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t1 on because two sep arate
panel sthlckness Another disadvantage of f ber cement by itself is that it is significantly heavier than gvpsum watl panels of

equivalent thickness. For example, a 1 hour fire resistancerated wall system with fiber cement requires mineral
insulation in the wall cavity or a sub-layer of fire rated gypsum wall panel to achieve a 1 hour fire resistance rating
30 when tested in accordanﬁe with ASTM E-118.
A 2-layer system of %~ fiber cement over 5/8” type X fire rated gypsum wallboard has been used to achieve
koth fire resistance and abuse resistance. Such a system is described in Gypsum Association - Fire Resistance Design
Manual - BA FILE NO. WP 1295 - Gypsum wallboard, steel studs, fiber-cement board proprietary system. This two

piece system is disadvantageous because it is significantly heavier than single-layer gypsum wallhnardg.___AdditinnaIly,_

35 the 2-fayer wallboards sequire nearly double the amount of iabor for installation because two separate wall panels
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be utilized for .any applica e resistant, inpact resistan
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2, a preferred building material 40 is conprised of fiber-cenent |ayer 10
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FIGURE 2 is a cross-sectional view of the single piece laminate composite of FIGURE 1, showing tﬁe relative
thicknesses of the fiber-cement, gypsum and the adhesive Jayers which comprise the singie piece laminate composite.
Detailed Description of the Preferred Emhﬁdiments
30 The preferred embodiments of the present invention Wlustrated below describe 2 single piece laminate
composite wallboard system. It will be appreciated, however, that the present invention is not iimifed to wallboards,
but can be utilized for any application where an abuse resistant, impact resistant and fire resistant building material is
desired.
As seen in FIGURES 1 and 2, a preferred building material 40 is comprised of fiber-cement layer 10 laminated

35 to gypsum layer 20 using an adhesive 30, creating = single piece laminate compesite. It will be appreci;t;d that the |
- '



35 to gypsum |l ayer 20 using an adhesive 30, creating a single piece .
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ARDIROCK™ MAX "C*

THICKNESS
inches imm) 12" {12.7 mm)
WIDTH ,
feet (mm) . 4" {1219 mm)

) ~ |STANDARD LENGTHS |

o |feet ' ' 8, 9,10

STANDARD EBGES b Tapered or square
APPROX WEIGHT - '
bs/sq ft {kg/m?) 1.8 Ibs/sg ft (8.8kg/im?)
ASTM SPECS ' € 36

it will be appreciated that the face of the gypsum panel 20 bonded to the fiber-cement 10 does not
20 necessanly require a paper face, and the gypsum pane! 20 may be bonded directly to the fiber-cement 10. A preferred
oypsum panel 20 may also have a glass or poiymeric fiber mat or woven mesh combined into the panel on either the

front or back surface, either on the outside or the inside of the paper. This can be done for two reas{ons.n First, it can
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necessarily require a paper face, and the gypsum panel 20 may %ﬂ @'\d
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circular saw optional l é wth dust control. Fiber Cenent The art of
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2DPt nffﬁﬁ%ﬁﬁ% 030, 447, the entirety of which is incorporated by reference.
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T O R IENAR Oy 51554 S DI rent i EHRGI Al S SafiFT 21 1 OO,
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25 resists damage from extended expesure to humidity, rain, snow, salt air and termites. The layer is dimensionally stable
and under normal conditions will Rot crack, rot or defaminate. |

The basic cemposition of a preferred fiber-cement panel 10 is about 20% to 60% Portland cement, about
20% to 70% ground silica sand, about 5% to 12% celiulose fiber, and about 0% to 6% select additives such as mineral
oxides, mineral hydroxides and water. Platelet or fibrous additives, such es, for example, wollastonite, mica, glass

30 fiber or mineral fiber, may be added to improve the thermal stability of the fiber-cement.

The dry density of a preferred fiber-cement panel 10 is typically about 1.3 to 1.4 glem® but can be modified
by pressing the material to dry densities up to 2.0 gicm® or by addition of density modifiers such as unexpanded er
expanded vermiculite, perlite, clay, shale or iow bulk density {about 0.06 to 0.7 gfem’) calcium silicate hydrates. '

The flexural strength of a preferred fiber-cement panel 10, typically based on Equilibrium Mni_sture Content in

35 accordance with ASTM test method £1185, is 1850 psi along the panel, and 2500 psi across the panel.
A
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ot her -organi ¢ or i-norganic adheélv es be used, such as water-based

pol yn’é‘?"i hesiyes such 3 @dyurethayie, Aad feat of, %@ﬂ“ﬁ'ﬂ Wefes, thernpset adhesives, natural

pol yners Sﬂﬁhd@ﬁve@@ﬂ'pfefﬂﬂlr%ﬁpﬁeﬁi% @ Foll- cﬁateﬂbkhtﬁssrﬁhhrﬂiyliﬁeegyfshkﬁ Ban@20 isSAGdribye hot
nelt adhesi ves such as ur et hane, and heat or fire resistant adhesi ves.

