAeskeAdev@opddiih sSheomidate 1 Thiatwisahistio par ti al | y
be renedi ed by rendering the 1nner and outer wall surfaces. .Not only was

this quite expenai\lstle tuhasiveexisting bitweersdia cearse PRETSEHHPRTUIEBE HPE ng

properties of the no fines congrete | through.clgsing of the surface

pores and !ncreﬁ@l‘fer\ﬁelietl§5ﬂ%rr%q IVSterﬁmb‘? %%péﬁﬁerg%%ﬁleeglant has found a novel

m xture whi %2 ?hﬂeorwﬁﬁég%oﬁ‘&g{e%gért@bé Rois? Qurb@ BshiblisiMfdérlexeadéd ot her and t he
€

FRC sheets rame, and overcones or at |east reduces sone of the
difficulties aspegbdtdding due todmiemitedovamaof témed binsleeeetisg (FC)  by: a)

providing inpact resistant wall skins to act as per ent fo YL and
avoi th t he need toaragpgeregite A ifsYSERHELLIHHY ﬁ@ﬁtpaﬁbcmhgllngfy éormﬁl\grk; 25

b) providing the V\?H skins to protect the curing mxture in the wall
cavity thereby &98¢'dPWy the need for continuous noisture curing of the
core; c) prQyi diyigndisSdRoderpaltvedllisy nfiscenwitiona hallwedsisusdepillef® avoi d t he
need for rendering, prevent noisture ingress. and r’iai ntain th coustic
performance of méisturmingieneBowaheputside due toghe frge LlPRRYP codlfle%%(}a]ldi ng

between the no f}go?csssex(l:s%rrrlg rllrtl its %rﬁeyggrgbetcp s‘:t‘ru\é'ﬁllré. KKt HedtdBBve, 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 (NFCO)
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



inventive nmethod is quite surprising. Conventional NFC m xes which contain
such high V\l%%l 42164 PCT/ AUCO 01524 -4 vol umes of coarseaemiesat € and
relativ (§/°1I cenment contents are nornally incapable of generating
sufficient binder surface area in contact with the wall skins to enable
bondability. In a third aspect, the pgesent invention provides a building
panel conprising a 5 substantially rigid frame defining front and rear

f , f t d fib i nf. d L ; dtoth
e T TR B o S

il ed vty Aalid ONIMELAYinkR BETRk Ard:A 9B ih bl shirk hechdbht vei ght
| oose fill® conprises 1 part by volunme of cenentitious binder, 2-10 parts

i nert casyngebiliggr egate, a cenment additive in an anount between 0.05- 10
0.3% by wei ght of the cementitious binder and an effective apount of water,
the additi velniathirddspegt, 48 9esnbmventionguesiies,a BHidMEIFE COPRREHR ch in wat er

ither dissolves. or f | 1.0 dal , di ] g i
oht 1 oF nreheCag T PR R Red D ad ] B e far RR0M SRR AL
and/ or pueg[ge?&%goi[ﬂ%eh%gﬂgdéﬂ% El%%n{é B8 8aNiBrBed beereenttht tois sheets may

be attac rame by any nethod known in the art including

gl Ui Ny, B&GHEW 188t pAdialy APlkd nithasightdveghtoedeierloosstfdk nat i onal Pat ent

Appl i cation No. PCT/ AU99/ 00639 which is incorporated herein by reference.
Due to the albseriehelighiweezhticost i compeines t pastiey minae et C?rﬂ"é“?‘@éﬁl ting

mxture is highly porous and is conposed,. of ..coar eoad, yad
t oget her biniderh 2al Ol IRGETROFFSC ABBCBYE LCTIGEE a‘i)%“f/e 18??55 h{é resg Ift)(gnt wal |

panel hayeoexcel 9 9; ' ictivd smélin@bnakice due to the
e&‘éf/? éb %e%gx%ghg %gmpﬁ“tﬁfdug glrﬁi?p;ﬁfd dnYoffectiv €,

prese‘r‘?c y mXx volunme of interconnected pores, and i.% an
excel | ent i ngyyl AHRIvedhduding §0-OBY%aofhi \Grosity emtaneing peené svhight IRiRIETIFENRS x. 1t

may in fact be designed for its draipability for use as. retaini Il on
si de sl ogsolvésorr fexanpilwidalHispeisipes 2 }ﬁgﬂ({/‘i fjag L Pt aﬁ%&%@%&é’% y

fill the |1 cavity i.f desired. . j ¥, the wall cavity may be
partial | 9&%‘?4 t@aenﬁa%@lw{ hg* ?%@%@%ﬂ%@@tﬂ%@eand the remainder left dry

or filled with.auat hef relBtIRE rahfostdeasnidusshyatemey boattachedto tai | e not
wi shing to be bound by any particul ar theory, the appli can‘r.1 bel i eves t hat

the presénind byenthetbodrknawar o the av intbuding giinee srreBg AAE FEPIME & f ace bondi ng

gﬁg t get gﬁﬁqg}%gghlt Iin?errlr?altio(r:lgleggtgn@[‘lAp%ﬁQQ{orx]l &%ﬁ/}\%@b%d@' whitg isement additive

incorporated herein by reference.

