Wc) 41/26894 PCT/ USOQ 27451 Fl BER- CEMENT/ GYPSUM LAM NATE COWVPCSI TE

BUI LDI NG Background of the Invention Field of on 5
This i nveW@?ﬁ%l ates to abuse resistant, inpact resist atﬁ?‘?anngﬂEf
resistant building materials, and nore particularly, to a single piece

| am nat e conposite buil di ng nat éBERIEMENTIGYPINMILANIBAENt and gypsum
Description of the Related Art ard mar ket has been

dom nated by the use of gypsum V\/QWPB%{%}L@ %Wéb@pfor many years. The
gypsum wal | board typically conpri SBatarbad ¢ the@petion| ayer s wr apped around a
gypsum cor e, exanpl e, one paper 10 |ayer covers the face and | ong
edges of tﬁ@—%&i‘ﬂ—e“—“&qd t he second paper |ayer usually covers the back
surfage of the hpameatiof it & Busk TesiRER dRANABEM MnONO BNt Bfkhg GRRrACaIRERT i ed
with additives such as glass fiber, vermculite and mca to inprove fire
resi st ance parigylalyeiaio snappiegedamingtp eomposis buidiagpaterial afifbeseempra i @PBee i s anot her
desired qU"JIE n'of‘théf‘@élalte@ @rds. Gypsum has poor abuse resistance conpared
to ot her | matert als such as wood or nmasonry. The paper surface of
gypsum 15 wal | Htmntdwl walllgerd indriet ik brarriotiindted by thpise of gwpouotwalitvard padidtd forgany years.
;E?ﬁ:’lt 3}, Ieor}{\er@é‘s?(:k!zlﬂg{dqr :cQP %grr s tth % gaama%snr}%geq aruun{iagyrp uml%oggfior ldl’?p%t ci?ae [?alﬁle?h as
resi tent i allaydr vk shlafanmd lmﬁmdgbs aiv&ie boardpdndise secadd fayeplagabsudincoldrsghe Hackatifabeacof c@ONMS

such as corridors, famly livi eas, g Siunms or c e roons
wnl I boar o R EcEl SPemiE AT & FolE ek D RS S Ehs 0P G5 T R FIOar
t o i nprove i k@b fire ABktSRe. r €si st ance. One nmethod was to bond a plastic film

to the back of the wall panel to resist penetration of the 20 inpact

bodi es into the Fadgaade "\Kh!gf‘“%?v?bt‘ﬂ? Tesiplast 1 @RothpredpsiRsiuafiydn walboardsc Gvasum has poor
fi ber - gy psym\@lidtanRaRlaredMot obhed v MMk ammgl@ac%@»%d brahsohs. mrpraﬁﬂsuﬂme 9 Fpsum
gypsum based core. These products typically have inproved surface abuse
r esi kY ance watthoard ip easily dlpjesged Sy impast wichos seytirgriniientgipp Sipringan Rersativeiwithdiantiof saft body

gypsum bas r y ribed
TPOS,  par et s B SHRSRIRAGH SRR o Mus Gy Bl et B
havi ng si grbufd istmtal iralfigh Sreffir remis sicnasceridors, fniilplaing semeyrnasivifs bernge@ment has an
Stch o wear - andTat YERYT MRRE rhR RGPl BAPSG [ PhBR RS,
wal | panel abuse redis&iice] Onecheehsd wstto ﬂum/aepimcfmme tirecback oft thameatl panaltts mgstmmmrnaana:bthe to
gyp wal | t hi ckn Anot her sadvant e of fiDber

by (G e S o eyt AR Pty st (AT B e poum
panel s of o@etudydedoid ontold GleeSed e IThRX PEAREE1ypicdlly havd ObpFovddistirRee abuse resistance to
resistance-rated wall systemw th fiber cenent requires mneral insulation