The aitfed fosemosgpiugt anddeleis %Pdhsﬂd'yﬁmﬂé@nw tthp opth &t (Te- adppsivpi0dsrefpblieby t he
gy PS UgileRPdisily ool mesenﬁ?é aifﬁ{e%b{hv gypsd.mﬁwu U fhe rm@nmmméﬂhb&t ofdiCanlsy 305 whf Or e the

adhesive 30 is appl the snooth face. The adhesive 30 is preferably

20spr eaiopasneg with/a tandard tvhtéllnemknpsewuﬂ fvalbéefmhlvm@e lesp phonizboys 44 @il a'E'(PFEfETIaHéWWet film

thic 12 b laddF & t Ilm
t i cionE e shok Byi® HEFblrkEnegt anel NF pocd B 8 eyl fond 281G codbilwh
pr ef eadeesive,30ysigared to the edges of the gypsum panel 20, and then stacked. The completed stack is preferablv cured

in a press under a load of about 37.5 + 2.5 psi for preferably no less than about 30 minutes. The pane!é then

preferably have the fiber cement surface sanded and the long edges machined with an abrasive wheel such as diamond

25 grit to fnﬁn a tapered edge. The machine sanding preferably utilizes three sanding heads. The grades of sanding belts

30

35

preferably range from 40 grit to 220 grit. The long edges are maf:hine tapered to allow for setting compound, joint
reinforcing tape and finishing compounds during flush jointing on installation. The surface of the product is preferably
sealed with an acrylic emulsion to reduce the surface water absorption to make it easier to paint and to improve paint
adhesien.

The fiber-cement surface of the composite wallboard 40 may be optionally sealed with an acrylic sealer such -
as UCAR 701 to facilitate on the job finishing. This can be achieved with a suitable latex paint which may be sprayed,
rolled or brush applied for walipaper or texture finishes. It will also be appreciated that sanding the fiber-cement panel
10 is optional in erder to improve the finish of the fiber-cement surface. Furthermore, it will be appreciated that
sanding can be done before or after the fiber-cement panel 10 is laminated to the gypsum panel 20_._‘_Alt will be

appreciated that a roll press lamination process may also be used, with a suitable pressure sensitive adhesive.
-5-



not exceed about 6 ml. The fiber-cenent panel 10 is placed on 'ﬁ@ﬂﬁégiﬁf
gypsum panel 20, which. |sscoated with adhesive 30,.squared to t of
t he gypsun1pane| 20, ‘and.-then stacked. The conpleted 'stack is preferably
cured ess under a load of about 37.5 2.5 psi f bly no

| ess t an a Et 30 m nutes. The panels then preferablyﬂgla{@é'ﬁ é&f be

cenent surface sanded and the | ong edges machined with an abrasive mheeL
such akestidg anond grit to forma tapered edge The machi ne_ sandi ng

ot of or bl Ak i el B D s kel PG gl Bl

t aper aebyitiad sapksiodimpdcoresisatd th the mmmundue nesiutant oypsub waltbodrd | M@ prétee@pansholse

finis conpounds, dur i fl ush on instal]ation. The surface of
the. BRSSP AP o e Stah Op s isite Pt Sl e pse B ¢ he
sur f aggpsipiadl p@B&Or ption to nmake it easier to paint and to inprove paint
adhesion. -The fiber-cenent surface of the conposite wall board 40 may be
opti onal | y Awoxs! deqtulg; of he-irpfeed embpdimesta of e pestpptynvention ishgr pithar they 2T aypsumy ¢ ate on
the j %Ilhfnérﬂrstlﬂ'lf&gﬁhen&n&tgﬁﬂ ﬂ?%&ﬁﬁmseﬁ(&ﬂe Wa&ehleratht? ‘l’hn‘inafm. ﬁsdtﬁée‘?ﬁﬁmﬁ’@ﬁrﬂ# whi ch
may be sprayed, railed or brush applied for wallpaper or textUre finishes.
It wi labusgand @pmreaqsmvedhwedamlmng llyammnglals teaetifel dyeyidesatbeishour ﬁpamtance he is
opt i oy me{nE'al R £te|+ ﬁheg[@ eﬂ)%ﬂsﬂfg 1 mﬂh?pmedtlg n; Jupa% ah(ﬁ er@sg{ancﬁ lé% uﬁp

| & I ng D or e or

Furt he appr ecl a e one

1Gafter rdmktencil ber-cenent panel 10 is lam nated to the gypsum panel It

w il be pr t ha 0 re a 1on proce y 0 be used,
W th o su PapfeeriEE aledRterB e poodeCin anfPac s el 905 eED g£'1'"26894
PCT]{ UsifaghAtréhigth ardeiess humidiedideBection smhrane ¢he inﬁiﬁﬂuﬁlchnﬁgte endu;?madd mmgmg a )
preferre nat e |te This preferred pane provi de super| r
i rrpachP'Fagg’Fé{n'ﬂPfﬁ'gw? r@g‘i Eéa ;L”‘FI re resistant gypsum wal | board. The
pr ef erred- mmateaéu&anpnhasrsﬁumf Jm%l feahrﬁsaas fir@ BhdaRBd dhbravieeistict M a BRjewalidagd &oMMoON
type X fire resistant psum wal | board and t he abuse resistant 5 gypsum

I5pased? pualkdiece systemn s F"ef“é’a‘t'"!EP goteg pnd @hyiee RNisEANtSY TRy thefwstieniThes mament sgvied WYy esent

| NV eNfgyePdysterd overtRisufpBitifg i@ hewlolke Thert is ngﬂéﬁﬁbbmadv\ﬁﬁagle mﬂﬁgprﬁﬁrmﬁ Fbﬁlpn&ﬂe&n redutdd€’
cement sheet, by thensel ves, provide al together 1-hour fire resistance

rati ngaterishand guicker nstplate oh A GngleRET ISP YISYS & Aiseer SYSise \I ber twolizyerisysdam yiredhe t wo
mat er | S rical

