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I nventi on PCT/USO /30967 Field of the Invention This invention®relates 1o a
conposite building material, and nore particularly to a building materi al

i ncoy. OJﬁﬁisqg a lightweight core and one or nore fi beCTASHEHO6EKi ns forned
on owg)og € 'sides of the core. Description of the Related Art

Fi ber-reinforced cenent products such as water-resistant buil ding sheets
have been used for building since 1895. In recent history, reinforcing
fibers used in such products have included not only asbestos fibers, but

al so cell ul ose (wood) &Mﬁﬁ@g@ﬁ@f%lmm No. AU 515151), netal
fibers, glass fibers and other natural fibers. Typically the density of
such building sheets is from1.2-1.7 g/cnB, the variation in density .
typically being achievabl eB& ‘ Ui lnyeniioll dewat ering of the fiber
cenment slurries used in manufacture, and by varying the anount of fi ber
used. Fibd of¢éesinvemdionof fi ber cement described above nean the products are

heavi er than . tinber-based, praod -ﬁg%% hAE aad evraparianlerdydo e
difficult tm&m‘{eﬂmﬁ%@‘ %’ﬁ%ﬂcﬁrgﬁﬁteﬁ%n ln%er and tigger-basgtd product s.
The densj.t f Hm%;] ,gh%a 4 [Rphtvadigiats cdre auod Cong- o101RIegy %C‘F‘iﬁfﬁncﬁkyﬂs
hardme%’gfg“én%a*éflom ?80)[0 g/l%:g#B for dry softwoods. Thus, a fiber cenent
mteriﬁh&ioﬁ@%}ﬁjsﬁysiﬁbsﬁ»ﬁthccam | unber woul d enabl e products to be
manuf actured that were lighter, nore nailable, easier to cut, and easier
t o nmadbeses bff the ReWAIgO Mg t he durability, fire-resistant, roti:r,esi stant,
and water-resista i s fichak veedaetistafilbuikling sheets heve he@nt i on
Fi ber .ce.nerk%ﬁwp’g%’ﬁgé%ﬁﬁtipa s are comonly .installed to exjernal surfaces
of  buyj ifgﬁgbﬁm{ﬁé gRes 189%)1e I wcsntibistoy,frsndoreing: Pleers gt MeBR O HBduct i s
to | ocal

expose weat her condjtions and i.s.subject ‘ SREesHA ought
about tave Ghélndak notnonly asbestas fikers, ﬂl& ‘ﬂﬁﬂrf’ﬂf‘il?/se {j&ogigiobtg%r §EE and exposure to

pol | ut ants _and di_ oxi PN RiBérenatAabfibdrsli waliyithe  t hat
has tf@@t@-i%ﬁ%ggg{}f Hefﬂy%ﬁk% adrgggtbr@ltg%?h, and the - resiﬂg?anc_e 0

moi St u%e%sx?ye%i‘@jé{ bRk shidiets Genpor-hil g/ém’, dhe yeration iy dewEy BIPGHY with a
nodi fi "core to provide one or nore sp_ecin'(g,l prg‘g)ert i eesnttsﬂu,{.igf“g&frﬁpsi te,
i s deshdigl acHibeables by cicomprpssigre ped dsWHENE | T IPH e SRSt T im ted to: O
S APR jlgz?xi'actme, and by varying the amount of fiber used.

The densities of fiber cement described above mean the products are hegvier than

| timber-based products of equal dimension and are more difficult to cut, machine and nail

than timber and timber-based products. The density of lumbe; typically ranges from 0.7-

0.9 g/em® for dry hardwoods and from 0.38-0.6 g/em® for dry softwoods. Thus, a fiber
able products to be manufactured that

cement material of density similar to lpmber would en

were lighter, more nailable, casier to cut, and easier to machine, Whﬂe retaining the

durability, fire-resistant, rot-resistant, and water—resistant properties of ﬁber cement.

Summary of the Invention

Fiber cement building materials are éommonly installed to external surfaces of

building envelopes. The outside surface of the fiber cement product ig exposed to local

weather conditions and is subjected to stresses brought about by changes in temperature

and humidity, UV exposure, and exposure to pollutants and carbon dioxide m the

atmosphere. A building product that has the exterior durability, planar strength, _and the

resistance to moisture degradation of fiber cement on the outside surfaces, along with a

modified core io provide one or more special properties to the composite, is desired. The

special properties may include, but are not limited to:



w O 02/31287 PCT/ US01/ 30967 Lighter weight for ease of handling ef prR 7005
sheets and long | engths of product, Ease of cutting simlar to G;ﬁpsum

wal | board to ensure quick and easy installation of the product by
score-and-snap cutting with a utility knife, Low 't herr@/Us9di3eRecdti vity for

i nsuPM%H2Yt wal Il's in buil di ng structures from the outside environnental
conditions, Thelma, fire insulation and | ow thermal shrinkage to provide
resi stance to the progression, of at .and fdi u id thnathswaf| s and
ceilings, Lew noLighier evaighin&i €8¢ &E%aﬁd@%torfo a%}g{e%i ?keuc?sﬂrgoi s?ﬁe fl ow and
perneati on of water and noisture into building walls, ceilings and roofs,
and Low acoust i ®°f¥¢nsni ssion and hi gh acoustic absorption.to (Eeduce' noi se

transm ssion throudhgil, R0 Hmillk & Rypdusi veplibDhsl e SNFUEE %‘F‘(.})‘pé? i¥Y can be
achieved with a sand(%uclh i

conposi te. design using_ fibe f@ci ng on~a
core having a comaﬂaﬁdnoofmapﬂodn@&yfsgeret@é'%ﬁlég’tﬁﬁng“{o‘ oap&eﬁr}ﬁ' ﬁé‘sﬂc "Thi s
I nvention in one enbodi nent generall 4 ai 1A baRIRS sht@uieiffating
material coepri SLWWHQWWPBWW BM%%ﬁog%%n fi bergcemant facing
material or fiber Ce”e['etawfrléﬁlﬂel?t @ditlogs,one side of the core and a second
e ot

facing materi al LT er side. The fiber cenent facing.fhat is
used on at Ieastgﬁ%fgp?fﬁré heufaics sndiow Heermal shiinkpse o PEPVEF T %s?"’ﬁ'referabl y

| ess than about 6" thick, nore preferahly.less 1/8" thick.
Thi nner ski ns prmeip@l@-essiMMiaﬂdifgﬁfh@Ba’p%@hﬁ%g %eidcE ag%e t egséki n ,nadtgeri al
I's of higher density than the cor. teriall ahiedirbdemotsturenfloivain S
preferably pn a pewr sagEe JPOES 5%23%.35? state at the tine_ of assenbly of
t he skins and the cor 'OAHf\QatfePﬁmcﬁﬁaﬁﬂﬁ@iht@bﬂﬁﬁﬂgW@n& geplings ag@,eré}, of
this invention tB*BI8dtlice conposite building nater)al %}.thf})t gdﬁge q%iééesi gned
speci fically foryapphdonstic omssmission andpiigh pspvsic PRI ) FE backer,
wal | board, wall panel,; siding, trim .sh’g}%}]@é%g, decki ng, flooring,
structural nenbemsnﬁlemellﬂg?“ BEIoRES P 80 decki ng, or sub%t rates, thereof.
The bul k of the  physical. propertigsviswighgtsandwichadsniposije desigd BSINEan be
tail ored bym‘érﬂ‘?ﬁ‘i%yi”f?gewgér)rﬁ%gﬁei e{c?n of the facing material. andfor the core.
The fabri ce%@npgd of> O/ RRE hiriag wichinpasitien tailetaddior SersPEPHREREHITal
er G C g 4 o . . L T

‘properti’eés can be done with the._or_-o‘oer C |c%ﬂ%sf@)chn&,ﬁﬁysgélwﬂdmgj
t hi ckness. T evestisn infonehembedisgyd tgén%glﬁ‘ e educed by foglrjri n%bt he core
slurry and/or by addi ng |.ow LI vk hh fivet @einehisfaciligematgniaLipe &0ET ber
cenment m@mﬂ@@%ﬁ@nﬁr%ﬁ@%ﬁ‘g%@%@?erabI y conti nuousalibn Ae%r}gtﬁl}é 0&@9 use

cement skin bonded to one side of the core and a second facing material bon

used on at least one of the faces of the building

side. The fiber cement facing that is

material is preferably less than about 3/16” thick, more preferably less than about 1/8

thick. Thinner skins provide an overall light composite because the skin material is of

higher density than the core material. The fiber cement facing is preferably in a preformed

‘green (uncured) state at the time of assembly of the skins and the core into the sandwich

cormposite.

It is an object of this invention to produce composiie building materials that can be-

designed specifically for applications such as but not limited to tile backer, wallboard, wall

panel, siding, trim, sheathing, decking, flooring, b
decking, or substrates thereof. The bulk of the. physical properties (strength, durability,

stractural members, fencing, roofing, roof

etc.) can be tailored by varying the composition of the facing material and/or the core. The

fabrication of composites with a partiéular set of mechanical properties can be done with

per choice of facing material and thickness. The density of the composite can be

the pro;
) matenals. The

reduced by foaming the core slurry and/or by adding low-density filler |
length. The use

uncured fiber cement facings are preformed and preferably continuous in
2-



-2 0 8 APR 2005 WO 02/ 31287 PCT/ 0s01/ 30967 of conti nuous, prefcn{geg Ei ﬁfﬂﬁ
cenent facing sheets sinplifies the manufacture of the conposi P C
only the core conposition is cast, instead of casting one each for the core
and fQr ‘hhi 8f acing. Al'so, the use of continuous, prefprereofidogs cenment
f aci n@% &8 el iminates the need for Separate carrier sheets. It is a
further object to produce conposites with inproved properties by co-curing

the core and facings. Manufacturi nga W th uncureﬁﬁf&%gher cen#en,;turgh%ﬁ%?offers

gr eat enf cohigniobs,| prefprinad diber semeaicBoExEhePlE, ey S PBPHEET T S

profile, and conposjte properties. . t.r at.l . y Lnto the
uncur e §OWPERE Stfé’ﬁé’ﬁly &QEPWQCOE?P(? S@’ﬁﬁggg%g’n éj[(E:éodp(g]f(:(icjhfrsfut'l 81(1)‘? Q%C%eﬁ%: g{re(raébzgﬁd ski ns

produces, ?&p | @bink Nt Lhb A usB YTHoREnuGHRS Efetfbmdf fiben cantentlfhging sheets
i nt erp€netrating chani'cal and chem cal bondi ng. The bondi ng can be

f ur t heglimbAated acheediférseparaiewanier shestss bondi ng | ayer applied to the core

side of the facing. Controlling the water_cantent .and/or. I precure
of ‘the gr eeh isaduttheriabiesh hprodics ¢QraRQSHES é{“ﬂ)é‘f‘fegr?m%?{lﬁdﬁég 8‘(9;'r%1erms1 urry

into the void network @ t FbdrCtdnidiRl shengFmB@. orbltes | eads
¢ 1 MblBeBERE R 1ARGES Sy Ceamte e i

to strBifgEF h a m cal bonding after curing. Al so,

anti f oﬂ%ﬂﬂibtﬁﬁﬁﬂfe%mfaéﬁ RIRR, e, Gorek Ipeofilegatidt consposita progeriescur ed
facing can be used to collapse the foamat the faclng-élgfﬁrebi nterface. This
| eads Pencirafion of i core siiry inferibe unpwred fihey cemept facg, aut 84 388%%_" 8 by

I ncreasing the surfage area of contact. e, . f.a Thi s
prevent"@l’mt%l‘ﬂl,f %W@é&é@ﬁ?f‘aﬁ?WSP?ﬁ)W?&{a&%e@%%u ”d(}%gélg%n yg?elguce he
strengt h%,g&qug@,;ﬁ;e};m@pm SeAundiRS - THe haidengeqesd finthet haprived ent

a bui

I nvent I'ng matertal 1s provided conprising at |east. a first

CONPONgith s0dhaatiieaobshdbmiagerayplipd oy iltcebra djdecafihe faring.| Contrelingdhent .

The first conponent is provided as_pre-for uncyred £

wher ei wateheorteni and/ox drgrse °f§“?°@¥en‘?%tgﬁe%e% &F ﬁ%%@&%ﬁ%%?l Eernghe
uncured, f£i ber c]erre%toi e%ﬁ&ﬂe&f&f% hé SNdetlieRBaricBe itbrlSjer GOAAge Mhiadj acent

to t he®SBESHRIF EBHEIRENTS 0 ORe preferred enbodi ment, the building material
i S projhdle o CRIIALES in@hanicdli ghédekghhd dendcdl- bonting riftey, cirdig. codisosor e
having a first side and a second side. A pre-. forned f'gqer ccen%‘%t Sf cing is
provi dedifeaming apentsithickening pasntss o athst addivesgpdae ¥aweq A @RS aci ng
is reinforced wth indivigdual i : Lt@;s, ;0 8cddk R6 iBe RaHiafien dfWB&dsant i al |y
pl anar®® @stea'\lgfé{ﬁ]?m'ﬁgéhecg#gganggtlﬁe aebi%%gger:e si mil t aneous| y cured to

f.orm Bﬂf‘?ﬁyéﬂtﬂﬁm 86hdihg by incieitpathe asyfaetared of trataet betwveen itheremei on, a
met hod of manufacturing a building L cdnce th
and facing. This prevents the occurrence of delaminations that would greatly reduce the

strength and durability of the composites.
In one aspect of the present invention, a building material is provided comprising at

least a first component and 2 second component provided adjacent the first component.
The first component is provided as pre-formed, uncured fiber cement, wherein the fiber
cement is reinforced with individualized fibers. The uncured fiber cement is cured after
providing the first component adjacent to the second component.