in the wal [the Pappq yucace pf nefmal gyospm, wallboagdy  Smilprgypsugyhaged QW@?&MWF‘I““%W@P“W%S are
achi eve a %pﬁﬂgéescmeﬁﬁUrsef%keﬁttnﬁm:f Fe2lhdch. PR PENg hst ed i n accordance with
ASTM E. 119 | ayer systemof W fiber cement over 518" type X fire rated
gypsum wal | boar anerra%eftﬂééwg \yigeifgrant bugrciRtistapes is Bhgtaemani. r kibey eepns thasnaneadvantepe AbAS e
resigfance, §chpgneﬂv§h/a &earaa éuﬁacgﬁﬁs%‘}ésxgﬁﬂe duth a@&?%%ﬂ“ﬁé@%%&&ﬁ e dFibeP cement
Resi ‘St ance "De: - Gypsum wa f*boar st eel
studs, fibey nsglémmali tmarrscihaprt dm noebm yflrsyes;tt@na ratiNy Fogtparaile 1o gypsum wall panels of equal

thickness. Another disadvantage of fiber cement by itseif is that it is significantly heavier than gypsum wall panels of
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equivalent thickness. For example, a 1 hour fire resistance-rated wall system with fiber cement requires mineral
insulation in the wall cavity or a sub-layer of fire rated gypsum wall panei to achieve a 1 hour fire resistance rating
30 when tested in sccordance with ASTM E-118.
A 2-layer system of %” fiber cement over 5/B” type X fire rated gypsum walthoard has been used to achieve
hoth fire resistance and abuse resistance. Such a system is described in Gypsum Association - Fire Resistance Design
Manual - GA FILE NO. WP 1205 - Gypsum wallboard, steel studs, fiber-cement board propristary systam. This two
piece system is disadvantageous because it is significantly heavier than single-fayer gypsum wallboards. Additianally,

35 the 2-layer wallboards require nearly double the amount of labor for instailation because two separate wall panels
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FIGURE 2 is a cross-sectional view of the single piece laminate composite of FIGURE 1, showing the relative

thicknesses of the fiber-cement, gypsum and the adhesive layers which comprise the single piece laminate composite.
Detailed Description of the Preferred Embodiments
30 The preferred embodiments of the present invention illustrated below describe a single piece laminate
composite wallboard system. It will be appreciated, however, that the present invention is not limited to wallhoards,
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

W
N

to gypsum layer 20 using an adhesive 30, creating a single piece laminate compasite. It will be appreciated that the
-
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ASTM SPECS £3B

it will be appreciated that the face of the gypsum panel 20 bonded to the fiber-cement 10 does not
20 necessarily require a paper face, and the gypsum pane! 20 may be bonded directly to the fiber-cement 10. A preferred
gypsum panel 20 may also have a glass or polymeric fiber mat or woven mesh combined inte 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 reasons. First, it can
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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 g/em® but can be modified
by pressing the material to dry densities up to 2.0 glem® or by addition of density modifiers such as unexpanded or
expanded vermiculite, perlite, clay, shale or low bulk density (about 0.06 to 0.7 g/cm’) calcium silicate hydrates.

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

35 accordance with ASTM test method C1185, is 1850 psi along the panel, and 2500 psi across the panel.
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(ﬁ a Ci % SI, InNn S aé e

surface and 1s typic y presse about
conf i gur asucloss, PVA fother egape © xomaic e#hysw@onambnmteguch Ovetepref eolyredt @idkiesisvent s Sun

Adhegsi ves I A dhesr ve 4- 3500 . S i

Ad frllgSI Vesbap é% a%resrvey lherﬁigsgt ar‘\;[esl(, Y 3 ers s[uch aé d“?l%,_ﬁ%alrcges,t!rﬂrjét!J %§H5§Fr65¥ﬁagrv%gt

pr ef er abl melﬁdﬂeﬂm md&ts pcrwhtem,m heasutﬁh rearsari?hﬁﬁeswm her organic or inorganic
adhesi ves may S suc S er - hase ric adhesives, solvent 1 5
based adhesi ve§® aw‘ﬁsé"F ﬁ%%?gﬁﬂ’r@@a‘{/gsa rBﬁ&atmur" ?essﬁg;e ehtdie gyRsLieneh 20 ispgierebie g