" ich SRR W X Bl i lowit O ihion 5106 04ft i i op™ MRS ©%1 s
r es | sthigknese of:thrse 3 Inyses @dds upite 7/8%af mstenphietsus 5187 of mpterjel NtbweﬂBfPMiamhmﬁ cpmpesiter r ed

20pa”9|ofﬂ4 grgse Inentidhe advantages of inproved flexural strength and nail pull

t hr oug trength and |l ess hunmidified deflection conpared to the individual
conponent sTha, inobecempadigiens the grésentinvention poavides a sipgle piepgsystend thatyiypes ledét ehpp snerbowal | boar d
of t al S as the
movel Tt BATRrb LRSSl il e e et G ARG R b2 BB, o o
15 a lmerughema;m oethewﬁymlt nquart foo combareddo theBlagt systers, andadgdiecks Rydixtarbpewdilési st ant
syst ens, t hat ayer syste ﬁi/.er t he ')'

d. |
=t pJF PP RERRITE e 4 i 4. DRl B e st P e v S er r e

25 CONPQyGitk #ad éaky rethdldis esttingnat er i al and qui cker installation of a single piece

30

system versus a 2-layer system The twp | ayer systemrequired |n tallation
of 518" tylfematerghase aireran fega PRt A oot etah st Loty g bgrd b " fiber

cenment uRWaed it M€tabl@Peiow e total thickness of these 2 | ayers adds up to 718"

of material versus 518" of material with the preferred | aninated conposite
Surface-abuse and impact resistance can be determined by methnds used in such tests as ASTM D 4377-98b

(Standard Test Method for Granule Adhesion to Mineral Surfaced Roofing by Abrasion), ASTM D 5420 (Impact
Resistance of Flat, Rigid Piastic Specimen by Means of a Striker by a Falling Weight (Gardner Impact)), ASTM E 695
{Measuring Relative Resistance of Wali, Floor and Roof Construction to impact Loading), 1SG 7892 (Vertical Building
Flements - impact Resistance Tests - Impact Bodies and General Test Procedures), or ether suitable impact or abrasion
tests. Fira resistance can be measured by fests such as ASTM E 119 (Standard Test Methods for Fire Tests of
Building Construction and Materials), UL263, UBC 7-1, NFPA 251, ANSI A2.1, or other suitable fire resistance tésts.
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20 of the present invention. . Thus, in one enbodi ment the present

i nvention provides a. SI ngl e piece systemthat is-at |east abo@t Tojgvh2il3
fire resistance-rated and abuse resistant. This; reojuces t he anount of tine
to.install conpared to'the 2 |ayer system | ower &7t he e wal l
unit BEP 0% e foot conpared to the 2 |ayer system aﬁ%ﬁ%ﬁqﬁ”&g | ess
fixtures per wall for installing panel conpared to the 2 |layer system
Mbr e0\9Rd 5/8~ itk 1dMiaR c:anfpﬁsné db6kieht] Qomprigihg Y8~ tiber- EEWHE lamindie@h Top of W Bliditotk Max 25
qui ck and easy nethod of cutting. The materjal also is abrasion resistant,
i ndent'&tAessm paae); asiiexsd suparigeRbieFfg st mpapigysistang ps iusited in BB Ples M har d body), as

illustrated in the tables below Sy

titls1ace- abuse and inpact resistance can
be determ ned by nethods used in such tests as ASTM || 4977-98b (Standard
Test Method for Granul ep Mﬁﬁﬁ%k%r}ﬂ%%@bb:ﬁwf ced Roofing by Abrasion),
of

ASTM 0 5420 (I npact ,ﬁ;ﬁ% Pl astic Speci nen by Means
of a Striker by a Fal I in I gﬁﬂ %&grdner rr@lahc% ASTM E 695 {Measuring

Rel at i ve Resistanee uf_‘vAal — o DTS —t I rT‘paCt
Loadi ng) | ISO 7892 Vertn cal Buil dI ﬁ&“"" e@#’rem h r%)ggtt' %Si stance Tests -
| npact Bpdi-es—and el Jes+—P¥F "md”'!"@a), of—ot hc? Su-t-ad)l e | npact or

abr asi on test?‘! EI re reS| st ance |can asufed b sts guch as ASTM E
119 (St al m Hter or Filre Tgﬁmﬁm BeH )ﬁﬂhtf Cenrgtructi on and
Material §), LI 2?3, BC 7-1, NFPA 251, AZ. ther suitable fire
resistam,e_peé(i_l’z;g_mﬂ_lées_w Typs X Gypgym Bo W4 oo UsodMb 453 dne 516" thi ck

| am nat e conposite enbodi nent, conprjsing 118" fiber-cenent | am nated on
top of a ''"h Hardirock Max "C' Gy panel achi eved superior abrasion
-~ and i npact resistance Iustra e t.abl bel ow. Table 1 ASTM
) D4977 - Wre Brush Su'?‘?g% ‘3&5‘!‘“615? %ﬂeﬁﬂ ﬁe%ﬂ to have a total of 25
10| ps | oad on brush) Produt¥eIreay 0% Dept h () (i nches) 518"
| am nat e _conpositel. 0000000 518 T\mﬂ X_O/psym-Board0—0160. 001 Table 2 10
| SO 7892] Section 4.3 - Hard Bodyi|l'#giation Bigniefes;| o hgeatatadenth (&i ngle | npact @
10 It. Height-22 f tProduehy  f or ce) PBr odubnehefldent bt i od™¥SAnet ed | ndent ati on
Depth (ihches)(inches) 518" |am nated conposifel.2700.275 518" Type X
Gypsum Bhar d1_5§{dapinptgdromposite 1.276 0.275 _