Due to the absence of fines in the cementitious binder, the resulting mixture 1S
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



30 npoisture retention in the cenentitious binder in contact with the wall

ski ns. ' t WO 01/42164 PCT/ AUOO 01524 -5 aspect rgeygedodsyu ng of
t he cenl&ﬁﬁy+ﬁﬁk bi nder caused by noisture intake by the wall skin, and

consequent debonding. In addition, the inventive additive provides
excel  ent bondi ng between the variouss5-aggregate particles. It is believed
this is due, at least in part, to the additive providing 5 efficient

vet L ng of § 16,2001, 68818 tRACHRlifiSus WARFELAILOBy HoidutRRAcaRRALI L Ous

bi nder 3SREAT I'cient to coat the coarse aggregate particles, and

ef fici enfid eh@Rédsequeaf deboatime. i n the cenmentitious binder. In a fourth
aspect, thé presen invention provides an additive for a |ow or .no fines
concret e m Xhuadditionsthe irs/ien@VM@Eigg%mﬁVléesﬁ@'él&ﬁ" pondinge PRIV BF VEHORat er

ei ther dissolves . 10 qr. forns .cplloidal dispersi Lils BR% @b al 1

entr ai nn%tﬂfegéﬁé?ﬁt}é‘iﬁ 135’étb§h?veg§§ﬁtlse%uet’ g 1%5?1?}%%’1%;?}6 l gnegi xed W th wat er
and punpsd.; Bk fie SRIRIc] &eositibY ofh hareidrgmagiidusibaniges from
abouty46: 62 oﬂPBgQ, Sggfgrgﬁly fr&%ﬁébout.GO to about 90 and ?till nor e
pr ef er abjny fol@ne alffivteni7® coat thb corrseazgregata partislespandpfficisat reiHoPat t s by

wei ght of the blend. 15 The groportion of said air entrainer is an anount
in the raageinghe cemeRtuOYHPINEeE o about 60, preferably from about 10 to

about 50 and st} Ab|Veftipratiary ar?fiditive fablw dbnfindss by
wei ght per 1BUI%3%PER%§L@gﬁ%ﬁ% o%xfhéﬁg?end. The term "viscosity enhancing

agent” ag,sQd el dniprelngd@sosaef avisorie agelti woth tpvechgtst disstlYeh ei t her

di ssolve in water or which at |east formcoll oi dal i I Si in the
pr esenceooformatelioidd sispersians angf 16¢s © @rPHHﬁFﬁﬁH8%m§%u$ﬂ%$§§§éggﬁuﬁhe

viscosity of the water. These. ] | I ul ose derivatives,
poIysacpﬁ%??ﬂégVﬁﬁa?uéV%Wﬂgfﬁ%%%§g?ggwgfic pol ymers. . Exanples of cellul ose
derivatives ggehpottibnidT8aidamgResitt érdancihg bfens rangeeiiohahout pabeut 99,

hydr oxynet hyl cel | ul ose, hydroxyet hyl cel | ul ose_a dr ox opyl hyl 25
cel | ul osgrefézablyyitems alofut POty sbasis A8 rN¢Y sl OB R}Ffeiffﬁ’%f H‘émcag’ﬁﬁ‘o@q & %ﬁ“tgg this
invention include starches and al gi pat anpl es of synthetic hydrophilic
poIynerspaﬂ%b%866$9ﬁgﬁ98ﬁggfEY“FHﬂgﬂgﬁmg%wgésition of this invention

i nclude pol y"ﬁh@ﬂop%h%hﬁ" saRNGr QRfawRt Dydreieovanth 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.



30t pol ypropyl ene o?i des. WD 01/42164 PCT/ AUOCO 01524 -6 The term"air
entrain t" (AEAs) refers to surfa ti

. agsat” S) | ce active agent nts

whi ch ag{&f %a'entral nair in the conposition as it is m ?ecfjﬁtﬁoﬁqi\zgter)
and/or punped. AEAs used in the present invention nmay include one or nore
noni oni ¢, cationic and anionic surfagtants such as sodiumsalts of al pha
9I efi n;a. ts_ul phonat gs and sodium lauryl 5 sul phate or sul phonate. The term
cenentitio i nder." as.use r g NBBRS, hfade ROH G4 Yeht Rictaat whi ch
conpri se cpﬁ%@ﬁfﬂ% Kol erg%almcl%%erﬁgl @n%sl)um g?l i c%dﬁ, etgxygeen,sqgﬁdlcor S’Zul fur
whi ch  exhikhtt o BYGLiaUiis tRGopobivion bhAts mixedwhithcatseandéai juehpedd har den i n
the presence of water. Cenents of this type include compn.Portl|and
cement s, ARAs tissBhtthagresant ewention may ingBide opg O MOTERANMIEG- &21UYT 889 ng cenent s,

nodi fied cenents, alum pa cenent i j b i | um
Content s reE BB R R copra sl it enasRORRAL & sofbElauffl 51 T nat e

pozzol a”&éﬁ{&i’e 51}'5%}3{1%5%& The term "cenentitious binder” as used herein, also
i ncl udes nmat er | Identified as slag and m xtures thereof 'With Port | and
léS

cenent. 15 Thi feanfeémeanitions Bigderdgatised heefivmseans atl lrorgyt BgHT8'Spei ng i nert

with respect to other conpopents of the m xt.ure. i d and
ungr adedwhis§reemmriee sQrepPURES OLEAlHIG: PIPTEF Y, %b% o Oé’%eg héﬁj/#gsﬁggggﬂ{rigck or

| i mest one,, .|.i ght wej .a )  ca P
V“’qlg%t% {RAAL SyhiBHEH S8lid arfiORkdch in epprastade shabter. (f oaned
cl ay) anﬁl’&hdl?lhg‘?ydé? Nt aggr egét es, c;u?shed harld- burnt clay bri(cks or