St ar ches, cidahed ¢ rehmoliu bidEeriCHR@ 10 BdhbsRaTtii @iedtOthe sriEBh tac2 FREBHMR 0 B YeRrahS

pol yur et ha and heat or fire resistant adhesives. The adhesive 30 is

pr ef er abl §Pf"-‘adp$3F"rVé’de' eafire gyiface pihe QpsU, paaRl @8 s THRRYET B phicknges o Jhs sdiasive ARerheno i s
preper abl Yeasurds @ANEHankan - {?\rﬂmﬂMﬁckf‘ilis'ssgtaug@-ﬂrﬁL I ﬁﬁ%tﬁﬁot@@lﬁs@qh@n athm@ll ARNSE b§ bR Quill S

applied to the snoboth face. The adhesive 30 is preferably spread evenly
over the ®hesdedabsysbimilc Ehediberegment gingd inpjseed e tumcjthemmeuw\mei 20, which ihcetehwids of

the adhesédﬁ@rv?ﬁ’ PMEBU%QME%?@HVF% }Mn@l ?()agnﬁl‘%ﬁgﬂ?eﬁ Tshe Plet@d Iaa@ﬂ EEE} 1] gﬁﬁrgd will

gauge, preferably not ss t out
not exceeid aatsesundesa ivpd of attke37f5i H AP pg domprateralhamdbss 1@ sbgut pnamretds OThe panpis ch’en t he
gypsum pan i ve 3Q, square o.the ed es of
Te oy po g v B Lkateh S Gitel ol e ot ORI Or R 8 DRt el Ses
cuped i ngrifito[diie 8 Bapdrdd @RE. TAe hapiad sdfingdleeetibly Rilizedthresaliing fdadsT DHe gliee brakRRd Béltsno
| ess than ?b%gt 30 'Hut es,..The EF nels then preferably have the fiI ber

i Bd b

cement suff i B O BTG PRE™ oo g are ALV HBRECyR IR fon el chmpapRs. el

such as dﬁiﬁ‘mmﬁape 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
athesion.

30 The fiber-cement surface of the composite wallboard 40 may be optionally sealed with an acrvlic sealer such
as UCAR 701 to facilitate on the job finishing. This can be achieved with 2 suitable latex paint which may be sprayed,
rolled or brush applied for wallpaper or texture finishes. It will also be appreciated that sanding the fiber-cement panel
10 is optional in order 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. It will be

j¥3)
h

appreciated that a roll press lamination process may also be used, with a suitable pressure sensitive adhesive.
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25 grit to forma tapered edge. The nmachine sanding preferably utilizes
t hree swadilnng89eads. The grades of sanding belts prefermtaysmwange from 40
grit to 220 grit. The long edges are machine tapered to allow for setting
corrpounﬁkt oint reinforcing tape and finishing conpounds during flush
jointin on installation. The surface of the product is preferably sealed
W th an acr yhbus resistsh@itars e zruﬂahmuen brh@re&uardflaﬂxetewaﬁpefneahﬁ!orm‘& pefarrdd @anglke it

easier to paint and tq i ve pai ber - cement surface
of t e EOHBEu s 19 PR S S Bl 1 BE OReal Miprod aee. e Kot oA i ¢

seal er ﬁﬂﬁmerlomram%mtdlﬁthftlaﬁzbﬂmlnh a/baex mélreilhﬁt bypdamiwalbo it ehe ablbki rssisamn be
achieved with a suitable [atex paint which may be sprayed, rolled or brush
aBpI i edoyPyy ?/%lea'ﬁﬁper or texture finishes. It will also be appreciated that
sanding the fiRereafiethe Paﬁ}ﬁh embb@mdnf o@lﬂk'pﬂz%{ mGeﬁ‘noPrlsdlﬁﬁt n‘nfher tm)?zogﬁ)slﬁnhe
finish of the fiber-cenent surface. Furthernore, it wll be appreciated
that swalthiengr a8 iber demset shret byrthemenivesa provide altogegher Ihbéhwcfemmtanpﬂamm sir3cei s

| ami nat g0, G rgm&wmﬁlam@mg% 4 v iaR Suaeti P o AR @m S
press lamnation process nay a e use cf i

sensiti syemanualsmllvxetem-vaemtdﬂld RO RFA19REH dnwﬁmﬁédﬂﬂamsurfa’cesttusmgp«sﬂmasmi umﬁStI st ance
ﬁsts wer e conducted on one preferred | am nate conposite panel. This