W

5/8" Type X Gypsum Board 1.788 0275

The hard body impact test was conducted with a 1 kg ball bearing as outlined in Section 4.3.1 through 4.3.5

of IS0 7892. _
The panels tested were fastened to 20 gauge stee! framing with studs at 16" on center. The %~ fiber

15 cement panel was fastened with 7 gauge x 1-1/3 G-Drill screw spaced at 8”. The 5/8” Type X gypsum wallboard was
fastened with & gauge x 1-1/8" Type S Bugle Head screws spaced at 8” and the 1/8" fiber cement laminated on top of
_ ) %" Hardirock Max “C” gypsum wallboard was fastened with 6 gauge x 1-1/8" Type S Bugle Head screws spaced at
12", :
Table 3
20 ‘ :
ASTM D5420 - Indentation Test/Gardner Impact Test
Product Indentation Depth {inches)
5/8" laminated composite 0.101
5/8” Type X Gypsum Board : . 0149

For the indentation test, ASTM D5420-36 Method GC was followed which specifies a 0.625 mm diameter

23 striker orifice with a support plate hole close to the diameter of the striker, and a 2 Ib. weight falling a distance of 36

7-



15 The hard body inpact test was conducted with a 1 kg ball bearing as
outlined in Section 4.3;:4 through 4.3.5 of 1SO 7892, The pang@l § {@¥t2083
were fastened to 20 gau@e steel framing with studs dt 16" on center. The 4
fi be'r' w@ Panel was fastened with 7 gauge x 1-114 ,b 00 TS W spaced )
at 8". Theé Type X gypsum wal | board was fastened w gauge x 1-118
Type S Bugl e Head screws spaced at 8" and the 118" fiber cenent |am nated
on t opinchés givingra single anethy impaskof AR 1:800.-layy Pen wperiment wizre testeli frmeadthaatienadvalvesih 6

gauge 8" Head screws spaced at 12". Table 3 20 ASTM
D5420 ﬁgeﬁ“ﬂé‘@ﬁ?&?%@ﬁg’?&#ﬂgrdner | npact Test Product!|ndentation Depth

(i nches) 518" 1 anmi nated conposite0.Ta#kls 518" Type X Gypsum Boar d0.149 25 For

the indentation test, ASTM D5420-96 Method GC was fol |l owed which specifies

8 0.625 mmdiameter st psTerso97d- bitcayiniab Resistaadest pl ate hole close to the
di aneter of the striker, and a 2 Ib. weight falling a distance of 36 2 1

NOV 2003 WO 01726894 PCT/ USO07 27451 L IEhas agg g a merpy i npact -
of (12 1.8) ft: PP,ﬁ Ten speci nmens \;\Ilere'( ; Fgm? rpm de'lcdg ra"gduc and
valudgs in the tab have been averaged 1tor aII 10 TabhF:h ) ASTM E695-79 -
Sof t Body—tnpact—Reststance—Test—36—1526-30—Curnutpti+ve .ﬁ"paef——l::)rce Singl e
| npadqt Produ |! b3 rce (ft -I bs.) 8" | am pated 0si tp180210
518" Fyp Aj\gﬁt}ﬂa&"f??mﬂ'g&g@go Y —Fi-ber bﬁé Panel 6096 Tn. soft body
I mpaqt r was ord| ng [to the qui renmepts of gectiong 5.2.1
t hr ou - .’E H ﬂ ?‘F' 1 +Heh—oft—60—+bs—Fe bag is
suppqrted as %'%@-Meﬂﬂnelsui ki ng |t he pangd m dway| bet vegp

The soft body impacter was fabricated according to the requirements of sections 5.2.1 through 5.2.4 of )

-E695-79, filled to a gross weight of 60 Ibs. The bag is supported as a pendulum, striking the panel midway between
10 the stud and mid height of the test wall in 6" increments, |
The cumulative impact was defined as the energy needed to reach “failure mode” either by “set deflection”,
facefback cracking, andfor sted deformation of > 0.25%, Upon reaching any of the previously defined failure models),
the weighted bag was raised an additional 6 inches in height to reach the “single impact energy” needed to reach a
failure mode.
i5 The cumudative impact was defined as the energy needed to reach *failure mode” either by: “set deflection”,
and fate | back cracking, andfor stud deformation of >0.25". Upon reaching any of the previously defined failure
mode{sl; the weighted hég was raised an additional 6 inches in height to reach the “single impact energy” needed to
reach a failure mode. .
The size of the panels was 4 x 8, and were fastened to 20-gauge steel frami.ng-at 24" on center. The %"
20 ﬁher' 6ément panel was fastened with 7 gauge x 1-1/8 C-Drill screw spaced at 8. The 5/8” Type X gypsum wallboard
was fastened with 6 gauge x 1-1/8” Type S Bugle Head screws spaced at 8” and the 18" fiber cement laminated on
top of %" Hardirnck. Max “C”" gypsum wallboard was fastened with 6 gavge x 1-1/8” Type S Bugle Head screws
spaced at 127,
Results in the table are an average of 3 panels of each materiaf tested.
25 " Fire Resistance Testing
One embodiment of the present invention was tested for fire resistance actording to ASTM E 119-98. This
embodiment was tested as a dual wall assembly, comprising a cold side and hot side. Each test assembly cnn;isted\of
a 10 1t x 10 ft non-loadbearing wall of 20 GA x 3.5/8" steef studs spanéd 24" o.c. On the cold side, one fayer of 1/8"
thick Hardiboard® fiber-cement face skin laminated to %" thick Hardirock® “Max C™ gypsum board was applied