?r Ir E cool €Gr§_@h@$ﬂf t}fislfy@agxezhsdeagmrﬂldn Pordéiet ceimeptst fasssafine@rexin dast 8t ng 20
teria: Size range: mmto 20 nm i mum % coag ser ize: 59
g/gm _mupmI 9glphateresisHag cemeni.gnodfied guperih “FH‘é"’a?en%e&gsr g‘%eg fé%f?@%&?’@e%‘?"aﬁi ﬁS i g_/o
single size . (gap, grade | [Welc - QRQGLhE bRapat duehween 10 mm
to 20 nﬁlcﬁ%?léwaﬁ‘gceﬁ?e gs)rr%nr%\lgfe f“%‘é@,‘ﬁgﬁ‘%"é‘%‘& y zez?g.c T gﬂle{m%ad beari ng
capacity 9raslt1, shethnmhenkal is between approximately 5 to 20 MPa. To

aesistin O%‘he t‘c)e?rarlr‘!cre]r%entgt?o%s lblingdreli”\/\aﬁ,lugsgcg he(:rgirrrl?glgé }nici)u %s %a?err{aﬂderqg%ec{ ncl ude
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



30 0 to 40% of a thickener, high reactive pozzal anes, such as silica funes,
wat er sgabiogh P 01/ 42164 PCT/ AUO0/ 01524 -7 agents, wat pet/a®dedistg agents,
setting rate nodifiers, hardeners, plasticisers or waterproofing agents.
The initial quantity of water in the cementitious |oose fill will depend
upon a nunber of factors including tHe type and content of other
constituents. In nost cases, a 5 water to cenent ratio of 0.3 to 0.8 and

preferabl,y, O, rOanteird htelRoBRSY! BirdiheRaPlabtidiserddr t he | oose fill

Hisf et
and adhesron g‘fatt%he agggrsaeggats’e epar icles to thenselves and the FRC sheets.
Unl ess t Reuidipidbeixg agdrear |y requires otherw se, throughout the description

and the clalins, the words conprise', "conprising ,.and the |ike are to be
const rued i nTha inigal; %P’ih%’i(\fé“’aé"éﬁ%@eﬁnﬁﬁB%ngdo?%qghwg%pﬁg$9%o%% exhausti ve
sense; that ,is say... i.[: " LG . Licaidsesl to".
MODE( S) ﬁ&@b&%@1% H"Fggﬁﬁ ﬁ@%ﬁﬁq E‘ﬁte ct)OLfi g%ltg Xd%dr?llgmﬁ)lrggg eg?ﬁlionventl on may be
mor e ¢ eafdidr tyReaEStraasof 0.3 DI8 apdwrdferablgast o heds wiffitiented ensnce to the
foll ow ng exanples: 15 EXAMPLE 1: Effect of cement additjve :f\ddi tion in NFC
n xes compuaipabitigy bf b lengg fitlgad adhesinm efehepeesegaly RAEH %taﬁﬁ?fﬂ%j YIRS i x
ratios regrgﬁgnsgin NFC m xes that were nostly applied in prior art , ie

1: 6, 1:811H%H 9y bul k vol une of cement, were chosen. The nix desi gn data

20 correspondiifigstiRe tdifesl RIBRY M qtireabihesyise, Enrslighat ihe dEabipeod andtisl e 1: M Xx
design of NFC mxes with various mx ratios NFC Mx M x Ratio Porosity,

Density GaaimntthAggrdconmerite’, (comprising). and ig/like acoiettstENPEIEI BB i x  per
&8 of l(r)n' Xirui:l:ugsivel:vI sé(nsecgstrglg]};[osgd t2c)7an1e7x%ﬁ’1512vg%r g%austﬁ%gsreg ?]Eh%t g tgvsgr,ﬁr?{ﬂe%egsetﬂ 18
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. gontent
(by vol.) % kg/m3 Content per m” of mix
i per m’ of mix

Cement 1 27 1733 200 867
Aggregate 6
W/C ratio 0.61

Cement i 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 1 29 1667 155 894 Aggregate 8 WCratio 0.64 19 Nix Cenen

t 1 30
1633 140 PHAndi99regate 9 WC ratio 0.66 WO 01/42164 PCTpAMRBIGIEAS Two
sets of m xes were produced for each mx ratio using nmachi ne m xi ng. One
set was conventionally produced as in prior.
cement blend additive at the additio®-rates shown in Table 2. Table 2:
Cenment additive addition rates in NFC m xes