B ef er r &Y a6%1he| provi ded superior inpact resistance to the common type X
fire resi st anis bgl;epsmm e brbfreapael afhims [ @dvertageschf hepro@dd fidduRDstredy@San® WA Qi OF

abrasion resi st he co X fire resistant psum

wal | boal'g ﬁtée"!!tﬁé"%g @'RE"(Qgf@?"&%‘i"m’%?Wéfy'@md‘ﬁhgﬁﬂf"eﬁﬁr?gih%pmf%’ei’}mﬁé‘l““ f'dat ur e

of t he F)ﬁ.&afWem%ﬁsm%mﬁe&ammkw (peagant invention is that neither the
/1" gypsum _wal | board or the 118" fiber cenent sheet, by thenselves,

provi de al t ofjepigired compesita alg hesthempyeldeatuees ptdire-spdabuse sharapteyistics ifrarsiagewallga gie and

ijgpact £§?®!e?(§&@f§%m FIRVGY RlistankeFbd A8 Ab0G rekifiEht §pMRm TRt GlikAod cbiRAGEqBRE 2 RYOVI des

the 1-hour fire resistance in a symmetrical wall system when tested to

ASTM El fayegsysipieoverrineisypptrng &amewery.eTherg s caggiderable dvantagpoeth the giefetred nempositmidredusplact 10

resi st t r.r ant ages

of 1 mpr o o el RRIEEN SEo ey Pl sl AL o 5 My P R RPAC

hum di fnﬂdatdeﬁflﬁé?_ctlwmhmwmﬂbedd fobswedhy themmaﬂplmma}’a titermemeneavergheaép. {Thectotal

Phi cnoapR G, £y b 18, & FurhidBhs SocREWN WA ARALE Rk BRI . L e

ap fi reofalmdreahxuwmtlmhar acteri stl Cs in a si ngI e wal | board or 15 a single

pi ece syst erT}hu Ptl‘nloﬁ)ee Enld{m%\nt qh%ir:ﬁsse;[n?‘r}ven?un piow&s asnrg;e§|{ecers]¥s%m tha?nf ﬁt Ieagtaborg n?\% ri;eoﬂrs t hat

utilize fibere&nen over
f r amewofirk resistdned:réted #d ﬁhOﬂSHsdtemaﬂilseedaxdymmmgeof\Mmb Ieo itiskud canp&idals t’hedla@i)w@@;‘al te in

reduced rial ui cker install at a i ece st em ver sus
oo ayBya s v Ra s o S Rretit bP e Gt FOH B MENE t ype
X gy PSUsstaag paRed adnfilarédab the Wgler B)stein N BoredVr ! tAd haddribl & kadi cut ivilh pufmhrb@é’arsc\ﬁﬁﬁﬂta over
the top. The total @ thickness of these 2 |ayers adds up to 7/8" of materi al
versus Wiekand gasy meshogplicutfingni t h t he preferred | am nated conposite 20 of the
present i NVetHeimBtarial alsd Wabragion rediktent, SaRAQEnTRB{antlaREmPtE&RAM o YRR bldARd RV des a

single piece systemthat is at |east about one hour
as illustrated in the tables below.

Surface-abuse and impact resistance can be determined by methods used in such tests as ASTM D 4977-98b

{Standard Test Method for Granule Adhesion to Mineral Surfaced Roofing by Abrasion), ASTM D 5420 {Impact

30 Resistance of Flat, Rigid Plastic Specimen by Means of a Striker by a Falling Weight {Gardner Impact)), ASTM E 695
(Measuring Relative Resistance of Wall, Floor and Roof Construction to Impact Loading), 1SO 7882 (Vertical Building