30 perpendicular (horizontally) to 20 GA. x 3-b/8" stee! studs 24" o.c. with minimum 17 long Type S drywall screws 12"
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_the stud and md height of the test wall in 6" increments. The cunul ative
|rrpact was defined as the energy needed to reach-'failure node" sigtvhgngzgoy
"set deflection” facei back cracking, and/or sti '-':fheformatlo of > 0.25".
Upon reachi ng any of the previously defined failure nodels), the weighted
bag wa‘yoroéﬂé’@d an additional 6 inches in height to readfCTlH%ﬂﬂﬂgﬁigl e i npact
energy" needed to reach a failure node. The cunul ative inpact was defi ned
as the mﬁg f EFME i on"
and faggg?ﬁ) )aégk cr g@‘l?fsﬁléﬁﬁ%@f t(Sars{mﬁt 35 ef oﬁr?af‘eld ta@%'?gmv%"g@" ﬂ%pégﬁ&% eachl ng
any of and fagprogmetely &/Bigh Sﬂmdleﬁdtﬂm! Pathe: fire eide, pno dbedr sf) 1/8tthick Hamlibephi® dibkr- l:mgnt\i\ae; rai sed

reaeh A TAllure: moae. ésgm[‘m%'tah%l@hs aﬁt Ee'ﬁgle'éps L'@ﬁﬁi‘l 7 ﬁ'"l"z%"%ﬁ% needed

f ast en&/8l stapl shills Q4T grewist misihunt 1*2ong 1Tgpe St dravil summ aem €fat flobhahd /célling ninnelCand cerrent
anel rew spaced at :8". The

ste 1-114 C—
T8 TR edts SR Fregife ot el s W AT R 9 B0 A png Y e
Bugl e #aradrs were plevad @nmﬁdwa‘c in flom @dnfhg EdiRrs SradGpprdximbP@y 38 RN paﬁeﬂ!ﬁ%ﬂgat ed on top
of 'h" Hardirock Nax_ " psum wal | board was fastened with auge X
1.118" Typef'aS'"Bﬂlj'r"E'sFﬂfwﬁeféﬂ"éﬁﬂnh"ﬂéﬁfaé@d‘ ghorter ghan fuilbaigh) of walf ﬁhef@hmereaﬂm e are

an av e irfife wiilPRBA S0 dnsp6re thBse WRlisSHondhe ek ?ﬂdny 164 fh% ?nmﬁeﬁ'l Fa‘:?rﬁgqgste]l_&?t i ng

One enbodi nent of the present invention was tested si st ance
accor avefgpiaces thigmfyte well ganelg intoTiraming memitgts it rﬂmanﬂvmmgtrm@remlaso arovidg arbeking | |

lgz rS] gris)r%sét nn@?t{@ﬁha?é s'ﬂ?m@ns‘ﬁ%ﬂ? tsf hggnrq H &eesa Euli %8"95\6 E??nmnd%tﬁg%usgﬁscﬁa@keﬁﬁﬁ& st eel

st uds obthewsl@ssenitly. 0. c. On the col d si de one |l ayer of 118" thick

~ Hardi b d f t t ed. ' ' Kk
) R & s el VR v 3o hon B ohRins e, ompiny 0550 b 850" o
X 3- 51:811plyhg mli ASTM BpexifiRation D475, fovﬁltfshjommgnlh!‘r]zﬂml ddges| Segngtyie @onfpoild Wakvhiked IC I eWs

12" 2003 WO. 01/ 2 4 PCT/ USO or,and .ceiling runners
and i r‘i’f“@‘ TER DY ES Wfi%isfb'?sgr [aiprs- g%’l“@'“??‘!"%fé@“ﬁe"éb[ﬁ‘mﬁ'}‘?ﬂ’c‘é’r"y""%““fsﬁ‘" Yo
lfpagel fﬂﬁa’drhle ﬁ@lﬁtt@@?&tﬁ.?éﬁﬁ&?ﬂﬁma |rainfrgélrﬁ ‘tape gaf iin]?l&tl)w%ed@ﬂl?@fﬁally Qihl thé Rinds] It r e
si de e layer i C r ar i ber-cenent face | am nate'
psum Eofeti PARE] einproing tagg as e ““"\E‘Bbﬁﬂ‘gﬁwﬂla"@"““%&%*""&‘laéé?""%%dﬁw 24" o.c. with
m 3' mém 1t TﬁafhﬂglenT!ttbﬁlﬁhraiﬁuga“tYHé@ah oFfhé gmﬁiaéo F0w1tﬁl aI ratbivé iml?hﬁfty ﬁr!!?%c?ﬁrhbﬂﬁf ][ untner S
an i nternedi ate studs ire side horizontal panel joints were offse
f r om &helfice te5t, ahe Pressere Sifferentis! beswres thejingila,of Sherfyrnape)imeasurptat ta ipietr 143 of theavap devme d
ol e Sp antr of ) o Sinio Pl 19 DT i P RERELTE S i of e 0
20shor t ealump,yhinh esyited inaceuyplipressire aithe toprofithe teltyartigle.cat i ng 'a  fl oating frame vvaI | .
I n order tﬁhsErﬁa%PﬁR%ﬁunB{iﬁﬁ&t%LL k@M the fire test facility to the sound
test facility, tastener were p aced through the wall panels into fram ng
menbefige @in:séc) oor an@bseetidni ng runner tracks to provide racking 10 resistance
‘ to fa&Pd itate speci Qc%fiﬁ@aﬂ‘glsbn% This nodification does not change the:
) sound transm ssion characteristics of the wall assenbly. } Joints were
treatedB with chem cabiic;m'sle:_tunatadgomldﬁﬁneiggpp&umutmmhe (OorSpRUGthorzbARB( 1)
Dur abond 90), conpl.yin th ASTM Specification C 475, for. flush joining
igto @ew ; :
~the panel edges. sl PRV PE conpound was nixed in ,