Tn one preferred embodiment, the building material is provided comprising a
lightweight, cement-containing, low cost core having a first side and a second side. A pre-
formed fiber cement facing is provided on at least the first side of the core. The fiber
cement facing is reinforced with individualized fibers, the fibers having a substantially
planar orientation. The core and the facing are simultaneously cured to form the building
matenal.

In another aspect of the present invention, a method of manufacturing a buildmg

material is provided. A fiber cement component of predetermined size and shape is pre-

3-



material is provided. A fiber cement conponent of predeterm ned Usazépgn%ﬂ%
shape is pre -3 0 8 APR 2005 WD 02/ 31287 PCT/ USQ /30967 fornmed such that
the fiber cenment conponent is in a plastic state and is uncured. A second
conporvéN2Pde froma curable material is forned adj ac@&I7USAE3®$ber cenent
conponent. At least the fiber cenment conponent is cured while adjacent to
the second conponent to formthe building material. In one preferred

enbodi nigRhed o8 fildt BRI fites BBAént COMPOnE is insa plabtidattc cadinincsdiddn, A satohd he
second conponent 1s a |lightweight cenmentitious core having a first side and

-a  secanthpehets mabedidn henrabénmaterisk imformeg gdiacewribel fhey eeasit campPReRt. si de

of the cenentitious core. The fiber ce t skin and the lJightweigh

cement iAl lsaé thefibergemegt WP%@BE?S‘F‘F‘&%S% %dia%'rﬁﬁ &'ﬁeseﬁ‘fﬂ ‘g%nrlpgo nﬁgtt %eori al .
Bri ef SChi_RLEQN of Drawi ngs Fig. 1 shows a cross-section of a 3-1ayér
sandw ?ﬁ%@ﬁ%@%ﬁlﬁg&%@ﬁ%ﬂ sing 2 facing layers or skins and a solid core.

Fig. 2 showgn ané peofataregbodient fthafiBerl eseent sanpohett is anfiesicementcskipy i si ng
2 facing layers or skins and a solid core. Figs. 3A to 3C shqw exanpl es of
three ahdtthe sereng compouenirisia Bghimeight semepatiousatore Ayingea JugsHe pd den- core

conposi tes. tical (open.voi.d cel.ls .G --SKJj ns

ho gy c Ié?ﬂﬁ’nﬂ 5%&\/ g')tﬁlf ﬁbﬁﬁ rcgﬁeﬁtrf]ﬁ\ﬁ% I]‘Ss ﬂ%ﬂ#orfeﬁl aﬁ%c%gg %?ﬂ%l S\i%gr ?fl téltgl%c%:ngﬁ t|1§g'iljér at |) on
conposeg,.0 | LiX 2 i69¢ Eore imultandobsivruied Fi 9.
5P g o LN A8 NGRSty F1

ski ns) to finghebaitdingmatesidl. core | ayer. Fig. 4 shows a sandwi ch panel with a
solid core. The first facing (10), covers one WlJ‘ce and both sides and

: SR R 8PP g. -5 shows ‘a plank with a
solid core gnd,a,first Gl _ € QR&?& LG8 iy ©
shows a tri ﬁ%%oéfPaw\%m%t(ﬁésg%é%JMﬁQy& a |?§to ag?sﬁgﬂglﬁgtb ‘é’nvel%%s t he

I
I d core ang

faces 1a?eﬂoﬁbﬁg§anﬁggjd7&r86 show cross-sectional views of additional
conposite products that can be nmade in accordance with preferred

enbodi ment sFigbat stioms robeaxpladsdiew AT 2 Adaysreyop SRR R FRIEPIISING 2
Conmposjte Structure and_Co Ltion A preferred enbodi nent of the conposite
bui | di PES A %ﬁ&xﬁﬁﬁﬁ%‘fﬁ g. 1. The - '

Figs. 3A to 3C show examples of three of the many structural confignrations that
can be used for open-core composites. A vertical (open void cells are perpendicular to the
skiné) honeycomb core configuration is shown in Fig. 3A. A vertical configuration
composed of symmetrically opposed corrugated core layers is shown in Fig. 3B. Fig. 3C
shows a horizontal (open void cells are parallel to the skins), single corrugated core layer.

Fig. 4 shows a sandwich panel with a solid core. The first facing (10) covers one
face and both sides and overlaps both side edges of the opposing face.

Fig. 5 shows a plank with a solid core and a first facing that envelops the faces and
sides.

Fig. 6 shows 2 trim board with a solid core and a first facing that envelops the faces
and sides.

Figs 7A-7G show cross-sectional views of additional compositc products that can
be made in accordance with preferred embodiments.

Detailed Description of the Preferred Embodiments

1. Composite Structure and Composition
A preferred embodiment of the composite building material is shown in Fig. 1. The

composite is preferably comprised of a lightweight core (12a), a fiber cement outer layer,
skin or facing (10), and 2 second outer layer, skin or facing material (14). As used herein,
-4~



,composite is preferably conprised of a lightweight core (12a), a féng 0
cement outer |ayer, -skin or facing (10), and a second outer Iaygr, Rn2g§
facing material (14). As used herein, -4 0 8 APR 2005 WD 02/ 31287

PCT/ USOG&0308f%7t he terns skin, facing, or outer |ayer ap@rushigossrangeabl e.
It will be appreciated that the use of facings and a core to forma
conposite is only one enbodi nent of the present invention, and thus, other

bui I di n terials e ' | ' Lhed

ner ei n Wb RETE B R BRh T 3R REaERRLAL. 10wlG: SARCARET AEFREIIRES, e
t her eof . of Fhéingd Mt fofiR aQotposiReiseiibpehie Bbodirtert @ftid sréstnoinventiynlr aul i c
cenentitious binder, fillers; fiber, and foam and/ or |ightwei ght

addi ti vemnd thus, delarrtntildingf matetials dan|tewprovifed ingazporatengrie: cangepts glesmibedi al

10) in_one enbodinent..is conprised.of draulic epenti tj ous. bi nder,

[T or " Hern PR Poa LS opRe R ease A et i re oL PO Ses it oubodi ment
i | ected f . ' ' i | . ,

I's selecte WW’ b YO on ﬁ%ﬂ%ﬁlgﬁﬁs%ﬁﬁ@ SENRYraufid PEAHTS

paper, and po I ngs. I ment Figs. 1-3C consist of a

conposi tbendet)i filkirflofibea) aud fdant andor Sightveigiradditives, nar destdlyedr furthbr belgiw.t he
cross section of the conposite material perpendicular with the main planar

axi s of Theefibasngsmesmt dacing\ matexial {18)dp @fe e coprispd phdydraylie face

of the buildi,n QNMpROSi Q) .. .A nm-ddl e Layer: e - 1A 2a to
oh k" bl il R e, D) s i rBChsfl 9005, BB (1

mat er i akmBhdintier APRRAISdE & Wiﬁaﬁﬂvsmwm;@éméﬁ@ﬁbMInﬁum@ajFages of
the conposite not faced by the first |ayer of fiber cenent (14). These
enbodi memd polymgriakcedivgave sub | ayers within or between the primary |ayers

-Nyto  provide [pproyved intertacial bondi or provigde.,other special .f.unctions
Dto the conmpoTh smbodmedls S 5i pcrtsiet bt trhbarts ESihe s Bl fobbmiter
enbeddeﬁlr%egﬁmm{yq i A5 dofhosRY RbterialFerpidibudi Gty
materi a ng y%ﬁ%@%‘gt’n&t grrol al s descri bed “her ei nenasﬁ?rge second out er

| ayer. {he mdinplaabaxisiof thelcothpdsitehe faci ngs can be applied to any of the
.faces or sides of the core and are not restricted to the_large pripary
faces of the®conpdsimstlayey efshbes WB?nPBﬁ“t%rfﬁ?ee?fo %’ﬁgwlémﬁl%’ﬁﬁ’oéﬂﬁ trim
board, respecti veb)bz, t hat have fiber cenment facings (10) applied

rél

substantially ent y around a core as used in a plank and trim board,

respectivel yo  Tha rhidifedsyer of coreendtedia(1 eoant),| ayer can be shaped,

enbossed or patterned if needed for . .
. A second layer of either fiber cement or an alternate facing material on the

. opposite face or any combination of the remaining faces of the composite
not faced by the first layer of fiber cement (14).
These embodimenis may also have sub layers within or between the primary layers to
provide improved interfacial bonding or provide other special functions to the composite.
These sub layers or interlayers may also contain an embedded reinforcing material
embedded in the layer, the reinforcing material being typical of materials described herein
" as the second outer layer.

It shonld be noted that the facings can be applied to any of the faces or sides of the .
core and are not restricted to the large primary faces of the composite. Figs. 5 and 6, for
example, show a plank and trim board, respectively, that have fiber cement facings (10)
applied substantially entirely around a core as used mn a plank and trim board, respectively.
The surface of the fiber cement layer can be shaped, embossed or patterned if needed for
aesthetics or functionality.

a. Materials for the Fiber Cement Outer Layer, Skin, or Facing

The fiber cement skin formulation in one embodiment preferably comprises:
5



aesthetics or functionality. a. Materials for the Fiber Cenent Qujey ARR Q00
Skin, or Facing The fiber cenent skin formulation in one enbodi nent
preferably conprises: -5 0 8 APR 200! WO 02/31287 PCT/ USQO /30967 a

hydr awo e2/abgyder, preferably present in a concentrati ACIESEAIM 10- 80
wt % nore preferably about 20-50 wt% and nost preferably about 25-40 w%
afiller material, preferably present in a concentration of about 0-80 wt %
nore preferably abpu - £ O r:ef tratier! bof 4Dod 1 GU8YH
fiber, preférably %%é%tgﬁgyaﬁ%%f%%glt a%?ngr%ﬁoafeeg’%gﬁt 1-25 W % nore
preferably about. ydelGnavePrefopBlyatsiut R0e0ewh) nd mostpreferablyvabopt and0
additives preferably present in a concentration of about 0-20 wt% nore
pref erably about Wi%}.0 wt/o, and nost preferably about 0-6 W% The
hydraulic binder used in the fiber cenment.is prefer Por til nt but
"can al so b& any®@ -éﬁ?tﬁﬂcmqgl?%p&gfm{ﬂnnﬁggn% %gg‘?ﬂ Fg%lg %rggt})%e e

i ncl uding, but not. | Lide o6t atﬁﬁt A0 Wk Ui o st BRoER b beas BERMeat ed bl ast
furnace sl ag ceman({, gypsu% em hydrat'e, gypsum di hydrate, and gypsum ~
anhydrite, Q@r anyipgi, Xprefefsbly eeeenf in Theofiddnlretion wHi about chRShwi%edretieve or

inert material, is preferabl round silica sa bu n gl so.,be any
material chosen pr@ﬁﬁbh@bgﬁdbgw&wlﬁﬁpﬁfmﬁ&am“ '"tclgd“t)ﬂr:andarmrphous
silica, diatomace eart Lice . S I Lk | 50 b, ihébe Ol | OW
ceram ¢ sphé&res, a@@ﬁ?ﬁeli’w&f“‘éhﬂf%ia‘l‘g{ gs‘{&n ur r?ggﬂg Jsfljg%:ut (?r—%t%ul ét’ed sl ag,
steel slag, fly gﬁtfaablgiaggﬁm1@ﬁﬂt%§&dﬁbﬁ%éfémbwwt Oaswi%) ays, magnesite

or dolomte, net oxl des and hydroxides, polyneric beads, or any m xtures
t her eof . Th&'héhja&huﬁxehiaderwddlinM@ecam@él%mgféﬁblyrf'&wg‘dgqe&?ﬂt W38di ng,

B RENTAC eI Ny =T
Dl CKORST RignP LAHERLS corfichi " @Bhd e@%:gxr‘aat%&i BRES fufliag® 5162 Nt émertOATipSEm

agents, f culating agen oofing agents, organic density

modi f i Refihyadattichpiiin dibydate, akdhgyisnm alhyditesort duyyovcdures theteod, net akaol i n,
cal cium carbonate, wollastonite, mperal oxides, ‘?F%ﬁr al uryd%ﬁ%% da%a,
cl ays, - magn®be fillen whieh 6 bereagliveer BT qaatengly1s ety sreund stliga sefds i o,
tuff, shale, slate, perll ' ' R €86 nof dukitddMio:
sili caﬁ'ét H%P%Pegﬁna&?’pﬁajf/é@ icégér:e?s?ﬁﬁe&n% & oks, or(ﬁgg’y m xtures thereof.
Pref er pagdmhBM Kilh| Gidieshdsusieartp) tdodidl asi;hsitiss fowe, maicrdsilivas dallow,
acrylic | atexes, styrene-butadi ene

ceramic spheres, géothermal silica, biast furnace slag, granulated slag, steel slag, fly ash,

mineral oxides, mineral hydroxides, clays, magnesite or dolomite, metal oxides and

hydroxides, polymeric beads, or any mixtures thereof.