The ot her set contained the

5 Cenent additive conponent

Material desgr| Petté 81{}'{1&%? Wef%oﬁ@ée@ fol LR M€ rAR) VRS mécHIR Rikiad.: Okel | ul ose

et her 0.07% by Air entraining agent: Anionic surfactan
t
0.03% b)éeV‘@hQ&an@ﬁu&ﬁH?IptoduIdStEasITh)plrmg Thootbacet wergaiaed fholckowstbled Wat er and
cenent additive were added and allowed to m x and generate foam 10 b)
g(r)lgrse aggn@gat@a@édélongat@mfww% loted to wet fully. c) Cenment was added
m Xxi ng t -nue coat ed '
V\%f%l%l ? ggmg IEitl\Je a%h tloﬁggt'é?glq{lf?%%gs e with foanmed

cement m Xx. W ch co 2400 mm | ong X 2400 mm w de

x 100°mm_thick) conpri qu thin fibre relnforced—ecerert—sitas—Hpd onto

'[SL geilaf_t b[CUlﬁd’n&iﬁKdlfwammgmeﬂIS e Matiial|descaiptiomal | | cavi t Additiggerate f | | Wi th

o OB g pollmERE mledicied. Tf@ﬁuﬁ\@&éetﬁ%@nf i guf ad.0psy avdhdgtands pf NFC
Xes v§-—skih Sore—BeRt—oti-c res—y o t T 1d i@ Japle. et &

cor r espdndi rfbir e¥rAHIA2ECH | | e 2" ol Surfactat 1 0:03% %We‘%hj‘uqf t

configuration NEC M X details Skl n/core Wall Wall Steel stud NFC NFC

Cement bond outcomes skin skin spacing mx Mx additive (comrer thickne
. . . SS
(mt) rathonkling dafehée/waddifbilows: cial s vnl, of k,/nl3

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

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)
b)

20

d)

efficient wetting of the coarse aggregate prior to cement addition.

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

permeable FRC skins.

effective core/sheet bond in lean NFC mixes due to the bonding

characteristics of the cement blend additive.



volune ratios, ie limted cenent paste vol unes, which are unable to provide
sufficient 1 i nder surface area at the ski n/core i nt er abl e
bondi ng 0(%4?]}?@ ot her hand, the NFC m xes contai ni ng cer{rgﬁfﬂ]aoggllsta?ve
conponents at the addition rates shown in Table 2 were surprisingly able
to bond well with the fibre- reinforged cenentitious skins. It is

hypot hesi sed that the presence of the cenent additive in the m x enabl es:
15 a) efficient wetting of the coarse aggregate prior to cenent addition.
b) gener’rﬁiAMﬂ?IEﬂfoarred cenent paste in sufficient volune for coating the

coarse aggregate in lean NEC m xes (cenent content 00 kg/nB). c)
efficient wduemwapisitentths ANHGm¥es e g??&"seflggl\m& %dﬂrléduces wat er

deprivation in NFC m xes an ns.e nt d on absorption
by hi ghly ﬂbﬂﬁp@ﬁtr?é%%lﬁfﬁ%egﬁfﬁémx% 8?‘%08@\)91“2& ﬁtélg‘%‘%\{gféﬁﬁuu n | ean NFC

m xes due GhRERGHRNIES Edt8 rﬂﬁl%\lmﬁmamvembendemahtu ve. WO
01/ 42161133&%%7}&%5981%3&1‘1 10- EXAMPLE 2 Plljr‘rp ility of the NFC nixes

cont ak ni Y sGARRE filre eethead@RC) wkinThi s test ains to produce NFC mixes that

coul d be punped into sandwich wall cavities to forma flat solid wall in
whi ch t hercerig depils! | (NFC mi x) is well-bonded with 5 the sandvvi ch fibre
cenent (FRC) skins. NFC m x details A 1:7 cenent : Iurreric m X
rati o was chadehcemsena: sggmﬂolum@rlwnératiomsmhoa‘ﬁ%@%%@ﬁg f%ﬁt = 177

kg/ nm8 of mi x, aggregate con =30..88 / f /ﬁégpﬂ; bl end
addi t i velnRligndSEReE CoPIRR 2 S ke o e ﬁ%ﬁ“ﬂ"e abog%ﬁ:?* 10 Five NEC

m xes co 48kanae aed d%ﬂg{e%aﬁ@nw@@ﬁmmdnﬁabbﬁ wer e
investi gﬁ‘ Bt %?bga%a 1iéty, ase shown in Table 5. Table 4: Cenent additive

addi tjon ratg Jﬁ'ﬁﬁ@ﬁm&s%o%ﬁhﬁ@ X wideoaBgy ofagdicehte ey s apd niges witkt er i al
descrl ption Addition rate Viscosi ty enhancing agent: Cellulose ether 0.09%
by wei ghinvedtigaeseiot piihpabélityr @i showg imgeble > Ani oni ¢ surfactant 0. 04% by

wei ght of cenent Table 5: Details of 1:7 cene egate (by vol unme
NFCgm xes Wi th varTebk 4: Cement additive addition rate in the 1:7%@[9611% (by )

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") (o) (by weight)
NFC20R Rounded agg. 20 1650 32 0.50
(Nepean River)
NFC10R  Rounded agg. 10 1725 29 0.60
(Nepean River)
NFC20C  Crushed stone 20 1500 37 0.50
(Blue Metal)
NFC10C Crushed stone 10 1625 32 0.60
(Blue Metal)
NFC10S Lightweight 10 1200 30 0.50
volcanic agg.
(Scoria)