2:20 Surface of Applicant’s laminated compasite panel cracking and turning black

3:25 Laminate peeling and fafling off e.xpnsed surface

4:15 Much of the laminate has faflen away; exposed gypsum haper flaming

13 Gypsum paper black/gray and flaking on fire side

18:30 All of the laminate has fallen off exposed surface

32:30 “1/8" gap at the bottom horizontal joint on the exposed site

3%:00 ~1/2" D0PS at the bottom horizontaf joint near center of wall on the exposed side.

60:00 The furnace was extinguished and the test article removed and exposed to the standard
hose stream test.



accordance with manufacturer's witten instructions. Conpound 3vdsNawpbjEd
to fastener heads and’joiint recess was 15 forned by -adj oi ning sheets.
Per f or at ed paper reinf:orci ng tape was i nmedi at el y~i:wbedded centrally into

t he j ovots26s89fer f or at ed paper reinforcing tape was i nmerliEUsdorr4smbedded

wi th additional conpound and allowed to dry. The anbient tenperature at the
start &f ﬁthe t est \/va,ﬁ1 80| F, with a rel gtJ ve hum di té of 84% Thr oughout-
the filPIUEW | ( he pia¥al¥as egjosef & b sondgrd oss Streaoh et Y ot A gresywe g 30Pse f ur nace

(nmeasured at a poi Ntirohld fet akdySromans «SRWA surfedeGEn 4 fafbd P BO SeBiRlse IThfestt he wal |

speci nen) and the |abQFﬂt9[éﬁ@L@ﬂI, air was mai ntained at -0.03 inches of
water _20- col umm, vinicEfpilgddis hosespeamiespwhaetie puse stgineeeagiiated i welkalter §p of t he

test article. Qbservglh@ns made during the test were as follows: Tine
(m n:sec} Cbservation 0:00 Furnace fired at 8:52 a.m 1:43 Applicant's
| am nat ed conposite panel separating out-of-plane (OOPS) at top horizontal
joint on the.fi i : ' i : 1 nat e 0 ite
panel crac @rﬁ% ll%zi&ﬁ%sﬁrg‘ﬁl%%%%é %&%&d@&ct@ﬁaﬁh‘g}eﬁﬁ @Jtspaz°3+ ?‘W&"‘?ﬁ“&'q?’g"ﬁrﬁﬁg of f
eXx pos dmsitiun #1188 (positibi# 2vand BO” drfositidn ¢ 3) framvithe i ft siddwd she fwal. | Measusemenys, weesapdesienth gy psum
paper flam 7:13 S aper bl ack/gray and flaking on fire side 10: 30
Al l Oﬁaﬁﬁ@!l?ﬂgmwgfl@%&a#@&g -of f exposed surface 32:30 "118" gap at the
bott om hor iTaMetiia] j 0i Nt on Pedidn exposed si dwsii@: 00 - 112" COpffeat t he bottom
hori zontal joint near cent eE ,oI wal | on the exposed side. 60:00 The
furnace was extinguished a e test arti 2 renoved andi&lﬁﬁosed to the
standard hosg streamtest. 583 NOV 2003 WOs5@j/ 26894 PCT/ US{) 27451 Hose
Stream The wall was exposed to the standard hose streamtest for at a
pressure of. 38 psi  from 205Péet away fromPBle exposed surféte for a peri'gd
of 60 secondgp The test arghgle failed thg pose streamtggf, when the hos
stream penetrated the wall after 19 seconds. During the fire test, the wall
was neasur ed3for .defl ection6d8 three point &3l ong its verth#hl centerline:
at 30" (posighi on #1), 60" gposition #21 ap 190" (positi orh_ﬁ%’%) fromthe
|l eft side of the wall. Measurenents were made froma :taut string to the
wal | surfacebBt each |ocati®h4 TIME m nPosbkf¥8onPositi onPosk4 on #1 in. #2
in.#3 in. 0543185-3185-1/2 .5/ 85-5/85. 718 206. 1146. 1126-,1.12

2980 &2 B 22

306. 3146-3 %718 a06-1126-%146- 112
Hose Stream Retest
in accordance with the standard, a dup!icalev speciinen was subjected to a fire exposure test for a period
equal 1o one half of that indicated as the resistance.perind in the fire endurance test, immediately followed by the hose
stream test.
10 Observations made during the test wefe as follows: _ 7
Time fmiz:see) - . Observation o )
600 Fumace fired at 1:37 p.m,
0:53 ) Applicant’s laminated composite panel cracking on the exposed side
120 | Applicant’s laminated composite panel turning hla;:k
2:40 Gypsum paper turning hrqwn where laminate has_fallen off
3:00 ' Exposed gypsum paper ignited
4:25 | Exposed gypsum paper stopped flaming
11:00 Much of the laminate is gone, gypsum paper turning white
30:00 The furnace was extinguished and the test article removed and exposed to the standard
hose stream test.