The fiber cement additives can be chosen from a group incliding, but not limited to:
silica fume, hollow ceramic spheres, cenospheres, geothermal silica, fire retardants, set
accelerators, set retarders, thickeners, pigments, colorants, plasticizers, dispersants, foaming
agents, flocculating agents, water-proofing agents, organic .density modifiers, aluminum
powder, kaolin, alumina trihydrate, mica, metakaolin, calcium carbonate, wollastonite,
mineral oxides, mineral hydroxides, clays, magnesite or dolomite, metal oxides and
hydroxides, pumice, scoria, tuff, shale, slate, perlite, vermiculite, pol)}meric beads, calcium
silicate hydrate and polymeric resin emulsions, or any mixtures thereof. Preferred
poiymeric resins are products such as, but not limited to, acrylic latexes, styrene-butadiene
latexes, or mixtures thereof. These latexes can be emlsions or be in a redispersible powder

form. In portland cement-based materials, the latexes need to be stabilized to withstand the

high-alkali environment.
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redi spersible powder form In portland cenent-based materials, the | atexes
need to be stabilized to withstand the high-alkali environnent. -6 0 8 APR
200 WOvoReNZ31287 PCT/ US01/ 30967 The fibers used in the fpdwusamomyt are
preferably cellul ose wood pul p but can also be natural or synthetic
organic or inorganic fibrous material chosen fromthe group including, but

not limted tej aI
frbers such ot FBERTkE) i BEthoX A ol ferddl ARcE REAM A fu Bt PR
st eel fikehatusalnbhefritbcticpotganier of fiMegmmic lﬁlﬂotﬁﬁ npdriad nahdesn ﬁﬁmhwﬁstgbﬁp
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cel lul ose use ar e r abl refn /u rill
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can be nmade of softwood, hardwood, ‘agri cul tural raw mat er recycled -
wast e pmmomwe,qjmmlm uirscosb; gylon, PV Q] BYiA; amdtreyomlos anCahixtires e

fibers can be made by various pul ping nmethods. In the pul ping process wood
or othe ‘T‘F"@j‘ﬁocel lulosic raw materials such as kenaf, straw, and banboo,

etc., are re onds
Wlthl n the g?friuctur es orﬂ%%ﬂ'gnoce S)P%?Tg)ﬁerl aﬁt Wgtﬁbg

acconpl irsfed/GHRtedatdinlose MRAHA BogR hbﬁtces‘, He¢lBingYbutbhat! Bgited | tbyblefthely

conbinations of these treatnments. The cellul ose fibers used for reinforcing

cement @shls@@:neﬂesemﬂéwa% celhdoss madin nithe seliglosepilps dambe madefdfiseftgronils h

Pal 1 s PRaRRAT oG H8, Prleiats Sl BREST Pigir o oty i Srcaf cot
re rmvedhgﬁaﬁnme.cfmmﬁa@ eChihiedd Sberd bASE: fnh@@f;}s v&‘i@uﬂhﬁf)ﬁﬁ Fhdihody ﬁpa{eed by

chem cal pul pi ng met hods, which rely mainly on the effects of chemcals to
separ at pulpitgeprocess Busad] oorothemehgnheerﬂmcs raw ithateBals i such s JEnof, estmw, tamd

Ocygen BBRRSh et ToOHoaldbay TRy e, i Aees CCOIFRRS Herhooes vt 1 | ce
PUIP! NOutrithREM 1 BuRSicilloRld] Bididtial, #A% %ﬁeﬁarp%eo'aae%mﬁ&@g Ghiircatty) 1N

chem cal pul ping process, lignin, acts as gl ue -and

hem cel mmlmi;:aﬂp,ghtrhaﬂ]yt homgimllgi,eorrwutmmhmmions bf theget freatmendse wood, is

br oken and ssol v chem cal . reactj ons. These chem cal reactions are

usual |y carr qSﬁ bers o iies fop r{orcilg SFEn; eIapQsiie matenials are
predominantly individualized fibers with partisl or complete removals of lignin

_ - components from the fiber cell walls. In one embodiment, at least 90% of the lignin
components are removed from the fiber cell walls. These fibers are preferably prepared by
chemical pulping methods, which rely mainly on the effects of chemicals to separate fibers.
Based on the chemicals utilized in the process, the chemical pulping methods are classified
as Soda, Kraft, Krafi-AQ, Soda-AQ, Oxygen Delignification, Krafi-Oxygen, Organic
Solvent methods, and Sulfite pumping, steam explosion pulping or any other pulping
techniques. In the chemical pulping process, lignin, which acts as ‘glue holding cellulose
and hemicellulose together to provide mechanical strength in the wood, is broken and
dissolved by chemical reactions.

These chemical reactions are usually carried out in a reactor, often called a digester,
under a high temperature around 150 to 250°C for about 30 minutes to 2 hours. The
cleavage of the bonds between lignin and cellulosic components results in weakening of the

bonds among fibers. With aids of mild mechanical forces, cellulose fibers are then

-



under a high tenperature around 150 to 250C for about 30 mnutes[t® APR 2005
hours. The cleavage of the bonds between |ignin and cellul osic conponents
results in weakening of the bonds anong fibers. Wth aids of mld
mechanooabi2Bpr ces, cellulose fibers are then -7 0 8 APRI/BSOE30NT 02/ 31287
PCT/ USO / 30967 separated into individual fibers. By far the nbost common
process for individualized fiber wused in fiber cenment conposite materials
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abr ade shred, or fr [ p cf&rh%h Fd s or?
t endr iA‘é“rF‘g%ﬁ g?ﬁeﬂthf’rg‘ﬁ H]ﬁéfl %&%p&%ﬂ%n g |§1%%1rvgg§g§st %%ﬂg%ﬁﬁn?glg?nt ly
| ncr eaaes, hilfuE PARES PP ofied obiTala hylrptdidr itk kibd cotmmultygsathen

i ncorporated into a ¢ ntitlous matrix. This fiber norphol o% enabl es

i mpr ougdhd papes niaking indostnyli Agdisbriypie cclinlole efiner iisrpreforably stspd Ay PhradRd
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of fiher needed ' gﬁ‘]iﬂ% 9‘%? éegrtﬁ%@% sE¥f¥ace aldditRatlie diilabRN 1 N
needegﬁﬂ ZE_‘F‘%‘OE@%&%‘%%Q fgniticantly redu e raw material costs since

cel | ulggsgorididiewher Bieb @S h abmyntitioue nidhdn This fhdrenorphdlegy enablast
conponents. I'n one enbodi nent, the fibers are_ di sperseg,at a gansi stency of

about ibptoved Eikei-matrix houtking whidly Tesyls anirapreyed siyength ag H’é‘P’r’qvﬁaiIf"Ipﬁ?ti on.

."yFurther fibrillation,can be achi eve y ' , =) '
) ot nand sbuheesigimego TR R p e, RS Eraclt i reflehf for B R €0 Bber
about a&%% }eﬁBZe%%Q QYhBRS 10diticSor (P adidud Bt antendgivee pademiancate].
ra Yy

prefe etween about 100 to 650 degrees of CSF, nore preferably
bet weanisaledudtickSh heed6d diberl egntentscanf siggfcantlysiedpes &8 Jpaterial (50515 SBGCON can

al so be_ achi eved by qther. techni gues such as hamer-ml|ing, deflaking,

refi nFﬂb{lOSﬁtﬁ@ﬁjﬂ%,ﬂ e W@m%r#lheé% @%"%@’H‘%ﬁrs wi t hout

fibrillati gholeedhsfnRAC AR Aoakb AspBRRE oDk S6tiigencdred aBEO6406% ihra anot her
er

enbodi ment; processing furt conprises flash drying the fibers to a

;m IstS Ea%@aﬁr‘ﬂg&g rwfh(;f]ﬁt ;%giao-n of Eﬁﬁmf ?ﬁinr?mlnn gf‘mﬂl?’:ﬁ?lﬁﬂﬁﬁl&m ‘fa:la% a@f_?‘ffﬁ? cenent

L or using aprliner pR R S retBeTh ooy b S5gr e BT E e a bl

CompaPbaob HEh d BB O G B B B P and. Roncr et o

f aci NBeweMPHBow EHELRBEY defiees bf (25T more efesitdy tietwéop droubABBdoi 450t he
degrees of CSF. Dispersion and fibrillation can also be achieved by other techniques such

as hammer-milling, deflaking, refining, shredding, and the like. Furthermore, use of fibers

without fibrillation is also acceptable for some products and processes. In another
embodiment, processing further comprises flash drying the fibers to a moisture content of
about 5% to 50% using conventional flash drying systers.

The orientation of the fibers in the facing layers of fiber cement is preferably
parallel to the planar layers of the material and this planar orientation Iaisc_as the tensile
sirength of the skins 10 to 20% compared to random-oriented fiber in fiber-reinforced
cement and concrete facings. More preferably, the fibers are substantially oriented in the
direction of loading. 1t will be appreciated that the fibers can also be aligned in different
planes to correspond to the desired direction of loading. The utilization of planar-ortenied
fibers is a more economical use of fiber. This is because fiber is more expensive than the
inorganic matrix materials. Less fiber is needed to achieve the desired strength and the

-8-



direction of loading. It will be appreciated that the fibers can @Iﬂsq%pﬂazw
aligned in different planes to correspond to the desired direction o ‘
| oadi ng. The utilizati-on of planar-oriented fibers is a nore econom cal

use of WQ®&¥287This is because fiber is nore expensive tHCIVUSONBE96T Nor gani c
matrix materials. Less fiber is needed to achieve the desired strength and
the -8 0 8 APR 200; WD 02/31287 PCTI USQO /30967 product is nore durable
becausepiddfict R BofUARRbIE bEBdvsé fheC RIHRO AGRALId fabiBs SosthbitnB s R¥s dilRAr by Agai n,
as descri bed above, preferred fibers for fiber cement facings are ce?'l ul ose
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di scr et enhtiiionl Matbvials dedo thdEbsIAIon FoeRs! tTeORghyr dégtedof Bhiiding per ot her
ingredients to forma mxture which can be a waterbone slurry, or a

seni - dripitgeduae of thefbettampnd leadsie Mgher istengtbmanst enbencedidyradbditysed. | n one -
enbodi nent, .fhe .cel:lul ose. fibers e mxed with cenent, .siljca, a,densit
nodi f: er an ﬂ@ﬁ&gﬂt?@ﬁm ﬁé?rls-fﬁo%‘?\f’momoﬁ'fl m’&F@)c"I&gj% 'SB BeIm aI d
slurry ; t 2h : i.ber ral

Y ifdredi@fisGo fofm! ?W%}n&?% Bk &gdagégir,]&%g sg% [ dé‘\’,&\?{tngh% g%te,

inorganic fibers, and/or synthetic fiber
engi neelepehdinghen the fhbricdtion groentnbe fsll Nip ot @nbakmenty iheazellalove dibent 0 a
shaped article froma plastic _mxture_qr an_aqueous slurry, with or

wi t hourgpBered, pathscorpent.psilica, 3 Samsity dpodifes, and jobiez| addjipvse da deweldawrwas t he:
“yHatschek s - pakee ﬂ{g ess, N PLOCes S, L,nj ection
)rml"'di ng; E%o?%éﬁgﬁfﬁﬁn I-ala‘ﬂ%@fg)?/ up; %diél%‘g;er Mgg%?{yﬁlé{;ﬂo?%%ﬁrgrmg{o ssing;
Four dr nmuei idddpie Gbers, ddd/or kynthétie fikdiitdadiec bleftd Wikiathe ch@inbered fibers.
The fiber cement facing material may be formed into a shaped article from a plastic

mixture or an agueous shurry, with or without post pressing, by a number of conventional
processes such as the:

. Haischek sheet process;

. Mazza pipe process;

. Magnani process; |

. Injection molding;

. Extrusion;

. Hand lay-up;

) . Molding;
e Casting;
e Filter pressing; -
. Fourdrinier forming;

. Multi-wire forming;
. Gap blade forming;
. Gap roll/blade forming;

. Bel-Roll forming;
. Wellcrete
. Others.



Gap roll/blade form ng; Bel -Roll formng; Wllcrete Qhers.u-B9A'}_,RBsz
2005 WO 02/ 31287 PCTIUSQO /30967 These processes may al so include

“post-form ng processes such as pressing, enbossing and others, after the

articl evos288ned but before the article is cured. The POTASEENNSIY St eps
and paraneters used to achieve the final product using a Hatschek process
are simlar to what is described in Australian Patent No. 515151. Thus,
after the pr i SGldyPao 2RRURe HOE hRIHBpRkEsed Gubs dshpRoshingst i
state, enabl ?ﬁ%§i§tﬁ}tg%csrg§t %a ??(s) %ﬁg%e gnd be ca%abl e of nol diig,g%gt S
not yet egabioRéing Quéi dtBeref aftdrethardrficle ds fesnadebur btfert el emticle ir efred.ablThe
occurs sinultaneously with the core materjal. b. Core Strycture and

Mat er i alpratessing slepsand parametersasedto aokiavedke Enalpgeduct 8ging @ Haibek prassent 124

in Fig. 1 and Fig., .2).0r _an .open,cere ) - Fi gs-.
3A, 3B, aé?lﬂmg@‘ %Orgvggﬁﬁé%ilﬁsﬁléﬁ%m A‘ﬁr?g n%%‘?‘@@ r5t1§ h%ﬁm%gg%ﬁgp%ggss%r ed
to be h GbGvD incIBRRPIFROR RERLSplitictate | dHBLIIROI o rétainliB Shipcund be
conposite). e or "a conbination of the follow ng nethods can_be used to -
reduce ichgabloopanodlimegdosid yot ybiy casdi nChing rof tharagticleolas described fhsdow. wi t h
a bubble size preferably in the, range of abput 0.02-1 mm into the core
slurry EEdempblyQsearssim sty with the.eote BRI e vol unes of | ow density

materials to,the rgsﬁ_L eyanﬁsl\%isﬁai core structure), or by formng the
core with s_tPUctu Terial in such a way as to forman open
net wor k havi e dote¥t@RnYO b4h WeOthat'ef éittict uablid abrep(elensdint 22 i Fig. 1\wadFig.

di rensions typically ranging fromabout 10%to 90% or nore of the core

t hi ckne@¥pr abwipenicote (elamenit 2.0l 2cq 8¢ JAd tip High bt amd dquEsseetiyely)-

Che. cor SRy he Rty abieatd B pe RubbERebts R ARt R GRS, 1O
situ, Obor ri?ft?egg? Eé{mﬁb{sil%ﬂd DR of 92Bhbifiion of AR TolBAARS aieliods Vah Be usaitoal so

be fornmed by a g a reactive gas-formng netal powder to the alkaline
cenent i fddacsthe lcomppsitesdepkitizs al um num powder, to generate gas voi ds.