15 aggregate types and sizes M x Aggregate Aggregate NFC NFC Wat er/ Cenent
Desi gnati on Type Max. Size Density Porosity ratio (mm / 99 (by

wei ght ) Wge1/44042 Rounded agg. 20 1650 32 0.50 (Nepean d‘%@?ﬁ%ﬂéﬁo R
Rounded agg. 10 1725 29 0.60 (Nepean River) NFC 20 C Crushed stone 20 1500
37 0.50 (Blue Metal) NFC 10 C Crushgd stone 10 1625 32 0.60 (Blue Metal)
NFC 10 S Lightweight 10 1200 30 0.50 volcanic agg. (Scoria) WO 01/42164

PCT/ AUOQ' 01524 -11- Wall configurations Four (1.2 in wide x 2.4 in high)
prototype sandwi ch walls lined with fibre cement (FRC) skins were built.

They ing}aﬂg%ﬁﬁét,y@ti%#sapl e-fixed sandwi ch walls and two screw 5 fixed

sandw cfT . i gurations as shown in Table 6). Table 6: Prototype
wal I confi gugati ong widd k 2M hFé%ﬁ}pﬁh@lﬁbe Stoddliht wallsQhedtwiffi fibrageddent Drop  No.
Desi gnatio Type( *) Type Spaci ng Methodol ogy Height n ( ( vwall # 1
NFC 20 BFRC)Gskinm wilte mlid OlheStizghiideditive stip7ined spdwicharalisand B SEY00 mm c/ ¢
section_Wall # 2 NEC 10 6.6 mm 70 _nm apl e-fixed 2700 Hardiwall T""
box @1@6647%1137"&:‘5%5%@%(B?f‘tjlgmqonﬁfa?ml‘f@ 133[%%&?)6 mm 64 mm 400 Screw fi xed
2700 Table 6: Prototype wall configurations

Wall Mix FRC Sheet Stud Stud Sheet Fixing i Mix Drop
No. Designatio : Type (*) Type Spacing | Methodology Height
n (mm) (mm)
Wall#1 { NFC20R 6.6 mm 70 mm 400 Staple-fixed 2700
Hardiwall™ box @ 100 mm c/c
' section
Wall#2 i NFC10R 6.6 mm 70 mm 400 Staple-fixed 2700
Hardiwall™ :  pox @ 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 | NFC20C 6.6 mm 64 mm 300 Screw-fixed 2700
Hardiwall™ | C-section @ 150 mm c/c
Wall#5 ; NFC10C 6.0 mm 64 mm 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 ;: NFC10C 4.5 mm 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. Water and the cement additive were added and allowed to mix and generate

foam.

2. Course aggregate was then batched and allowed to wet fully.



gardiw?!lTa'lagégs)ection @150 mmc/c Wall # 4 NFC 20 C 1 6.6 mm 64 nm 300
crew f iwgd144 Hardiwal | T"" C-section @150 mm c/c Wabt/Aueo/Nsts 10 C 6.0
mm 64 rrmgoo Screwfixed 2700 HardiflexTM C-section @ 200 m!r?c//c Vall # 6
NFC 10 C 6.0 nm 70 nm 400 Staple-fixed 2700 HardiflexTM box @200 mmc/c
section Wall # 7 NFC 10 C 4.5 nm 70 mp-400 Staple-fixed 2700 Hardifl exTM
box @100 mm section c/c Wall # 8 NFC 10 C 6.0 mm 90 nm 400 Screw-fi xed

6000 Hardif] exT, - i : ) L i - I-ai
3 ey ik ol or@rilthe Mo L ML L B ol

cenentitious ‘she am na

200 |'itrgithid foR@edthetieniko produce the five NFC mixes outlined in Table
5. The m xi ng sequence was as follows. 10 1. Water and the cenent additive
were added apgthahixov@dhémpurhpedint the navitgsan thcowamoug walle (autleneddyleblst e was
t hen batched and allowed to wet fully, WO 01/42164 PCT/ A 0152(f, -12 3.
Cement wlkusstgedbhechase of Agmuadiamstri The AumReFsd Wi 2 BYFPRYSEYRer coat ed

with the foaned cenent m-x. ] fri mMties in
the vair B AT e LSO i T e e B R R SR P50, rm
di anet er gy TagtsHsTIt HSRE spestildepmey batble 16 purap yhedW§C Snini The folkoyiing machi ne.
This nmachine is designed for SHOTCRETETM and GUNI TETM. applications but it
\(/jvfafsf specpbtatéa diffigulties. dowevero Waisnpentitied NFES IR guchpEagheng QGORYEEY 18t ent i al
t |he i cul NF%smithl‘(l)rV\e/:ever , were identified in using such a machine to convey
a)  Line blockage due to aggregate interlock and absence of finds in the NFC
10 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.
15 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.

20 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

25  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

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



NFC m xture: a) Line bl ockage due to aggregate interlock and absence of

finds i F 10 m x, b) Back-spraying of the NFC m y-aneod/pc4pl et e
filing I)‘?’B{agléﬂ\?vgll cavity due to the excessive thrust generated by the

pneumatic rotary spraying nmachine, and c) Blow ng out of the FRC skins
(especially the staple-fixed skins) diee-to the excessive thrust generated
by the pneumatic rotary spraying machine. 15 To avoid at |east sone of

e o PR el A DU ARELALEtnal P EUdYls diieRSe e (I ess

than 30 ¥ ressure requi niting or Shotcreting).