Hose Stream The wall was exposed to the standard hose stream test for 60 seconds at a pressure
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506-1145-718B-1/4 606-1/466-1/2 10 Hose Stream Retest in accogoil[}ﬁv%g

" the standard, a dupl Lg;at‘_e speci men was subjected-{o a fire ex

for a period equal ‘to-ghe half of that indicated as the resistance period
|nth durancetest i mmedi ately foll owed byth eam test.
G)SEI’V&?I ongss?rade during the test were as follows: %&?ﬁrﬁﬂnﬁg
bservation 0:00 Furnace fired at 1:37 p.m 0:53 Appllcant s | am nat ed

conposiimedmipsetlel  cr aclisemgtionn the exposed side 1:20 Applicant's |am nated

am nate hao fal | en BRPich s @éﬁﬁ,@“ﬁé"&ﬂ?fﬁnpﬁ{gseﬁﬂahhcﬁmt%@%xposed ,,,,,

gypsum paper stoppedmielsaﬁmmtﬂs&:mﬂ)llu wall.i S gone, gypsum

paper turning white 30: 00 The furnace was exti ngw shed and the test article

renoved and exposed to the standard hose streamtest. Hose Stream The wal |

was expRmsds frén Kidesfiigandar d hose streamtest for 60 seconds at a pressure
-10 2 2003 10 15 20 WO 01/26894 PCT/ US00/ 27451 Time (mn :sec)

Qbser vat i orfPo#0 8k, 3" yavanzedyieek stk wall i) Appliepnt's: Ipreinated sempesite gaspls B8 thickhe t est

artic o} a H e

it er - plsoC Rk Iy i RE RS FOMCH Bkt NSV B Mo P3O, o .

Syal vaminstaigtedsand testedsas d@mheﬂmthwenm. g0ueyed; amendeatiiwaringfire resistanck ratiomel E8minwesgornel s

. (118" % ’ t face skin lamnated to i2" thick
Har di r%@L? ’W&"ﬁgﬁ'ﬁ@&%@gﬁ“éﬁ}%gﬁbgﬂgg‘%@ﬁ@n both surfaces, constructed and

)

10 ami n@PRme

test efu d inthis report, achieved a non- Ioadbearlng fire
resi stance

ating, of 60 m.nutes f.o trical | | accordi ng
Lo t he. ASTRISRE e PhoiiEy o e i intPomih oo R e of esy APE AR WVERBo rrent s
of t h?;uﬁramsmpdmb Jesutamed in @peﬁiﬁﬁﬂ!d Riagld pistElanif:te ﬁhﬁmenr?flsg@tf’hdr Beﬁu&ftd Iaﬂnnb’tﬁlﬂl‘hl and
significant abuse and i [ esi stan a prefabricated_single piece
SR TP A0 AT P A e D i ook PTG 00 g1y EL IR S
Pr Opek hit Siessiiely hddf) is@¥sy o dut undis qutkbrid oGP OSi t € which in one enmbodinent is
only about 518" thick that

-ne disadvantage of the two layer systems of the prior art is that the individual pleces of fiber-cement and
gypsum must be self-supporting in order to facilitate their individual installation. The layers of fiber-cement and

gypsum, therefore, are limited in how thin they can be in order to remain self-supporting. The preferred embodiments

15 of the present invention, however, combine the fiber-cement and gypsum layers into a prefabricated single piece

laminate compesite for installation. Thus, the individuals layers of fiber-cement and gypsum need not be self-
. supporting, and the thickness of the fiber-cement layer, for instance, can be significantly veduced. This reduces the
overall thickness of the single piece laminate composite as compared fo the two piece systems. As a result, one

- embodiment of the present invention incorporates a 1/8” fiber-cement layer and a %" gypsum layer to create a single

20 piece laminate composite about 5/8” thick, that simultaneously achieves a one hour fire resistance rating and abuse

and impact resistance.
_ The embodiments illustrated and described above are provided merely as examples of certain preferred
embodiments of the present invention. Various changes and modifications can be made from the embodiments

presented herein by those skilled in the art without departing from the spirit and seope of the invention,
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is not excessively heavy, is easy to cut and is quick and easy to install.
One di sadvantage of the two | ayer systens of the prior art is Hat t he

i ndi vi dual pieces of fiber-cenent and gypsum nust be self-suéé r NONg2603
order to facilitate their individual installation. The | ayers of
fiber-cenment and gypsum therefore, are limted in how thin they can be in
order to remain self-supporting. The preferred enbodi nents of the present

i nvention, however, conbine the fiber-cenent and gypsumlayers into a
prefabricated single piece |amnate conposite for installation. Thus, the
i ndi vi dualypralray/erasimeh 1d:1 ber - cenent and gypsum need not be self- supporting,

and the thiknéss of tThe fiber-cenent |layer, for instance, can be

significantly xp&lldr@chatelifl &ofpidges the overall thickness of the single
pi ece | am nat e; mRARA=hiI®eASnEONpared to the two piece systens. As a result,

one enbodi mend gy@funt RGerpWREEIAtthd EYWEUM 10 it REMTapdratiesfiar-deli@nt hijdas - cenent

| ayer andoen &binglpiccd tantistetormpositer eat e a single piece |amnate conposite
about 518" thick, that sinultaneously achieves a one hour fire resistance
rating ard abude buddidg inmeaiet ay egitst anClim Thevterdyo diememdles piekd Uminait ed and
descr i bedoaposite hay efipreisladedrating mtajer dun dhebpheiter be fibercemem lqyerdrehe ed
enmbodi®meraypsuoflayehiedipideallent i nventi on. Various changes and nodifications can
be made from the enbodi ments presented herein by those skilled in the art
wi t hout depar tihadufidisgnmaesials ay chtt"-dah’dc§tf'b|de wierefth éhej fiRgdn pieem langnatnov 2003
WHAT 1S Wﬂ?ﬁﬁsla@'c@essﬂfﬁlﬁ‘ﬂw Wgh-mat erial, conprising: a fiber-cenent
Iayer anda wherein.t psum | ayer is |lamnated to the
(ibercereny | 56 dpid ﬂ'a,g HElih R SR BB do MR AT QOXSHPRRIDE! 2. % The
bui | di ng "MREFCATPHS S B ted in Oaim 1, wherelnthe singl e piece |amnate