Lowdensity additives are ded direct to the sl y.and kedui e .no
addl t Ional prOCGS?Yﬂgﬂmamg q B 1mmes Oi‘}(oam, erth a%)uhl{)fe Slze-preferiﬁ)llly m the

range of about 0.02-1 mm, into the core sluiry (solid core structure),

. by adding large volumes of low density materials to the core slurry (solid

core structure), or

. by forming the core with structural reinforcing material in such_a way as to
form an open network having a large void volume (structural porosity, with
void dimensions typically ranging from about 10% to 90% or more of the
core thickness), but with a structural design that produces adequate core
sirength (open core structure).

Large volumes of foam can be introduced to the core by adding foaming agents
directly to the shury and foaining in situ, or preferably by adding foam from a foam
generator. Voids can also be formed by adding a reactive gas-forming metal powder to the
alkaline cementitious sharry, such as aluminum powder, to generate gas voids. Low-density
additives are added directly to the slurry and require no additional processing. Fabrication
of an open core structure involves construction of the core prior to assembly of the
composite.

For the open core stmctural design, the core is preferably made from a sirong
material in a shape and orientation that structurally reinforces and supports the facing

materials. The objective is o create the strength and stability of a monolithic sandwich
-10-



.of an open core structure involves construction of the core prifo§ APR 200%

assenbly of the conposite. For the open core structural design, the core
is preferably made froma strong material in a shape and orientation that
struct 0¥@IM/§128i nf orces and supports the facing materimBUSHIB®6GD] ecti ve
Is to create the strength and stability of a nonolithic sandwich -10 0 8
APR 2005 WO 02/ 31287 PCT/ USO1/ 30967 conposite using an open structural
design t LIRCRY; B - gﬁraﬁ ' RAGSy SOHES shde

conposi tcgﬁ{\}\)&h%?gﬂ%ﬁ%h%%hﬁgﬁ?\gﬁh esi é%i""?@é’?‘ﬁs;e ope(;r%ﬂﬁgileycongéé grfgl

cor r ugatredes . thd hengposte ofeighhe Swihnftorotim) denges. wludecopemehamycdmborndnt ed
either parallel or_ perpendicular to the planar axis of the conpgsite. The

‘st ruct uCaTugRions.o lide s ek the reniopsing oo shars F¥Lbe pHeRted githesipagsllcl or
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-mat eri abe @hadd G fidehcekARTT déddhRisiidhyYand prbdess Aedtribed Rb&VeC of Bthefebtod of

)

produci ng open structural core designs such as honeyconbs or other
mul t i - ceffeetyves wigid troatesals sudly as plastic diber-ramipteed plesice meal, erbeudboend is a

oo ety o G AL IL LS IS e SR B
i ) 0, 20Q- 0
concent il e e i 1 S oot AN At R Bl o

pr ef er aAhyihenprfatedenttodiatent is BdoesirusidnT e remdfadingresaidl. i n a

concentration of about 0-80 vol% nore _preferably about 20-70 vol % and
nost pr ef er abhgselishepre fommylatipn mmpne gubqdiment cOEPESESa| | preferably present in

a concentratjon of ,abput Os 0 Ao () [-abl - %. and

nmost preferably a%gtlﬂqpeﬁﬁrgfg%\g&%régﬂ %“éh?%@&%%?@ﬁrﬁgﬁ‘ﬁ?é@ ‘Z’%”\Q&‘) ©

concentration Of plefiblpaBout0bis0TRYE andindlsPprRRkabIEBGH: 2880 W 9% and
abo

nost preferably ut 0.5-1.0 wt/o; and addi ti ves and admi xtures
preferably presenvoiiln formeshbie foamainghe glurgh quefembho twnosizenamge wf abentibl y

bout 0-10 wm % NSt f bl y .about 0-6 wt % h lid
20%6& tion pr(zaf ﬁ%ﬁg’sﬂ?@{%‘&wﬂ? E?%P??P ,u%aft%gﬁts,a’%glnﬂoﬁgﬁ%& ures

~ desired for core peRRAY kSht 2670 veR, B RO RHAER B BYsEUSET Or gani o

(pol yneric) or inorganic binders- The polyneric binders can be foanmed or
unf oaned and carm €illet miaterihl, [prefemblyThresqnt ah ar condertiatida roftabous 8-80rwi%hese

LA SRR TN
. fibexrs, preferably present in a concentration of about 0-5 wi%, more
preferably about 0.25-2.0 wit%, and most preferably about 0.5-1.0 wt%6; and
. additives and adimuxtures preferably present in a concentration of about O-ZQ
wi%, more preferably about 0-10 wt%, and most preferably about 0-6 wt%.
The solid core composition preferably includes foam, fillers, additives, and
admixtures desired for core properties, and can be bound together by either organic
(polymeric) or inorganic binders. The polymeric binders can be foamed of unfoamed and
can contain fillers. The preferred binder to use in these materials is an inorganic, hydraunlic
binder chosen from the group including, but not limited to, Portland cement, high-almmina
cement, ground granulated blast furnace slag cement, gypsum hemihydrate, gypsum
dihydrate, gypsum anhydrite, or any mixtures thereof. More preferably the binders are
Portland cement, gypsum hemhydrate, gypsum dihydrate, gypsum anhydrite, or amy
mbxtures thereof.
Admixtures for the solid core shurries include viscosity modifiers, accelerators,

retarders, foaming agents, and dispersing agents. Lightweight aggregates or fillers are used
' -11-
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rc%?ﬂl}fna@ojﬁ? ltﬂeréoqs ' ﬁle?eﬁred non-cementitious binders mplude but are not limited to

polymers such as acrylic and styrene-butadiene latexes. In one embodiment, the second
facing is fiber cement manufactored like the first facing described above. In another
embodiment, the second facing is made of a different material from the first facing. The
preferred materials to be u-sed for the second skin Include thin fiber cement, fibrous mais,
paper, continnous strand two-dimensional mats, and polymeric coatings. The preferred
fibrous mats are made from fiberglass, and can be either nonwoven (veils) or woven
(scrims) using continuous or chopped fibers. The glass fibers are preferably alkali resistant
or polymer coated. The surface of the second layer can be shaped, embossed, or patterned
if needed for aesthetics or functionality. Other examples that can be used for the second

n

facing are described in the section below entitled “Overview of Other Sandwich Composite -

Embodiments.”

d. Composite Processing
Tt is preferred that afier the manufacture of the components above, the compostte is

cured sufficiently to attain a minimum level of stiffness before subsequent processing. If a _
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.or polynmer coated. The surface of the second | ayer can be shaped, enbossed,
or patterned if needed for aesthetics or functipnality. Q her dk AmpiPRs 2005
that can be used for the second facing are described in the section bel ow
entit| &0 2GIEA7vi ew of O her Sandwi ch Conposite Enbodi nerrgseissehe7 Conposite
Processing It is preferred that after the manufacture of the conponents
above, the conposite is cured sufficiently to attain a mninmum | evel of

stiffnesg; g&lﬂr n R 1287
oy ey e e R e R o

mani pul aiandimg egitinge dnd atackingcemscauba ddinage suchitat icrapkin sithirathtel ogrecan
cause damage such as cracking within the core or_ delamnation at the

cor e- skidglapynation ¢ éhe Eﬁﬁéh’al m@fféﬁp tP@@éﬂM&fhﬁmﬂﬂéO&dﬁﬁ%@%ﬂw be

air-cur ele d- er [,e bon
pre- cur i’ﬁ ‘ﬁeeﬁevaéegt 5 e cgr%d’cgba% ur’ e atg a% ﬁ%%smﬁ&e@of .
The | engmcmei Id?ecaaesa@drehomy c@ﬂﬁﬁﬁﬁbﬁseﬂ@}écfff emh@qc@ﬁl &fhﬁne needed for

tenperature-time schedul e needed for adequate curing 1s dependent on the

f or mul acompesite netiffening’ and dheé dognEravestone sxbeddie reedal fordadehogte akinghis
conposi te. These fac ors Qan e adjysted with the af se cont II|ng
adm xt ufiﬁé‘m& 108 the B8 RIIHE g’t?c thee.

will be h A y the
curi ng (0] erren?ht I OUS rra‘fca&eirb! arlﬂgﬂﬁzgut aﬁfs ﬁ?g;g?g{d%]?ﬂo non- cenent | ﬁng{’ps
mat er i ahfguéthgt Sksiny paraiidi®s fechds, tempéxmé skt wﬂnbe@ppxeaimdlthﬁr&anras

uncured fiber cenent faci n S R@eferab .pre-fornmed

slurry- mwlrhﬂﬁgnaﬁ HieREROWY @@@wls but alse fcindaseet

that is_in | dabl r to manuf acture of the
corrposﬂf‘%’ egﬂe& ?S%e%“ ovggg"l‘h%fihé%ipgé?’?i )rdl ng material is _ _
preferably gasarhinfsbdindnidan RGeS dibst aérﬁ‘eaﬂfﬁc;h Q@pfdférﬁﬂly prllﬁﬁn%d%ﬁﬁl te 1n
one enbodi nent may preferably first be pre-cured in a pre-cure chanber at

el evat eshurespeateing @roness, rchtasytbe rﬁaﬁs@hekyproges& to afomea shaeb thdiaishimr aat

I d I h f
done. 1 GPOE G et St prior g et SERB GrEod & drdel Bere Thhour s
or | esSompSitbhitdths ARidihe Rrd¥BraBly’ as%éﬁlﬁﬂd ihMan eﬁlﬁu@m@ey éﬂ?f‘ﬁlenfcﬁfed |

approxi mately 30 days. More preferably, the pre-cured article is
aut oc| dikecontposite B encatmbdimaenay preferabist fysiduspreasurad m aspreamsdtamt@r ed

envi ronnent at., about 60 t QcC for out to 30 hour referably
Shout O Glya e S rPBRYR TOOROn e 18 RS CGs SRR, 4t SeRed ooy &
and cun Aflo Wﬁmﬂﬁﬁtg S refoRath ech P%—Hi}lhféi% tﬂﬁgﬂ'ﬁi%ﬁ&&’ér ng
processém] € process para tersreand © I na orsm o? at

ambient temperature, most preferably 24 hours or less. The article can then be air-cured, in

)

one embodiment, for approximately 30 days. More preferably, the pre-cured article is
antoclaved at an elevated temperature and pressure in a steam saturated environment at
about 60 to 200°C for about 3 to 30 hours, more preferably about 24 hours or less. The
time and texoperature chosen for the pre-cure and cm.'e processes are dependent on the
formulation, the manufacturing process, the process parameters, and the final form of the
product.

It will be appreéiated that although the embodiments above describe simmultaneous
curing of the fiber cement facing and the core, the curing need not be done simultaneously.
In other embodiments, curing can be performed consecutively or sequentially when the core
and the fiber cement cure in different times. Moreover, the core can also be made of a
material that does not require curing. In these embodiments, only the fiber cement
component is cured. It will also be appreciated that the fiber cement can be partially cured
or dried prior to forming the composite building material.
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product. It will be appreciated that although the enbodi nents abope APR 200
descri be sinultaneous curing of the fiber cenent facing and the oﬁe, lgh?é]
curing need not be done sinultaneously. In other enbodi nents, curing can
be peM®onndsconsecutively or sequentially when the coPETUaH%®He fi ber
cement cure in different tines. Mreover, the core can also be nmade of a
material that does not require curing. In these enbodi nents, only the fiber
cenent COWM%%Guh&%D Bf @b chinpwditd isadae With appietired Eibet baherithshedti trer

cement can be partially cured or dried prior to form nq_t,he corrpognte

bui | di pgoduet estronper int@TEiAd laper bondng\oomsist 28 7espatiallpoalragyisy core-s