Punpi ng N&enat ik Bee@ntiBidlly wbd for permalcht oauividre s weceetd fillédechvitied: t he wal |
were inspected the next day for evidence of core/skin bogagiybi lity. The
resul ts Bichaihén shest wowrld @ornallebesaxppetrd [ oWyt THRORELSHERIY -exhi bi t t he

fl ow behavi our of loose fill, whilst being punpable sim/]ar.to wet
concrete ni xBslingrfiempriex metie beight 1&1‘?“?2‘%?‘%’1% %&%%?Wé?s%iyc‘ﬁlt%‘g desi gned
primarily for rayin [ 1 tige wet NFC
i xes “wi g’ﬁ:eﬁ%}’%}?&‘@lgées}f? etdbrlévtvi%g{;&gﬁ%?%@un 11]%@%31%\%&&8&%& IQ:’;1‘!‘%8010 nt ai ni ng 10

mm and 2@, ErEsiEUhage vegalueprisdfy Sheeahisitéshout earyteiitnextibioskmage or
jamm ng. The sandwi ch walls were successfully filled with NFC m xes.

Conpl et eunbllat dreeeneaf fhebagomiof gaavell due tdhe heightaf &k d'¥he NFC ni xes appeared

to flow, consolidate and fill all wall cavities w.tho ridging or
cl unpi ng. Thavalt egyities prifheePOam| c Fld ePagHIZeVers SWCF?ngB'n@tlfidﬁ‘glﬂﬁ‘gﬁam c thrust

generated due t 30 core.tjlli i : 1 ) icatiker

surpri si A SRAEC &&anﬁr‘?ﬁ?eﬁuﬁ%#)lgq%\@g%gﬂg \l/%r% E%E%)PEE%&%% 01524 -13
whi C,hlcfi n%ﬁé)&ﬁﬁﬁﬁ%ﬁle@ sdohB 1AFBetsRine Betiviedi Guds tes(i0 mheesuld Thinsallyviaokness i s
outside the  normal range conventionally used for permanent formwork in

concr et e ekédsbieel bowingtdrebeet bRychuta t hi n sheet woul d normal |y be expected to

bl ow out or bow considerably. Filling froma si' X nmetre hejpght in one |ift
was carried die ssndvaelsvpls (ipclufing din staple-gxed el v oW Weet bl ow out or

presence of unfilled cor s. (se i L& f16wah his is
very sur ﬁPWQreﬁﬂyéiillﬁg& “?"r{[ﬁ%ﬁ?g?“x\%gsﬁé%ggg@%e% gppggﬁ%ﬁl sbrre\ég%%‘tgl | ed
areas neap e, Pat Lam @litkheitmehd bridigmgt @ cttiepihei ght of the drop.

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
reduction 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.



Wall cavities with 600 mmc/c stud spacing were successfully filled w thout
excessi WOPQWIF or sheet blow out (see wall # 5 in Tablg-frphMss This
was entirely 0 unexpected since such a |arge span between studs, ie 600
nmm woul d norrmal |y cause excessive bowi ng or sheet bl ow out. The sandw ch
wal I's (including the staple-fixed walids) were successfully conpletely
filled wth the NFC m xes. The NFC m xes appeared to flow, consolidate and

{1112 IraEeehis PRYVUAGS 19 HovENRIOAUURg Aol bopig. 15 Consi st ent

bondabi | chi eve e NFC core infill and the FRC skins
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result, it was clear that the |low or no fines concrete m x ari%i ng fromthe
agban ey amping

20 pr esebrtwien i 1 by reigy efithg cemepEnqus hin CAPRUL e of the

pneumgti c rotary dry m x spraying nmachi ne for punping such a |low or no
fines coit¥bte mix was al so quite surprising. In particular, the

combi nation @l LR & TR0 2B BndifiCagonesHilthii Watch chibsral
pressure provide a significant advance in techniques and machi nery for

filling gayites ov@dius.coRbidAtdispediiond, ynd 160t eef dairseenainnteat t he present
invention provides a viable alternative émo. onventipnal masonry systens
and cur r agent/burgistaneadgipicdialentrai) aitarhen mixeg ith Vet aRdior BATPEE o eci at ed t hat

t he discl osed panel constructjon e gltered or. enbodi | ther forns
wi t hout aepa{‘\t1!%@@”$E@rﬁ°ﬂﬁ§tesr}3’ixrqst°?%‘%e€brbg%mb¥"?’ eéelﬁ‘rﬁéesaedr%%tggné\?g}? lfs%ﬁ VO