Elements - Impact Resistance Tests - impact Bodies and General Test Procedures), or other suitable impact or abrasion

tests. Fire resistance can be measured by tests such as ASTM E 118 (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 tests.
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fire resistance-rated and abuse resistant. This reduces the anount of tine
to instalwooengmased to the 2 | ayer system |owers the naRST/USOIRMEIwal |
unit per square foot conpared to the 2 |ayer system and requires |ess

fixtures per Il for installin anel pared to the | . aver, m
vor cover , UEAE" it el cond Buelh, BB Gon P TR pubel e Gpp Bt AGE

qui ck and-geagyuraiel artieved sugtidr bbragigh andingact®&isRiice ssliluala®din the tabildbeled.on r esi st ant,

i ndentation resistant and i npact resist qt (soft body and hard body), as
illustrated in the tabl es bel ow Surfi%@-abuse and i npact resistance can be
determ ned by met hods used in such tests as ASTM D 4977-98b (Standard Test
Met Rod for Granul e Adhesi orfStD4 freWisp Brugh furfae Aipsiptissti ng by Abrasi on), ASTM
D 5420 (Inpact 30 Resi st an®Mdifig tofpvap totafgf &7 lbs loof spdtusht  Speci men by Means of a
Striker by a_Falling Wight (Gardner lnpact)), ASTME 695 (Measuring

Rel ati ve Res|stance of Wall, Floor and Amedsf D@iinst r udbridedPepty | ppact

Loadi ng), |1SD 7892 (Vefwiuwglal Building El oments || npaéthefRkesi st ance Tests -

| npact Bodi es and General Test Procedures), or other suitable|inpact or
abrasion tests. Fbfdemiescapaice can be nk@urediby t 896G such as ASTM E
119 (Standard Test Methods for Fire [Tests of Bujlding Construction and

Mat eri al s), UL2635/8UBG: ¥Gylsum BieBA 251, ANSLOIA2. 1, 'or ofligéY suitable fire

resi stance tests. -6 WD 01/26894 PCT/USOQ 27451 One 518" thick | am nate
conposite enbodi nent, conprising 118" Tiilelfer - cenent | am nated on top of a
"/z Hardirock Max "C' Gypsum panel, achieved superior abrasion and inpact
resi stance as il | ustr at edSl 7892 fagtiot &blHerd Bolglmpat RedigtiokecTet 5 ASTM 04977 - Wre
Brush Surface Abrasion Test (Si{ghtrghbck @adittHpigha¥ e tafctcait al of 25 | bs | oad on
brush) Abraded Depth Abraded Depth Product (m) (inches) 5/8" |am nate
conposite 0.D00 0.000 518" Type X GypmishtatBonsntted. 01@enfiidd@dpth Tabl e 2 1 SO
7892 Section| 4.3 - HardeRedy/ | npact [Resi Gfcagdce Test  (hehed Si ngl e I npact @ 10
It. Height-2 U.-I'b. force) Indentafion D ameter Tndentation|Depth

Product (inches) (dneGhasddcomiite | am hat edygonposite 19270 0.275 518" Type X
Gypsum Boar d[I7788 0. 275 The hard body I npact test was conducted with a 1

kg bal |l bear| ng asgotitd i tyedm bsdgSection 4.8 through 428 5 of |1SO 7892.
The panel s tested Were fastened 10 20 gauge steel framng wih studs at 16"

on center. Theypehad nofiy ikt test was conducted with a 1 kg ball bearing as outlined in Section 4.3.1 through 4.3.5
of 1S0 7892,

The paneis tested were fastened to 20 gauge steel framing with studs at 16" on center. The %" fiber

15 cement panel was fastened with 7 gauge x 1-1/4 C-Drill screw spaced at 8”. The 5/8” Type X gypsum waliboard was
fastened with 5 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",

Tahle 3

ASTM D5420 - Indentation Test/Gardner Impact Test

I

Product | indentation Depth {inches)

518" laminated composite 0.701

5/8" Type X Gypsum Board 0.149

For the indentation test, ASTM D5428-96 Method GC was followed which specifies a 0.625 mm diameter