conposite has r t t he
fiber- ce%qeggou{ﬂglm rd?"rg n&?‘ﬁérm %g&g’[ﬁ%g‘u%gﬁ’aggﬁ ”{'Fgﬁt' hgﬁfaﬂlcm%w | di ng
mat enpal as reci ted In Caim1, wherein the SI ngI e piece |am nate _
conposi t g has 1he tHaiidik seterial a2 RQUed B BldmCh. wHereidt thel ABerRethdrdi1A@r Bt eri al  as
recited ildinikdid tBthd,gypRNBlewithséh ddhd ek tHREFBRIvedPY ShilRAS6 @il thikd. ckness  of

about 1/8 inch. 5. The building material as recited in Claim3, wherein the

gypsum | ayer IThs baildidy kines as raftedaboUlind i 2wherein RO fiber-cdrivent ayed bisneg nmat er i al
as reg6it ddckiness ichithat the fibdreeraem laydréndividsty is eatself-suppyerg. i s | ami nated to the
gypsum |l ayer with an adhesive that is between 4.5 ml| and 6 m | thick. 7.
The buil & ng Aduddipgmatgeal r:@nmrtswa in Claim1, wherein the fiber-cement |ayer
has a 25 thi @If'h‘éfé:ém%’ljéh?et At the fiber-cement layer individual |y is not
sel f - sup ortl ﬁ ypsgm PANg)y Whetsip dherfideraremant shesiysylprainple eﬁYpﬁ‘éPPE t sheet,
and 4 % ‘ecgjgf@re cophesIeiBPE @i e apEdE: 'lgs 1PAFPHAEdOD t he
gypsum pﬁ?ﬁ?f de

9, The building material of Claim 8, wherein the single piece laminate composite has a
thickness of about 5/8 inch.

35
10. The building material of Claim 9, wherein the fiber-cement sheet has a thickness of
about 1/8 inch.

11. The building material of Claim 9, wherein the gypsum panel has a thickness of about
40  1/2inch.

12. The building material of Claim 8, wherein the fiber-cement sheet is adhered to the
gypsum panel with an adhesive layer between about 4.5 mil and 6 mil thick.

45 13. The building material of Claim 8, wherein the fiber-cement sheet is adhered to the
gypsum panel with an adhesive of polyvinyl acetate.

14. The building material of Claim 8, wherein the single piece laminate composite is roll-
pressed.

50 _
15. The buifding material of Claim 8, wherein the single piece laminate composite is
pressed in a single or stacked configuration.
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forma single piece |lamnate conposite having a fire resistance rating of
.at | east one hour according to ASTME 119. 35 9. The buil di 29 rrﬁﬁerl al of
Claim 8, wherein the single piece |am nate conposite has a i cHBEse03s
about 5/8 inch. 10. The building material of Claim9, wherein the

fi ber-cenent sheet has a thickness of about 1/8 inch. "11. The buil ding
material of Claim9, wherein the gypsum panel has a thickness of about 40
1/2 inch. 12. The building material of C aim8, wherein the fiber-cenent
sheet is adhered to the gypsum panel with an adhesive |ayer between about
4.5 ml| and 6 ml| thick. 45 13 The bUI|dI ng material of Caim8, wherein

t he fi berrgcenenk 1sh M&MMM

884 rdaferigtd g Ie
pol yvi nyliadsgt abpositedis schieg@ “htulalpduymgncrwett@bh@a cb1sToh i WG bIAR E@laRc t he Si ngl e
pi ece | am nate conposite is roll- pressed. 50 15. The building material of

Cl ai ms8, wher eihg duhéing maghi® @giEie d, ameral & leRNPasiutiecel & thpriagiseibcen a

si ngl e orlasihae k@opwient pdragdaithonwatdrda2d oNOWeR@ARd péint. The bui | di ng mat eri al

of Claim8 wherein at |east one surface of the single piece | amnate
conposi t €18l s Sfealethdd Viart freraripph paislingcmaterta for hiestdiatios mangiisorg emiretsvent - based
seal ant . fibr-cefiamt ldyai tb diswepunreresl fodprmof sir@leatiepe Samindieegogipasitgt | east one surface
of thd single piece laninate conposite is prined with a water-based or

sol vent - B4sed Thaimethod p8 Clamn Adt Miseei Be fiperapment fyetais ianiraadg ha®@riral f or

i nstal l atnamﬁuawq'mwb“ﬂéﬁﬁaﬁ%wﬁg a fiber-cement |ayer to a gypsum panel
toformasm |ecel mnate conposite. 10.19. The nmethaod of C aim 18,

wherei.n tiie fl e ‘L”Ecﬁhetfbbef & $"'8 using a
pol yV? nylpa%eééptc & %ﬁfﬂ'gg é%gfﬁmegﬁaé{ej;@étt P REMeid ﬁ?%ﬁssuﬁh‘)f L}’am nati ng
 the fibetenent | ayer to the gypsum 15 panel includes pr eSS| ng the

fiber-cenent |ayer to the gypsum panel at a pressure of at |east 38 psi.
13
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