Manuf acturing. of the conposite.is.d W th.an uncured f.i b RN heet
to .pr dﬂh@éﬂfgl@%ﬂ@é’i‘g hﬁﬁ‘Pﬂaﬂ@g’llﬁgﬁmﬁBﬁlﬂ%@%&r@g"lcgpn%rgf teh;ég:e ntially

el i m nat.e_core- skj Igﬁi( A | WecRg a8k icR8nicat b bétet@ieat i on;’
and sef PEEFOC@S-SC?J?]}%Q f t g%?@n%n skins prcoduces a(ﬂrr%ual |y

i nt er pepRtnatibRBcdiidlt akine dhisiipe ofi bondiag issandergudatovesiurdbheconpared tind
fiber cement skin. This type of bonding is,stronaer and noye rabl e

conpar fstting theocoripapite sitgomred i fiber gemey insand fApey netorpghire aRRGFYELI0Y Joes
t ' dhesi t d the | . [
b ncler Bpad fedruses sgpie dit goceiaaigd BYAHLE BARD B profdaBiG ARLE idtbida BT AL 1 ©
hi gher cér%ﬁ:%&é: ?’&essﬂ%‘}nﬁ%ﬁalﬂ% Hi§HRe tr68TRpaL. TRERSRUST ey e6mert Tacingygioas t e
NDI St ure a

excel | ent abuse resistance. Good fire resistance can be

obt ai ng@ Eympdisteuaeellait moishirevasl thate whistoce.velgod | fow fesistaneh spmdie
conduction and control the pﬁ}rgmagbiJ iby of nélhe m crost ruct ure, Th&o}
conpospbiamed by the ysc BE 2ddisves;that eHectiyghesloy grtp?ﬁ%[lé’?n Piag gou or gani ¢
or inojganic .Lri cilktthdbgsS tRET [ | @& have

functi aﬁ’mg@sﬁd hoglstﬁ%;%?%kp%w ng gg?e&%ﬁﬁ%ﬁ%ﬁﬁgg %Fﬁ%ﬁﬁg control,

t her majpteriaperd] BdrhPrisedesttorbiniie dqirinbgahicanatefile onsmixtires theedofr Gt prpvidsent s
results inrapid stiffening desired for the. high speed, caontipuou

pr oducsriecial Ginckinpaliyravek ias by, TPRREME;ETe KRS banding, Jpirire FeRIg ﬂﬁ’[eﬂﬁ‘%core
slurry, into the_uncured facings during nmanufacture can accelerate the cure
of t helPFHipEon ¢ PrY¥CUORas. Hi gh production rates require the rapid
stiffening phe hCofCREBERLLE abenteRedhlte in hpidibtifigidgn destredtfonthedigh steadki ng

w t hout col | apse of the cores or damage to the conposites. The use of
pr e- f otcmtitinousnEodectioni dfghe compnsitesk iReneisationrof the g0 2R, SOTE § as

outlined helow Fifgst, ijmproved I.n-core ' | td ual 'y
i nt er pBifeth Ametged Mrﬁ‘gﬁ'g ARIATHIG ¢y “tég%t%g?é %illjiés&fi%%r%t{/egg %onﬂa’i ng
pr Oducﬁéin@_g hgioh D58Eh AN rates require the rapid stiffening of the composite to enable

' handling for cutting and stacking without collapse of the cores or damage to the

composites.
The use of pre-formed, uncured fiber cement skins offers a2 number of advantages as

outlined below: First, improved skin-core bonding resulting from mutually intetpenetrating
mechanical and chemical bonding. This improved bonding produces higher bending
 strengths because this type of bonding is stronger and more durable than the predominantly
mechanical bonding that occurs between cured fiber cement and the core found in the prior
art. Tn addition, the improved bonding results in improved resistance to or elimination of
core-skin delaminations that can occur during handling, cutting, installation, and service.
The use of pre-formed, uncured fiber cement skin also results in reduced
manufacturing time. The uncured skins can be concurrently manufactured and shaped, »
jmprinted, or embossed prior to assembly of the composite. An ncured boﬁoﬁ skin can
also act as a carrier sheet and, by bending the flexible skin material upw_ard at the edges, it
can act as a mold for the core material, enabling continuous production of the composite.
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.strengths because this type of bonding is stronger and nore dura g g &hﬂmﬁ
t he predom nantly nechani cal bonding that occurs between cure @
cement and the core found in the prior art. In addi tion, the I mproved
bondi nv©® éx3M28% i n i nproved resistance to or elim nati arCTSo1BM62- SKi n

del ami nations that can occur during handling, cutting, installation, and
service. The use of pre-fornmed, uncured fiber cenent skin also results in
reduced  MBNUARE idfiiddd ohil TormllRSord NRMEASEISIHo RS afBNinBRoFONSHEER Ml ¥ layer
manuf act ured and shaped, Inprinted, or enbossed prior to assenbly 0of the
conp05|tﬁnnmnmunAﬂmmdmb@hmﬂnmsmmnﬁmmmmga&mﬁsnmﬂwanmwwdéﬂxﬁemneﬁekhlamﬂ by
bending the flexible skin material upward at the edg ' can act as a

mol d f or caupRcllbpee %ferbé foan strusians|at thy KBheTR HHE"sfacﬁrth‘a%QWSﬁ dgpseyigteriayer
200 d
For it at g s e s0h s %Eg{ sirodged B0ffind R ARSRPRS AREE

Admi Xt Ur k$n S LR, a&eﬁmtcbnm&mtﬁgm%ﬁtehﬂﬂme lhhﬂﬁl*éﬂ%ﬁnfsldiﬁrbe%ﬁ@% héijj n can
cause col | apse of the foamstructure at the skin-core interface to produce

a dense qontreﬂhaymckndsﬂafﬂm@nae iiterfayier ﬂumsafm'nnng Il ks avich mare svater ng i n
a stronger bondi ng the, core to th S car ef ul ntrol of the
Nt or ¢ D e sy et EPERRE CaleRe 033%8 o5, S ity 1) Skitrgore

t hi ckne %ﬂﬁ%s a

wat er ?ﬁ%n1the cor ﬁ‘hp%éggn ?gﬁ?%ﬁﬁ%? O”P%gg?&?f&yﬁk ggﬁqgtructure
at the sigphediorihe contsidd aftibe fibes uérhémgkimbefordeazsamblytib ifotler voptovelcayer . A

dense |nterla er- material can be applied to the core side of the fiber
cement Skinbos re assenbl y to further inprove core- skin bonding. I|nproved

ski.n curing ar -"uv oquggce er%’?‘ R% %{%&nté&?ry&%‘ﬂF FAnslel-(n %@mmd%tsscrl bed

above. Adm xtures su e 'core slurry cal

W cked destiied Bbovel DdmB@FBNSuchadi dobalérdting h¥editKindhe cafCsiney shifbd Beckedr i ng

of the fiber cement skins. Cenentitious material in the core slurry can be
wi cked imde dhe Blerfcement caplaey netsiork apdprcelemtsy theawingraf the beissieansiing.| v

Capi 1 GemeBSiERatinte He t1€ shiny 35 ke RS I ¥l b8P spiliary
unexpechaloyk HRPsibbiaAtdlly reRBuRE j}&ﬁi“eaﬁ[ht)f b8k fibeFEdRhen? aimb& Killi’ngbtﬁeas
much as 95% e. Qher T )Wof Conposite Building Materials It wll

appr eci eapslarich avitlt érmnaditidus lhactigrpproduetpo Jhiseprireese Ihaahsemsfcﬂlwmﬁllhénm n
represent, only enbodi nent ent nventlon and thus, other
types of"dt‘ﬁ'fﬁ%é’?ggermep 3&&?%?@“’8 5/6 be made incorporating a
pre-formed, uncur gghe TYpes FURosite BIMERR Materials

It will be appreciated that the sandwich type composite materials described herein

represent only one embodiment of the present invention, and thus, other types of coinpqsite
building materials can also be made incorporating a pre-formed, uncured fiber cement
component.

Fig. 7A illusirates one embodiment of a building material having a circular cross-
section, wherein a lightweight material 16 such as described above surrounds a fiber
cement component 18 such as described above. As shown in Fig. 7A, the fiber cement
component 18 may be solid, or as shown in Figs. 7B and 7C, the fiber cement component
18 can be annular. In Fig. 7B, a lightweight core 20, which may be the same material or
different matenal from the outer component 16, is provided within the fiber cement
component 18. In Figure 7C, this core 20 can also be annnlar to define a hollow region of
the building material therewithin.

It will be appreciated that the components 16 and 18 in Figs. 7A-7C can be
switched, such that the fiber cement component surrounds a lightweight core. Moreover, as
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Fig. 7Aillustrates one enbodi ment of a building material havi nmb@ quﬂcgg%r
Cross- section, wherein a lightweight material 16 such as descri bed above
surrounds a fiber cement conponent 18 such as descri bed above. As shown in
Fig. 7Ayobhi®281 ber cenent conponent 18 nay be solid, oPCHYSEEMY in Figs.
7B and 7C, the fiber cenent conponent 18 can be annular. In Fig. 7B, a

| i ght wei ght core 20, which nay be the sanme material or different nmaterial
from t he,Quh &f gg%??ﬁnﬁ‘?%e]ﬁlﬂdhfg RBERMACRA Wot bé Birédler fd dape, batrend assmamgponent
18. In Figure , this’'core 20 can also be annular to define a hollow
regi-on @hanytdtkerbfotrhel b welinifigs. 4D-THhdhstuite inn embodignent ipevidgh paetanstlat hat

SRR Y L
APR 2005, WD 02/ 31287 PCT/ U 7 | Fi g os I allthe wavikstipe
mat er i al'*hEEHTREE g&lﬁ%&?} aﬂ&g?eggcgh’g'%g?ﬂgntﬁﬁ%g%&%oglf%eﬁﬁ%g@ g{ﬁﬁg forms as

wel | . FiggSeord Ba, it bhd 486 &abi8l &iigp i@and thercovdli ch a rectangul ar  core of
| i ght wei ght mat’erial 24 is surrounded by a fiber cement facing 22 .that -

extends al| Futthemembadiognts arhallnstrptediisi Figs. I8 and A/F, TRhaeins Qe 28 #eed
t extend. all th d th 4 but
ot t £ al PPV RETORRAE ALY, 0 BEIE At 7 908 of Saner pif 1E iR feiilas .
d 7F, ' ' ' i 24
and, %"%‘# &m@%&%%@tggﬁ?ﬁﬁgﬁﬂ &S Fe Bid' anienH b mbielall JaiFIE TRYELS

and 26, : r cement as described above and the other
of whi clihifhiel thdt e &aeR6 edn e ldlownat erial . In Fig. 7F, it is illustrated

that the core 26 can be hollow Fig. 7Gillustrates. anot her. .enbadi. t
wherein a |i @'iﬁ-ﬂéi@nﬁﬁ%@r@oﬂwrﬁ@b%‘gﬁ’ﬂm‘@@'ﬂm ﬂé&%@’r@fﬁﬂeséé? Ff’dﬁfwa 28

and 34, i ch, may be fibe nt f.aci Sﬁi&p £ ' hepne
core 30b%§%g"%¥%mgp{3§?r§ 28 %ﬁ@g‘?’i “éjﬁlgiﬁkds} gl%fe - reicﬁlﬁggﬁgg&\gnp?%haﬁ%?%ﬁﬁar y

rei nf or geRRN TRE cod3@ hnagat«e hecohiposits niaterial el inforakiswith . anFomnlay of
Preferred Fiber Cenent Skin Building Materials One preferred enbodi nent of
t he i nvesifonemenhd?2,ivddeh may b Kibens gr pleewpigriallade from a | i ght wei ght ,

cenent - cont aj.hi ng e W by rRatial |y surrounded by
a fi ber“cenpSEaXpys e SiBas Bt A i fo" thick, which when
cured, is of OnQiéQQfeﬂH& 2hiHoliinlenttEthe HARRESD. tconiprittd glbuildiil Biaterah dnade

at nospheric gases. The bonding between the fiber cement skin and the

| i ght wefrgint 2 lighteveight,cement-caritaiving, Ihecasheore whichy izt lesst pavtialy sameuadadn j s

capabl e of being bent, fo|lded, o rofiled. $5.Qf t.h r nface- t hat

are not?%%@%%@téwﬁgﬁc&@éﬁkg? ﬁﬁ“@@ﬂ?ﬁ f/?én %ﬁfﬂﬂghﬁ%ﬁ cﬁrlr%fla%eo or

faced V\fn%ﬁ cﬁﬂﬁﬁiﬁﬁ; when exposed to sunlight, water, and atmospheric gases. The bonding
between the fiber cement skin and the lightweight core is cementitions. The thin, uncured

' x .. 221

fiber cement skin is capable of being bent, folded, or profiled. Parts of the core surface that
are not exposed to external weathering conditions may be left unfaced or faced with another
sheet material herein described as the second outer layer, as desired.

The composite preferably has one or more of the following improved attributes,
including lower cost, durability and workability (including handling, cutting to shape, and
fixing). Moreover, multifunctiopal performance is accomplished incorporating any
combination of strength, abuse resistance, fire, acoustical fransmission, and aesthetics by
the use of sandwich composites as described above. In terms of manufacturability, the use
of thin green sheet allows the skin to form a shapeable mold for the core. Additives enable
the core and skin to be rapidly and controllably cured to form a cementitiously bonded
monoﬁﬁ.