I(le/_ ide]Rg4 6@%%A$%ﬁ%)c]0§g}4ﬁ?ﬁa;léng?g%@_Al M5 DEFI NI NG THE | NVENTI ON ARE AS

weight con e mix for a building panel conprising 1

part by yol ung; fd thixOUSIinRE ™ claidn 10r pakhe&einnke dddithar se
aggr egat é', a@@éﬁ?g}éﬁ%ﬁﬁgve in an anount of between 0.5-0.3% by wei ght of

the cenegbmpiigysoksseelefa aiscbsan cafidnedtziagentanount of 5 water, the additive
i ncluding 40-99% of a viscosity enhancing agent which in water either

di ssol vea. or Af thweighl domictad mik aspdaizied i anyaene of teoprsefdingclaims, BREFH) nnent
agent/surfactant adapted t ntrain air en _m x i th wat er and/ or
punped. #he q&id}t?vgwpmp@?ﬁlocmio%?lé emr%nﬁl&f%gﬂtz;é‘éﬁl %WCI aim1, wherein the
addit IlSVe SFOWIX figheta/eight concrete mix as claimed in any one of the preceding claims, wherein

the additive comprises 20-40% of air entrainment agent/surfactant.
6. A lightweight concrete mix as claimed in any one of the preceding claims, 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
20 increase in the viscosity of the water.
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. A lightweight concrete mix as claimed in any one of the preceding claims, wherein
25  the viscosity enhancing agent is selected from the group consisting of
hydroxymethylcellulose, hydroxyethylcellulose and hydroxypropylmethylcellulose.
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.



| 0 60-90% of a viscosity enhancing agent. 3. A lightweight concrete m x as

cl ai med lagim 1l or 2, wherein the additive conprisespdpPnga0igis 2
Vi scosi t@ggﬁ?éh‘g} ng agent. 4. A |lightweight concrete m ngsfcI e{? med in any

one of the preceding clains, wherein the additive conprises 10-50% of air
entrai nment agent/surfactant. 15 5. _Aslightwei ght concrete m x as cl ai ned
in any one of the preceding clainms, wherein the additive conprises 20-40%
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ol ai med 10n ahPaNe P EPtaE PUE R Alinedn oy bR MEpARLIROBRIA St
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| i ght wei giitokoBgyRher Bhlh@scoslppunddvitnsfiyieoriey dofulichietipbelosaliAgy ef ai s,
wherein 5 the air entraining agent conprises one or nore nonionic, cationic
or ani onhardswirf the praserce of PAterA | i ght wei ght concrete nix as claimed in any

one of the preceding clainms, wherein the air t rai nnpent ng.1S: selected
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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



silicone, oxygen or sul phur conmpounds with sufficient hydraulic activity to
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of the mxture and s selected fromthe group consisting of washed river
gravel , theusttedoicgmedustie 5dk3 8¥0.81 i mest one, |i ghtwei ght aggregate, punice,
scoria, expanded shale (foaned clay) or other 01/ 4 1641PCT/ 01524
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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 claimed 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 viscosity enhancing agent.
27. A method as claimed in any one of claims 24 or 26, wherein the additive

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



attaching to the frame front and rear fibre reinforced cenentitious sheets

to form j there between and providing to the cavj i wei ght
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wher ei n ;ig&sﬁ?g“ﬁe\w&&prrprl ses 70-85% of a viscosity enhancing agent. 27.
A method as clainmed in any one of clains 24 or 26, wherein the additive 30

conpr i sesy. 10A50% &f asAdlfinRatif ahnNemNdf chgep A 6129 aclicacin thaNds@ite 2164
PCT/ AUCO' 01524 -17 28. A nethod as clained in any one.of clainms 24 to 27,
wher ei n efhenciddirgéngés sstastedifeam themyoupognsisting pf %erlllt“iloéF gﬁ‘éYﬂ“VSﬁent / surfactant.

2_9.A_rret od as clained, in,a e of ins 24 to 28, wherein the
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met hod  agyiphainBBgertRs @ettdnol thecdraipreordibting o2Bydrakyenethylctlhdosei scosi ty
enhanci ng agent I's selected fromthe group consisting of cellulose

deri vat i ipdrpxyqitlyebeshand bedroxyrrgptlmethyéceRyl@sophi i ¢ pol ymers. 10 31. A
met hod as clained in any one of clajns 24 to_30, Wh.erﬁi n. the viscosity
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hydr oxynme : :
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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 laury!l 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,



hydr oxyet hyl cel | ul ose and hydroxypropyl net hyl cel | ul ose. 32. A nethod as
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agent ié’V%@I/‘&i?"ed fromthe group consistent of starchesolts)érﬂépg(?ﬂg e. 15 33.
A method as clainmed in any one of clains 24 to 32, wherein the viscosity
enhancing agent is a synthetic hydrophilic pol yner or copol yner sel ected
fromthe group consisting of polyvinyl alcohols, polyethylene or

pol ypr opyl ene oxi des,. 34, A nethod as, claiped in any one of clains 24 to
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clains 24 to e alr entrainnent agent is selected fromthe
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conprising calcium alumnniu ilicone, oxygen or 25 sul phur conpounds
with suf mr%ﬁ%!o%mxalapwﬁ%mav%fm%msm idify or harden in the presence

of water, 37. A hod as clained in.an e of ¢l ai 0 erein
the cementi tﬁdﬂ%tgg‘iﬁﬁgﬁﬁ‘?ﬁﬂl 1P§n§8?%8?%@“%2%%%3%@”%?%6%& %%%é%esﬁgg?\e&aof conmon
por tl and; LR ok aSinelS85d W 1R higdst Frop@sion HeinkibBBvceaTORE, and 2Dphat e
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al um na eenents, high alum na cenents, calciumalumnate cenents and
cenments containing secondary conpounds such as fly ash, pozzal ana and the
li ke. 3840A rembihdd as cleiraddin@ny ananfclaims 2 todPavhercpthe g0 285HEAE n t he