The use of pre-formed, uncured fiber cement skins in the production of sandwich

composite boards is also far more efficient than using cured fiber cement skins. The nse of

-16-



.Sheet material herein described as the second outer |ayer, as dgsBréBR Hﬂ@
conposite preferably has one or nore of the follow ng inproved attributes,
i ncluding | ower cost, durability and workability (including handling,
cuttind”g@ﬂgﬁ@be, and fixing). Mreover, nmultifunction¢T/BENB86Tance i s
acconpl i shed incorporating any conbination of strength, abuse resistance,
fire, acoustical transm ssion, and aesthetics by the use of sandw ch
conposi t esred Fibde serhéd SRind Betitres Eifbek € e Off nidide foaedniia ki loviaple dode sligsy, Of
thin green sheet allows the skin to forma shapeable nold for the core.
Addi t i vesr theaise ef a npe-flowablesare mix which wswld bpiedp pegampeeiad iodttaabe planared to
forma ce titiousl.y bonded. nmonglith, The use of pre-fornmed, uncured
fiber ce ﬁg%@%gOfﬁmFH@@%PﬁﬁﬂgﬁﬁﬁﬂmB@ﬂégﬁaﬁﬁ%ﬁPr OGS poards i s al so

far nore ef fi ¢henfi dib B9 of Uh€ Ihinl DREFRREE SreSK I fitRr chifent! SBNObr hd6 O 8
ABR 5008 Vo 057E Pl ol SHA0 oL Uhe dhint MEARTE rellC dtr Eiiftn requires

ei ther tpefard ahbodirdatst slse amhblentha fkimwabbe wrapped lavvund, coraerst foe foruse of
a non-flowabl e core m x which would have to _bhe conpacted to attain a planar

profile. am'aém' @prﬁlégéhmn@df@%lﬂwbc@ﬁ%d Hbergsment gddke product i on
Ckinof e TRERRSRGhN Rl o e BRI an OG8N bl mAEE

around Ccefthe st aftfihifes 6EHBcR08HER! sueh apr Of i | ed shapes not possible with
cured fiber cenent skins. The nultifnctional performance of these
.enbodi nents st ens doneepmbivetiblonbi nati on of the desired attributes of fiber
cenment, such as on- conbust i bl e, | ow fl ane spread; rot resistant,
mol d-and fundls rg'é’?v A spready o i fe resistant, finished exterior surface
*_) for .painting,, e%p‘c&ﬁ%ngur ability, resistance to degradation by noisture
. weat her resistant, abuse resistant, with additional functional
attributes deri vednbldemt fintppeessigtzaiti c conbi nati on of conposite design and
mat erials, such as: . . ‘ :
. ternmte resistant, ‘
. finished exierior surface for painting,
. exterior-durability,

. resistance to degradation by moisture

<

. weather resistant,

* abuse resistant,
with additional functional attributes derived from a synergistic corabination of composite
design and materials, such as:

. shear strength of a framed wall similar to plywood and OSB sheathing,

. fire resistance of a framed wall similar to type X gypsum wallboard,

. thermal insulation similar to foamed plastic, |

. structural adequacy for partition walls similar to engineered wood panels,

. acoustic absorption or low acoustic transmission,

. ability of the composite to be molded .due to the plastic state of the fiber
cement skin to form folded corners, architectural profiles, or to make a full
wrap of fiber cement around the core material.

Examiples of preferred multifunctional embodiments or products are described below.

a. Fire + Cladding or Substrate

An example of a preferred product combines the desirable properties of fiber

cement with a fire resistive core material such that the composite attains a fire rating
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shear strength of a framed wall simlar to plywod and OSB sheat hi]gm , APR -200
fire resistance of a franed wall simlar to type X gypsum wal | boar

thermal insulation sinmlar to foanmed plastic, structural ade uacy for
partit vomoxzi2és simlar to engi neered wood panel S, I38%dor ption or
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the plastic state of the fiber cenent skin to formfol ded corners,

ar chi teCE @Alexﬁrtef 8% lﬁ@mlseara i tesiwdago ABTM [Rnl18cherbtedonand t he
core mate o preferred nultifunctional enbodipents. or.
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achi eve ficgfienceRwithl ASEMAOelT7! eEhe ddvantagacfdthisame i thas fprovidey botipe
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and a duheishad issulatiqnoands a rdugghle Egtering ?‘i?ctcouﬁjg %FEHF ﬁﬁgﬁl 5?{] ?‘ggt

yreautre gogelAshiaRoR o Bl ModlRACA: Q?ﬁ%@hﬁﬂﬁﬁﬁbﬂéitﬁ Nduch as the
co

funct i orfSAYTS2 © nat1on o oam pl astic t her nal

i nsul at | QgntRaiRdh o@ﬁd‘oﬁﬁpﬁ%ﬁeﬁhﬂﬁaldhﬁﬂhton@andanﬁlan@xﬁeﬁmehdﬁngl nsul ation +
C addi ng or Substrate Anot her exarrpl e of a preferred product conbines the
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type X Qéﬁ,%umi?u ReRhd indiaiddmre haegiablo hitisvechighasRivahmatvednaested it hat
it provides ire resistive material, a thermal jnsulating naterlsfl} and

a dur ablaecendbmeeivith ASTME: 17D anfalsomshieteha T sesiRive ratfng SRV Al t ens
require mJLt | plf D dlaﬂgoa?cli %%%El\sras}tggeagft tﬁfs%ompomte material is that it provides

a fire resistive material, a thermal insulating material, and a durable exterior surface to the

building assembly. Traditional systems require multiple. building products to attain
equivalent functionality, such as the combination of a type X gypsum wallboard, a foamed
plastic thermal insulation panel, and an exterior cladding,

d. Shear + Cladding or Substrate

Another example of a preferred product combines the desirable properties of fiber

cement with the racking shear strength, tested in accordance with ASTM E 72, that is
provided by fixing the composite material in a fr_amed assembly. The advantage of this
material is that it provides the necessary shear strength in an assembly that has a durable
exterior surface that is non-combustible and has low surface burning characteristics (when
tested to ASTM E 84). Traditional systems such as APA Rated Sheathing and Siding are

combustible and have higher surface burning characteristics.

e. Shear + Fire + Cladding or Substrate
Another example of a preferred product combines the desirable properties of fiber
cement with a fire resistive core to achieve a fire rating equivalent to type X gypsum
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_equi val ent functionality, such as the combination of a type X gyb8ufPR 2005
wal | board, a foanmed plastic thermal insulation panel, and an exterior
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of t he drorgcAPlxhanes sar mﬁdﬁ.“ﬁgﬂhmwmﬁw%%mm iprep!

conpl ex,, es can be nade with these conposites conpared to traditional -
fiber cenent. 3. Overview of Other Sandw ch Conposite Enbodi ments Having

descri lged pr@vavieadofdiles SapdivichaDampositd Embsdihéxtts provi des further
descri ption_of _sandw ch co osites, I.ncluding those enconpassed by the
preferred diyag desmibed 9t 16"38(%@?0“[51‘ dhist pestian| providsiinfurthses of

sandwi Mﬁgg S&tt %gndw:ch composites, including those encompassed by the preferred
embodiments, as compared to other traditionally known types of sandwich composites.

Generally, high strength—to-weight ratios can be attained using a sandwicl-l

composite design combining high tensile strength skins with a lightweight, rigid core.

Products using this type of design include aircraft wings, surfboards, boat hulls, cool-room
panelized walls, and hollow-core doors. Sandwich composite building panels include
- paper-faced and fiberglass-mat-faced gypsum wallboards, fiberglass-scrim-reinforced
cementitious tile backing boards and sheathing, and fiberglass-mat-faced .gypsum backing
boards.
a. Common building materials
Some cormamon building materials have multi-layer construction, such as plywood
and fiber cement sheets. The composition and structure of each layer in these particular
multi-layer materials is predominan{ly the same. Most fibrous reinforcement is directional
or oriented within each layer, causing the physical properties of the composite to be
directional. For example, the tensile strength of the composite is greater in the planar
(layer) direction of the material than in the direction perpendicular to the layers. The layers
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General Iy, high strength-to-wei ght ratios can be attained using af fankffit 20
conposite design conbining high tensile strength skins wwth a Iightweight,
rigid core. Products using this type of design include aircraft w ngs,
sur f bo®i®3126Gat hul |'s, cool -room panelized walls, andP@RI$EERIW3re doors.
Sandw ch conposite building panels include paper-faced and
fiberglass-mat-faced gypsum wal | boards, fiberglass-scrimreinforced
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I t d f
or oducedor RNk BUH G 35 chECweS by ESRdel 15hPeT e‘i"ﬂ%ei’&hes*é?%gﬂ”g
physi Cgej %f{ﬂe%nﬁjyéﬁg\ﬂ t-hout the sheet breaki ng in. bendi ng. Additions of

foam and/or |ightweight fillers to the core mx of the sandw ch conposite
reduce the bver alSandweshdBompgdsite Rlesienrfponsideratioss Sandwi ch Conposite Desi gn
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and relativ
tensile strength skins or facings, allows composite materials fo be made thick enough to

impart structural rigidity without rendering the product too heavy for ease of handling. The
flexural strength of the composite is determined mainly by the tensile strength of the skins
as long as. the strength of the bonded interface between the skins and core is adequate.
Failure due to bending of a sandwich composite can occur in three distinet ways. The face
in tension may fracture, the face in compression may buckle and/or delaminate from the
core, or the core may fail under shear load. Failure under shear load can occur etther close
to the interface of the core and skin, or within the core itself. Good interfacial bonding
between the core and skins is needed when using lightweight core materials that conomonty
have high pore volumes.

c. Facine Materials of Building Material Sandwich Composites

Facing materials, or skins, are generally in the form of planar materials, comprised
of sheets, mats, plates, films, and coatings. These facings can be made from sabstances
such as metals, plastics, wood, papexr, organic or inorganic fibers, and cementitious
materials. Facing materials used for sandwich composite building materials as described
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tensile strength skins or facings, allows conposite materials to be nade
thick enough to inpart structural rigidity wthout rendering tr&aﬂpﬂ?&uaﬂﬂﬁ
too heavy for ease of handling. The flexural strength of the conposite is
det er mi@82#BFhly by the tensile strength of the skins PEEUSBAP6Es the
strength of the bonded interface between the skins and core is adequate.
Fail ure due to bending of a sandw ch conposite can occur in three distinct
ways. Therdidacludd piygstsshests,MAlrols agitsy Eberitldmfiread cemeto(AT)e 26d diberayatbuckl e
and/ or del am nate 1Promthe core, or the core may fail under shear | oad.
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commonly ha erial
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of pl.anaememttaadectdysthe mmhelsp:d»cessfm qiabket kbelowat Vhau dryethe gyphos paporchas
coatings. These facings can be made_from substances such as netals,
pl ast i c3imagbserensimes theostepaativ ob the; fibergermeat.f iHpsyayer, apben: theefacings gvare

materia!gi %\45? bw! terials
as descr ?%#%’%@ﬁ%ﬁﬁ&%’%%&?% /‘1@3@%@%5‘ g&]‘h aﬁde
paper shRaiber cérhdiit@étains@ kbout bvd-Biirdseififs g sgbngarent (FC), and flber-mat

rei nforced.cement (FMC). (1) Performance of Facing Materials in Mist
Environnents The wet and dry strengths of a typical gypsum paper are
compared to cellul ose fiber  cenment anfigq by the Hatschek process in Table 1
bel'ow. When dry, the gypsum paper nost seven tines the strength of

" )the.fiber cenent. Hoyever, —Whenm ThefaGId satunated with water, the
gypsum paper had lesg than 3% of itis original” strength, whereas the fiber

cement retained aboul FagagMutériid of Dy, MiPy jt VéstgMPaTdbl e | Tensile
Strength Facing Mat er ial Dry, MPaWetl: NMPa Gypgum Paper 401 (0.014" thick)
* Fi ber cement Gypsu  Paper 40 1
{0.014” thick) '
Fiber cement 6 4
(0.068” thick) |

The papers used as facing materials are quite strong when‘dr_y, but lose almost all of
their strength when exposed to wet environments. Water repellant additions to the paper
tmprove the water resistance, but prolonged exposufe to moisture can still result m
degradation of the core-paper bond strength and the paper tensile strength. This can
eveninally lead to delamination of the paper from the core, and/or failure of the core
material under minimal bending, shear or tensile loads.

(2)  Surface Abuse Resistance of Facing Materials

Building materials such as wallboards are often subject to human traffic and it is
desirable for the surface of-building materials to have abuse resistance. Fiber cement has
surface abuse résistance that is far superior to that of common paper-faced building
materials such as gypsum wallboard. One measure of abuse resistance is the resistance of
the surface to wear or loss of material from abrasion caused by people or equipment
colliding with the surface of the wall. The surface abrasion resistance of fiber cement and
gypsum wallboard was measured using the ASTM D4977 test method, modified using a

25-1b. load on a steel brush. The abrasion depth was measured after 50 cycles and found io
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t han paper aper facings are generally .
fiber-mat reinforced products (FMC) as “manufactured thin section composites of hydraulic

eementitions matrices and non-asbestos fibers in two-dimensional scrims”.

()  Non-Woven Fiberglass-Mat Facings

Fiberglass mats have been used to improve the moisture and fire resistance of
gypsum board products. However, the composites are still susceptible to deterioration after
prolonged exposure to moisture due to the solubﬂit.y of gypsum in water. This can
gradually reduce the strength of the core and of the mat-core interface. Amnother concern
with fiberglass mat facings is skin irritation from handling the composites. The glass fibers
contained in the mats are typically less than 0.001 inch in diameter and can fracture and |
become embedded in skin that comes into contact with the mats during handling. These
embedded pieces of fiberglass canse irritation of the skin. Polymeric coatings have I?een
claimed to further improve the water resistance of both paper and fiberglass facings. Such

coatings generally slow the rate of water permeation into the core material.

(b) Fiberglass Scrims
Fiberglass scrims are used to reinforce board products. such as Portland cement-
based ceramic tile backing boards. However, the durability of fiberglass scrims made from
A-glass (soda-lime-silica) or E-glass (borosilicate) is greatly reduced when they are uscd in
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Portland cement-based, fiber cement (FC) and fiber-mat remforced cement (FMC)
facings are used in compostte materials that have been developed for applications such as
wall panels (King, U.S. Patent No. 5,002,620 and Cottier et al., Australian Patent No.
661,704), trim boards thatowsld et al., U.S. Patent No. 5,693,409), and varit;us structural
materials. Two general types of these facings are used: 1) those manufactured
(prefabricated and cured) prior to assembly of the composite and 2) those formed from
mncured material, in situ, as part of a sequentially layered composite. No prior art has been
found in which continuous, preformed, uncured fiber cement facings have been used to
manufacture sandwich composites as described above in the preferred embodiments.

(a) Prefabricated and Cured Fiber Cement Facings

Prefabricated and cured fiber cement facings are used to fo_rm both cast-in-place and

molded composites greater than 1-%4” thuck. The cast-in-place composites, such as
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fiber-mat reinforced cement.
Uncured cement-bonded particle board and fiber-mat reinforced cement (FMC)

=

facings are formed in-place as part of composites that are fabricated from sequentially
deposited layers. The skins and the core are co-formed in one process to produce the
sandwich composite. The botiom facing material is formed ﬁm, followed by ﬂlﬁ core
material, and then the top facing material. These composites can be continnously formed
monoliths that are cut and trimmed to size, or individually molded to the desired size. The
core and skin materials can be sluries of different compositions that are cast or sprayed, or
granular materials that are pressed to consolidate the composite.

An example of a co-formed sandwich material is described in U.S. Patent No.
5,693,409 to Gnatowski et al. This material is proceséed by a sequential deposition of
layers and describes facing layers as fiber cement. The description of fiber cement used in
Gnatowski is different from the fiber cement of the preferred embodiments above, which is
the same as the description given in ASTM C1154-99. The difference in the materials,
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.be renoved and reused. A simlar nmethod uses a nold to form bui Ih&i ng Fpar}ﬁﬁ
conposites (Cottier, et al., Australian Patent No. 661,704). T fc ARR 12805
cast onto a cured fiber cenment facing sheet and then covered with a top
fiber ¥BAHH287aci ng sheet. (b) Co-forned Fiber Cenent SRUSKOBINPOSItes
The three classifications that are used to describe the different

rei nforced conposite building products in ASTM C 1154-99 are cenent-bonded

parti cl Raphft bdth WEcrRIBRL iR Eerdfeh 88 1K tin @HANOPE RS re8 SR dimbIRG URd
cenment - bonded particle board and fiber-mat reinforced cement (FMC) facings
are for ASTMnCHl54e29, ake (fibets ot dismgesinklesdualiacd fibers atreranatibel réindring

sequentially _deposited |ayers. The, skins and.the core are cqQ-forned in one
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cut  and woliid B Betic® debokbed ¥ thiChevtichsalf] Wodmbaﬁgmti@g fiBersdfbirhBd boiE by The
core and skin materials can be slurries _of different conpositions that are
cast or ligmnayWeed sirands)onmebd chipa e céménittiohs mafriess gremonttypisaly dessiribadt e t he

conposite. An examl e o0 co-farned sandwch materigl. |5 descrihed.in U S
Pt ont . RcoresBosted partiels Corkl U RaleTane s ered fol fecf A budGtlioy a
sequent | nf s » e i I STRS i
cement. b%%ﬁgg%iﬁ pti oﬁingfﬁ?!?sggéivogg ﬁ?‘ﬁﬁieﬁ %ﬁ%@?é\%ﬁ?? IS die%ﬂ er eint'
f rom t héwhbiliey ofement-bofideaipertirie beard esipanrhing itotint svelling of thehwedid stemmdkhe

same as the description given in ASTM C1154-99. The difference in the
mat er i aviim the ntymsicabby: biglss compstd anajne 7Tvewaliny s deadyini wirragracking n

. materi amiin e, b _ el _ |
) St caiiiont Rk SRR apol 18herk S ShBnhE, Rohils MENAIER Bad O,

rei nforﬁm@méi&?kﬁnm' oftédHoart,. No. 5,693,409 are described as chips or
strands of wood fiber. The wood strands are described as greater than 10.

mm i n | engt PAnofssdexsmpindef afmethed toeprpdace \iogodommedy ct-layer ¢empesiteds as

thin segti f - wood isi ng. fd | | d b i gni.n...Wod
st 1 anaes B KRR PR A A (%A a0l T B YoplR Rer e e Ve 007
as cenmypltigy defke) Bbbi-RinSoRed kéncrée] &kt he ded ismddawithnengitaetant efbdrl at

sheets of hydraulic cenentitious matrices and fibrous wood particles" in
ASTM Créitfote@iocontiete. e Jn gns aethody theoedre conayetelensiin iomadidigd hyr addatien bbard i s

poor s Lokt UL L ol Ao niest sl jonde AN AN Aokl Y
- cement shglvid Xpordbitd) ol MBS reldIBrcsiY Abietinl Yisi YrofPrlfdeErivBE fisdl] SftheNd
sthcate, water, sand, a suitable foaming agent, a source of compressed gas, and a suitable
vapor barrier resin for use in bonding and moisture resistance. The iayers are formed by
sequential casting into a mold from hoppers. The fibrous material in the facing layers is
therefore distributed in a random orientation with no intentional orientation of the fibers in
the plane of the material parallel with the plane of the layers. The composite layers are
made with concrete. Concrete generically has coarse and fine aggregates in the
composition. The fine aggregate is sand and the coarse aggregate is predominanily retained
on a 4.75 mm (No.4) sieve as defined in ASTM C 125 - 96. In order to attain good tensile
strength in the facing layers, the effective thickmess of the facing layers must be
significantly greater than the coarse aggregate size.

d Core Materials

Cores can be made lightweight by incorporating large volumes of voids or
lightweight materials into a monolithic, cementitions material, or by constructiné a core
with an open reinforcing framework that defines large voids. Most composites use the first
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i ncreasing the perneability of the board. Another exanple of a Wﬁtho?ﬁéﬁ
produce a co-forned, 3-layer conposite is described by King in BSA G&ﬁ
No. 5,002,620. The two outer layers are formed with relatively dense,
fi ber-wa ofsorsced concrete, and the core is nade w th aROTgRONSIgAt , fi ber-
reinforced concrete. In this method, the core concrete density is nodified
by addition of gas bubbles to the core nmaterial. The concrete core is
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greater the rse gregaté size. d. Core Materials Cores can be nade
|'i ght wedogivhorb yyple i iz akedhin breildies weteriaissis b moigdaicohydianlghbindeg hihe
materials into a nonolithic, cenentitious materjal, or by congtfucting a
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met hod & he cores contain |arge volunes of foam or sufficient quantities

of lowdensity f(i)l erSiniceuryl Gpah-Braneldlaresel y |1 ght wei ght conposite. The
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needed strength had gtabilite of e onenqlithip spedvash composite Waug an LBgR SR dengher
organi ¢, (,pol yneric), or 1norgani.C_bi S o] | nder
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(2)  Core Compositions

Typical admixtures for cementitions core shuries include viscosity modifiers,
accelerators, retarders, foaming agents, dispersing agents, and additives to improve
moisture and fire resistance. Lightweight aggregates or fillers are used in addition to or in
place of foaming agents to reduce core density. Lightweight fillers include expanded
minerals such as perlite, vermiculite, shale, and clay, expanded polystyrene spheres, and fly
ash Moisture resistant additives used individually or in combination in gypsum cores
inclade emulsions of wax and/or asphalt, polyvinyl alcohol, siloxane emulsion, and
metallic soaps. Films or resinous coatings formed by such materials as styrene-acrylic latex
are used to further improve moisture resistance and surface quality. Additions used to
improve fire resistance include gypsum, mineral fibers such as glass and wollastonite,
mineral additives such as unexpanded vermiculite, mica, hydrated alumina, bauxite, clay,

and combinations of thereof.
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cenment. (1) Structural Open-Framed Cores The second nethod of produci

| i ght wei ght cores involves the use of an open reinforcing frarm\ﬂoﬂkAPahE]UE
core is made froma strong material in a shape and orientation that

st ruct UVEI%H128Bi nf or ces and supports the facing nat eri afGI/USHB9Gbj ect i ve
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Uncur ed cGhbR smdAlic@iRibtelr 3tss ﬁ%e:@ﬁatwiﬁaﬂﬁw&ntmoﬂgwhmf {heasonpositet arkaci ng

“-’as described herein is that it provides a smpoth surface conpared to

fi bergl amﬂﬂhﬁmmhtm installation. cRapst-fased pgypawe: wallbensds §#§%thi“’§urface

of fiber errent des better ucts

wher e t %{) Raﬂgwweﬁ&tﬁ‘ﬁ%ﬁﬁg&g?%?ﬁﬁtﬁé%%@% ac |ng o t he

pai nt. G&:ﬁg&ea 6 SRRRINxhAS] Al ROnel 1a9e btefiB daebitity.f or med, using a
press or

flat plate rol |l -pressure process, into a texture surface to give
an ar chi t ect Whelsuffacs porossy canda surdacsotstreiof mpaﬂsmfécﬁbﬁrosmmtom Il@s

St G B S AT A A
CONMPOS| | 2R rials have an open weave or open structure that provides litfle resistance to water
pesmeation into the core material. The fiber cement facing, by comparison, provides a
superjor barrier to water permeation into the core material and is a more continuous
material than fiberglass mats and scrims. The permeation of water into the surface of fiber
cement material is significantly less than fiberglass-faced cement boards. A 4-ft pressure
head of water against the surface of fiber cement through a 2” diameter tube allows only _
1/10 the volume of water to permeate into the surface of the fiber cement board compared
to fiberglass-mat-faced cement boards. ’
Yiber cement is non-combustible and has a very low flame spread, but does not have
- fire performance equal to gypsum wallboard in firerated wall systems. Common stee]-
framed partition walls, or wood-framed walls, lined with 5/8” thick Type X gypsum
wallboard on both sides of the framing, achiecve a one-hour fire resistance rating when
tested in accordance with ASTM E 119 and installed as per the Gypsum Association Fire
Resistance Design Manual GA FILE No. WP 1200 and WP 3520, respectively. A similar
wall syster with fiber cement on one side and 5/8” thick Type X gypsum wallboard on the
other side, as described in GA FILE No. WP 1296, requires the wali cavity to be insulated
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contain smal |l -dianeter glass fibers that can cause skin irritatiorf BhedPRt i

conposites are handled,during delivery and installation. Paper-faced

gypsum wal | boards. often have textures printed on the paper to serve as a

fini sh®P84Fe¥ce, but this surface texture has little P188%¥Fared to

fi ber cenent textures, and does not have exterior durability. The surface

porosity and surface texture of unpatterned fiber cenent is |ess .

not i ceakiith tlvmalt fitadr tofackicte nginedeundire fatsbaice eating.  Fbix Bpe ofpstallation

fiberglass-mat facin materi al s have an open weaye or htggen Stsﬁ{ft e that
e

provi dedhereford resylissinshighar coss, RPEME FréRFRAETYR and mporeruRg & & The

L oer SRl 6 Pl s BRI SRR AUEHED e BRRL Birkens o o oL

per neat and 1s a“nore continuous nmaterial than
fibergl ggswilinat eRthetsell i highheafie ardaabibiett 6f abuatesr st abbtiste $orr deamnicof
fiber cenment material is significantly less than fiberglass-faced cenment
boar ds. tiks4-Prefopred sanbodimbma df dhe warent inyentiont desprabesyz Sap@iosProdush thate nent

through a 2" dianeter tub lo onl 1/.10 t he. vol une- of ter.to..
‘per meat grqvifles 3 dibek ﬁ%%%ﬁé@ﬁ%gé%m@8 Paﬁ%ﬁa‘hétge Asevy fhe fire

)

fibergl < -faced. ce | ' n t Lok nd has
9 ?%%ta?i?% el wu,g?a;g{psg%g ?ﬁg@hﬁ%&%@%é ShuteNrea s idigu

a very rea ve fire performance equal to
gypsum yaistdaeardd dirabilitg of fib@tenmint. syst ens.  Conmon steel - framed partition

wal | s, or wood-framed walls, lined with 5/8" thick Type X.gyps | | board
on bot h si deln goeraheprior anki %Q@“’E@momsﬁsmbeﬁ@@@%@%g&g&rsﬁ%sng

hesoci bl HRENEPiEht Gt mers il pE R Bidchits At A QpRfuppindlcated B2
respect pymky intéa%oﬁaﬂoai;ie. T Lkifiy SeRBrabtbhiti e eqe 16 aboatrB/ éteinsthitknessd 5/ 8"

thick Type X gypsum'wal | board on the other side, as described in GA FILE
No. WP #itD¥ererontud togquovide suificient atrenggh for hsadling and fagung mto thegcoyppositgr WO

02/ 31287 PCT/ USQ1/ 30967 wiih ni L fib _achi eve _ '
ettt el ThgprofRsLvas Bl it Brsknesies oh/F foh S o g O 008 e,
costs, ée?ﬂ%%ée KA g&éi‘@&e&rhﬁilp%nﬁ{bﬁs.me préfiRed Embbaidinks debbiibed bl at ed

wal | doe he atlvant age of providing a fiber cenent surface to one
si de. of arebh tmpRivbmblitadn thisprive arskatanse thingbr skief ¢ff fibex comenisarp jusest totformbuse,

et i et gemasitep AP SsuEh PrRe. bhire T B Beblang B o
bui | di g0 ELoGIRRS uhif FTRE Sineht SOR!arf AR oY el ARahAdiCconiyRBirs iaCce

per f or gypsum wal and al so the abuse resistance, noisture
resi st aneén skdetl fBin ahhl ist plasfic fandenncuestdentThel plagien anwire qir ther skan tdusiagdwi ch

conposites utilizing fiber cenent skins_ on bot I.des .
i formation of the gomposite provides improved design gl]ex?brﬂty to enable forming flat

Ot
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surfaces, textures, and profiled forms of the comppsite. The thin fiber cement skins also
allow a lighter weight and thinner composite material to be produced that can be attached to
wall framing in full sheets typical of gypsum wallboards and wall sheathing. An overall
lighter weight composite is achieved because more of the lightweight core is used in a
given board thickness due to the use of thinner skins.