coarse aggregate has a.Si ran between 5 and 20 mMm wi t h 5% maxi mum
aggr elfat éo%%’é‘?ESTIWCFH§r"fm§3bg7§byn\¥?§ﬁﬁoofff‘m%'naxi num finer than 5 nmsize. 39. A
met hod as.clained i.n any ope of cl alus. t 8 rel
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bet ween 10;,8n@AltredQct the dBer AriRingAE oftheahituiednd B salyted fienothec| ai ms 24
to 39, wherein the coarse aggregate 10 contains between 0 and 10%b

wei ght  ofgrduipnessisiig ofwarbthoteraavdl airwbad igncayropher Bnegprg. kghbyeight 34/0,
wherein the coarse agqregate .iisL0GY kw1l SeRSl.r bickhE aflEfeeomPOnent s
15 such 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 to 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,
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fibre reffhf oAdeddmgmanel asiclimed edgim 42 veheran thegntiFrecavis efilest wish fhea
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conpriseg,1 rt. by volune, of ‘Y. i : i,nert coarse
aggregat§7‘agg%wgﬁéigﬁgiSf%%“?%%gﬁgék%%%ﬁfﬁ%?%%gﬁﬁ8¥§§%Q%gﬂ%h%&?by wei ght
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agent whaodthémmatetigdr either dissolves or fornms col |l oidal dispersions and
1-60% of an air entrainment agent/surfactant dapted to entrain air when
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the cavity filled wth a |ightweight concrete |oose fill has, on curing,
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50. A building panel as claimed in claim 48 or 49, wherein the additive comprises /U-

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.



of a viscosity enhancing agent. 50. A building panel as clained in claim48
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agent . | di ng panel as clainmed in any one of clains 0,
wherein the additive conprises 10-50% of air entrainment agent/surfactant.
52. A building panel as clained in amyone of clains 48 to 51, wherein the
additive conprises 20-40% of air entrai nnent agent/surfactant. 20 53. A
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48 to 56, wherein the viscosity enhancing agent |s a syntheti drophilic
pol ymer ertraiopentyagent is s¢legiedion g eioHe cgnsg%t@aﬁ?é%gméﬁft%@} ag?ehap‘gP i nyl
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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,
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cl ay bri cdnsenoratmiis 0300108 bl ast furnace slag. 66. A building panel as

clained in any one of clainms 48 to 65, wherein for |oad. bearing purposes,
the nix 6%y Adnilding ranelessbimed inanyangies s#ms 43 Py SRS IdPanes 5
such as silica funmgs, er sealing agents, water reducing agents, setting
ratelﬁndf??%$§§“’ rd@gg?s, pl asticisers or water-proofing agents. 67. A

bui | di ng pangl - ' j -al in the water
to cene ? r§>FgaFﬁk%&%ﬁgéhgfgﬁxgge&ﬁgﬁﬁﬁk |ﬁ§x%§ﬁ§?@g§»%¥2?£gd i n any one
of cl ai MpisditlyQebrtt, wiikterewiet dithenaissylvdsar fdithsamiteidtl disgerdonssand. 146§% 0. 7.
69. An additive for a low or no fines concrete mxture c ri sing 40-99% of
a vi scosf aiy cepanmenitsigeni/surfacianiadapipd fesnt@isdppoes mgiedpyfhalep g dal

di spersions and 1-60% of air entrainnent agent/surfactant adapted to
entrain BFfPPftien nixed with water and

15 70. An additive as claimed in claim 69, wherein the additive comprises 60-90% of a

viscosity enhancing agent.

71.  An additive as claimed in claim 69 or 70, wherein the additive comprises 70-85%

of a viscosity enhancing agent.

72.  An additive as claimed in any one of claims 69 to 71, wherein the additive

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

73.  An additive as claimed in any one of claims 69 to 72, wherein the additive

comprises 20-40% of air entrainment agent/surfactant.

74.  An additive as claimed in any one of claims 69 to 73, wherein the viscosity

enhancing agent comprises one or more thixotropic agents which either dissolve in water
25  or form colloidal dispersions in the presence of water to produce an increase in the

viscosity of the water.

75.  An additive as claimed in any one of claims 69 to 74, wherein the viscosity

enhancing agent is selected from the group consisting of cellulose derivatives,

polysaccharide or synthetic hydrophilic polymers.
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of wat er Hydrqxyethylvellalosd sl lealsexyiprodyheethylicelivdsset y of the water. 75. An

additive as clained in any one of clains 69 to 74, wherein the viscosity
enhanci ng/7agei addtiwedsaddisddfin amy odeeofpiamp 68 dm 36 .svhargndlie weddsiiy ose

derivatives, . polysacchari or synthetic hydrophilic polynmers. WO 01/42164
BT A0 D a853 B GeIohRY deadh 18 FEo SR ST %Q%{C*éﬁwr B i aims 69 to
75, wherejn the vj.scosity nhanci ng ent i | ected fraomthe group
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