Thus, the fiber cement sandwich composite of the preferred embodiments provides
a lightweight wallboard/sheathing composite that is easy to handle, to nail, to score-and-
snap, and that has the strength, durability, moisture resistance, and abuse resistance of fiber
cement, along with the thermal insulation and fire resistance of gypsum.

It should be understood that certain variations and modifications of this nvention
will suggest themselves to one of ordinary skill in the art. The scope of the present
invention is not to be limited by the illustrations or the foregoing descriptions thereof, but

rather solely by the appended claims.
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of a lightweight core were [imted to using a thickness of natenglgwﬂﬁz
could be handled and forned into a conposite. The skins were gredt @ﬁ
or equal to about 3/16" in thickness and were cured to provide sufficient
strength for handling and formng into the conposite material. This
product was formed into thicknesses of 1%" or greater to span fromfl oor
to ceiling as full wall panels or wall partitions. The preferred

enbodi ments descri bed above are an inprovenent on this prior art because
t hi nner skins of fiber cement are used to form the sandw ch conposite.
Thi s iymaachicegedinebhout having the handling problems of the prior art
because the thin fiber cenent skins are forned into the sandw ch conposite
in a green sheet formthat |s plastic and uncured. The plastic nature of
the sKin ddybuildingraaterial, epmpFIsM&e conposite provides inproved design

flexibilit ) édiﬁ];cﬁféﬁts oﬁ?ﬂgdgr@ te-fottheld fiher! €ed forns
of the corréoél&% g%hl nti b%%aﬁt:rgtrrent ski ng Al so a?l oy a li 3hter wei ght
and t kimaglays Waviap aajemityeof bitween dtoup PS49 @lam’ teal 8428/t @2 tadA&d to wal |
framng. 4n full sheets typigcal of | boards and wal | sheathing. An
overaﬂ'%}ﬂ%laﬂﬁﬁt M%ﬁ%%éﬁ%@éd because nore of the
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embodpetion of fiecwinpepents farg isirmegstrating meshariesl snd shemical bAREVIB (hat i s
easy .0 ndl e o.nail, to score-and- snap, and that has the strength,
dur ab |$%°m52%si stance, and abuse resistance of fiber cenent,
al ong Wi t hwhieid Hes Mibbrsi 6f uhe tfitstn camporfeitt extendi int anesubstamtigp plamar) ¢ shoul d
be understood fhat certain variagtio and di f Lcation f this invention
will WWE?@&%&E@%&MW@#‘#&ﬁ% “g}"ir'. The scope of
the pﬁ,esenghe iaﬁléﬁ'ﬂg 3R saPoNChairh 9, Wcleinihbistuonigvaeit & veinfaatédowihor t he
f oregoi ng descri ptions thereof, but rather,  sol ely by the appended cl ai ns.
iy fiis Whegeigiahlensts: substantial portion of thiligtin SPIPP%‘giﬁ‘fFr‘FEi ng: a

first nent enein the first conponent conprises a pre-forned fiber
M%%ﬁgﬁe tdensity of between about 0.849 g/cnB to 1.842 g/cnB

(53 t®. 115Thd Wfilingumdteial 6fEine &whereinohe chickripss ot fsiowmiBnedt it . 0/ 6; a
second conpaonent ﬁzi,tiﬁﬁned adj acent the first conponent, wherein at | east
@Ssﬁéﬂm Wﬁmég %Hent s forns interpenetrating mechani cal and cheni cal

bondi ig Wi, talilinChddRal fTPLRANE, Svhetdlfl thid dermity dffthe fitstasompoheithie fir st
conponent extend 1 h a substantially planar
higher than the density of the second component.
5, A building material, compriging:
a first component whercin the first component comprises a pre-formed fiber
cement layer comprising about 5-12 wt.% cellulose fibers, wherein the cellulose fibets of
the first component extend in a substantially planat orientation substantially paraltel to a
surface of the pre-formed fibet cement layer; and
a second component positioned adjacent the first component, wherein at least a
portion of one of the components is bonded to the other coraponent.
6. The building material of Claim 5, whereii the secopd component is made of a
curable taterial.
7. The building material of Claim 6, wherein at least a portion of the second
component penettates the pre-formed fibet cement layer so as to form mechanical and chemical

bonding thercbetween.
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orientation substantially parallel to a surface of the pre- forrred f] bE
cenent layer. 2. The building material of Cdaim1, wherein the f| PR 200
conponent is reinforced with individualized cellulose fibers, vvherel n at

| east a substantial portion of the lignin conponents are renoved fromthe
fiber cell walls. 3. The building material of Caim1l, wherein the

t hi ckness of the first conmponent is |ess than about 0.476 cm (3116 inch).
4. The building material of Caiml1l, wherein the density of the flrst

conmponent is_ higher than the enS|ty of .th ond conpopent .

bui | di n§ natThei binlding, mataris] 9§ Claing ; vﬂheﬁﬂﬂpagrf?f# ‘wi?éwﬂn"f ¥ ?m?td

co it SOTRIR, HiBer ek Miyes spGisapout  5- 12
M%Igg%uﬁ&g%gg#ﬁgers &\[/]\)ﬁzel&el n t ede%FI uf-ose fibers of thdgﬁfl rst conponent
eXdetitid mmammm@r&medmwmmhm on subst ant | ally parallel to a
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of t he nt penetrates the pre-forned fiber cenent |ayer so as
Wﬁﬁ&‘ﬁﬂ‘ﬁ S%;B‘ﬁ‘g chemi cal bondi ng therebetween. 29 0 8 APR 200 8.

The builh di nThebitdih@inabdizCbPCHin 5, f\iﬂthbecmpl’asmgaﬂunhcqmpunenhpmmdede second

co onent extends into the capillary networ re-fo fiher cenent
a5apert s s, companeest s e BT PGPS o gy SR P 7o oPdent

2 H’tﬁ l"%@n%te“ al of daimb5, wherein the second conponent is
flﬁﬁ? rerntorce . ebuild_ing rraterlal of Claimb5, wherein one of the
CONPON&RAL s m Tbetiding pmateial pgcm ouvhesein Hee fibess conteisAcy they firstThe

b“%rhé’@% % efep%#ﬁ’mt?aﬁ? oty f?&‘?@ﬁfe‘ﬂ?’*@t@%onﬁoﬂﬂ B, Provi dod

Gﬂﬁﬂéheﬂbéf@mﬁmtﬁmhohhﬂmtdnﬂd conponent. 12. The bui | di ng
materlal of ¢l aim b5, V\hereln t.he_fi bers COﬂtalf ed in the fJ rst conponent

are seldct Bhe buildingaateria) of ClommsT. Sthorgin CHURIERYA i © Fesistive
Sm&?ﬁi' c fibers,

14.  The building msterial of Claim 5, wherein the fiber cement of the fitst componexnt
is pressed.

15.  The building material of Claim 5, wherein the fiber cement of the fitst component
is embossed.

16,  The building material of Claim 5, further comprising 2 sub layet between the first
cotaponent and the second compouent to iinprove bonditg therebetween.

17.  The building material of Claim S, wherein the second component is a lightweight
core having a first side and a second gide, and the first component is a pre-formed fiber cement
facing ot at least the fitst side of the core.

18.  'The building material of Claim 17, whetein the fiber cement facing wraps around
both the first side and the second side of the core.

19.  The building material of Claim 17, whetein the core is open.

20,  The building material of Claim 17, wherein the core is homogeneous.

21. The building material of Claim 19, whetein the core has e honeycomb
configuration.

22.  The building material of Claim 5, wherein the building material is a single plank.
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engi neered fibers, cellulose fibers, and conbi nations thereof 13. The
building material of Caimb5, wherein the second conponent is a fifje§- APR 20
resistive material. 14. The building material of Claimb5, wherein the

fi ber cement of the first conponent is pressed. 15. The building materi al
of Caimb5, wherein the fiber cenent of the first conponent is enbossed.
16. The building material of Aaim5, further conprising a sub | ayer
between the first conponent and the second conmponent to inprove bondi ng

e g M R e i

conponeént corehaving a first side and a second side, and
the fingl cormdidmideris, ¢onspristrgred fi ber cement facing on at |east the

first side of th . 18. The, buj | di terjal cl.ai . in th
oot S el oAt B e Lot S 0 1,
o st T ol g o e xsactir 1

open. I ng materi aim17, wherein the core is
honogesideumd #decoiith sidouaddithedfirstaedimpankntotongprises al pre-fommgdefibert ¢sicthr ¢ has a

h mo fi I on,, 2 he bui | di L4 al A : ' h
oot |t e e e i g g the i, irsi B9 sOFS Bty oy et €1 1 £1e
mat er i ﬂmﬁ%’% ed el cbredayRid.| ding material is a trimboard. 24. A

bui I di fg material’"” conprising: at |east a first conponent and a second
conpondht pAcwethiediofmimufacturings brildingsmaterial pIRBATOS Wher ei n t he second

conponent CW“@%‘%%%@ B B¢ BR¥bffiufhell izd land Shéf satia second

side, and t rises*a pre-forned fiber cenent facing
on at {hediver édisent comporientie i plabifo staie and ishmceied; t he core includes a

- plurality of vertical sym*retriclﬁ[bcl opposed.corrugat ed. con s. 25. A
met hod of niREHECE BRGORG APAPER %ﬁ?ﬂ%?mﬂbi%mﬁ#’?ﬁ& .ag%ﬁ‘g“-‘# ??"%ng a

fiber conpp °‘ﬁﬁ‘mﬁ of predeterm ned size and shape such that the fiber

cement corrp%ne t |g%i|i‘?1 a plastic state and .i s_uncured; form'.ng a.second

conponent netingfat deastthe fTheb ement combanerd ayhilectie fites comert compengas
O St g Mo odblpd b thAif b tifkin SHRMaIC ABRAARE SBB! defhekibe 11 ber
component substantially retains its shape priot to beihg positioned adjacent the second
component,
26. The method of Claim 25, wherein ﬂm second component is made of a cnrablg
material, .
27,  The method of Claim 26, wherein the first component and the second componeut
are simaltaneously cured. '

28.  The method of Claim 26, whetein the first component and the second component
are sequentially cured.

29,  The method of Claim 25, further comprising partially drying the fiber cement
component after forming the second cornponent atid before cuting at least the fiber cement
cotuponent.

30. The meﬁmd of Claim 25, further comprising providing the fiber cement
compoxnent on one side of the second component.

31. The method of Claim 30, farther comprising providing a third component
adjacent a second side of the second component.

32.  Themethod of Claim 31, wherein the third component is made of fibet cemnent.
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adj acent to the second conponent to formthe building material; er‘ﬁg Zhﬁse
fi ber cenent conponent substantially retains i.ts shape prior :to i g[?
posi tioned adjacent the setond conponent. 26. The nethod of O ai m 25,
wherein the second conponent is nmade of a curable material. 27. The nethod
of Claim26, wherein the first conponent and the second conponent are

simul taneously cured. ' 28. The nethod of C aim 26, wherein the first
conponent and the second conponent are sequentially cured. 29. The nethod

of daim25, furth I apti [ Ligit hh$g thiclaredbf

conpondht aﬁ%ﬁ%ﬁ#%ﬁﬁfﬁb& oﬁ}ponenﬁ‘cﬁglpbef ore curing at |east the
onponent. 30. The nethod of C aim25, further conprising

peS%f"éﬁsﬂ&??lewﬁ ber cenment conponent_on o e SI d of the #S W prponent .

31. Ths4. net'llhnimé&uﬁ af relsmy 25, rwhessin 4B conponent

adj acent s sjde 0 ﬁi’g 32 The met hod of C aim 31,
WRRIHRIASSS %ﬁﬁtﬂ?@%?ﬁﬁ‘?ﬁ%@%‘? é B(er cenment. 31 .. 0, 0. APR 2005 33.
The rreﬁmd ’?ﬂe Ghéathea 26%, OMir 95 witeecih i ther fibemeemento spwheraat H#eludes hi ckness
of leSs than about 3/16". 34. The nethod of O aim 25, wherein the

phﬂﬁdnaimeﬂﬁb%r cenment corrponent conprises fibers that are substantially
al i gneg] ﬁ{‘] SEGE BYAME 25 3 Furthed Ccdiipriiaik Qhofattimgmiiz5 fibwheewent t he fi ber
rncludes

cement %onp e I ndl vidualized fibers. 36. The nmethod of Caim
2 gompotieht v leasipapti dttyl aroumalthe sstondjcathgovfRloer cement  conponent at | east

partlally around th econd ta.3 had Rf a GhademoZ5a wherein
the se¥ M“? M%"ﬁg %'[WSI E%ementi tious material. 38.
T Igﬁﬂp&n%ﬁmﬁ al, Wherein the second conponent is a nade of a fire
g@?s ve materl al . 39 " The rret hod o CI a|g1 furttheéﬁghggmlas:ﬁgg nmol di ng
t he prﬂforMﬂetﬁmdro&GMt W@?F‘Pe’ﬁ e while th

co nent inits uncured, I astic state.

UV mbterial. P

39, The method of Claim 25, further comprising tmolding the pre-formed fiber cement
component into a desited shape while the compotent is in its uncuted, plastic state.
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