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

o
Uh
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15 cenent panel was fastened with 7 gauge x 1.114 C-Drill screw spaced at
8". Thewsl@A268¢pe X gypsum wal | board was fastened with gcges@arisil. 118"
Type S Bugle Head screws spaced at 8" and the 1/8" fiber cenent |am nated
on top of '[z" Hardirock O um wal | boar d s fastened with 6
gauge x Ml o 1B aligre T, S LT s oo B oo e v T
D5420 hhaekeiehaas beenavefed fhr@mrodner | npact Test Product |ndentation Depth
(inches) 518" |am nated conposite 0,101 518" Type X Gypsum Board 0. 149 For
the indentation test, ASTM 05420-96 JE¥fod GC was fol | owed which specifies
a 0.625 mmdianmeter 25 striker orifice with a support plate hole close to
tRe di aneter of the strildsfM E%?ﬁ'dgaS"fZB‘de'.mp%émeg'ﬁ?m?&Ftl ing a distance of 36
-7 WO Q1/26894 PCT/USQO 27451  inches giving a single energy inpact of (72
1.8) f{.-I1bs. Ten specinens were test Bahubtvelmpeablte pr oduitgledmectval tes in
the tabl e have beenPredigr aged for all 10. Talbkke 4 5 ASTM E&fe- 79 - | Soft Body
| npact | Resi stance Test Cunul ative | npact Force Singlle | npadak) Product
(ft.-Ibs.) Force (ft.-lbs.) 5/8" |am nated conposite 180 210 518" Type X
Gypsum| Boar d 66/8%i@mindted'tonigpsber - cenent  Panel 180 90 The soft 2bmdy i npacter was
fabricated according to the requirepents of sections 5.2.1 through 5.2.4 of
E695- 79, fill eulB'tTgpea GyrsusBoamei ght of 60 | bsid The bag is sugportedias a
pendul um striking the panel nidway|between 10 the|stud and nid height of
the test wall i " Blerdemex Ba@nts. The| cunul atdove i npa¢t was gdef i ned; as the
energy needed to reach "failure node" either by "set deflection™,

facel back cr agkfngody aipebted vastabidatalet@iing ol tRteddifementOof 2R tions BRANKEL{RE AU RO any
of the previously defined failure npde(s t he wei ghted bag was rai sed an

St 1 o Bhab 7 e et WO GRS e 1B RGHIE Hhes oot s e poraingy terendad o

n@ach aig 5idd dndihi@ nelRChehe bR whiR 6'GMMMERL | Ve T npact was defined as the energy
needed to reach "failure node" either by: "set deflection", and face |

back cracki néfe CeFHaFGImPaEt s debTedpsrtietenasuy nesfled 30 reactp Hilure wpdsheithes A taetrigflectiny, of t he
previ _ou&L%aa%fatmﬁ,damﬁ@kthwefarmaimqﬁ&%)zsn. ﬁﬁ&;ﬁ#\gﬁhgm ﬁﬂhpn?egioﬂg@tﬁeﬁé%g@grgmm(s),

addi tional 6 inches in heldg_ht to reac "single 1np needed to
the weighted bag was raised an additional 6 inches in height to reach the “single impact energy” needed to reach a
failure mode.

15 The cumuiative impact was defined as the energy needed to reach “failure mode” either by: “set defiection”,

and face / back cracking, and/or stud deformation of >0.25". Upon reaching any of the previously defined failure
made(s), the weighted bag 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 framing at 24" on center. The %"

20 fiber cement panel was fastened with 7 gauge x 1-1/4 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 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",

Results in the table are an average of 3 panels of each material tested.

25 Fire Resistance Testing

One embodiment of the present invention was tested for fire resistance according to ASTM E 119-98. This
embodiment was tested as a dual wall assembly, comprising a cold side and hot side. Each test assembly consisted of
3 10 ft x 10 ft non-loadbearing wall of 20 GA x 3-5/8" steel studs spaced 24" o.c. On the cold side, one layer 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 3-5/8" steel studs 24" o.c. with minimum 1" long Type S drywall screws 12"
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reach a failure node. The size of the panels was 4' x 8, and were fastened
to 20- gauge, siiReds framng at 24" on center. The '/4" 20 fhichrispgeamnt panel
was fastened vvlth 7 gauge x 1.1/4 C-Drill screw spaced at 8". The 518" Type
X gypsum wal | board was fastened with 6 gauge x 1-1/8" Type S Bugl e Head
screws spacetflest angreilipgupngrvad intergediateisiyds: Festepaesryrere|piasell ppamoxseptalyr” inrop pansl corngrs
Har di r ock ] Type
S Bugl o eiprpete RS Tl ot AR B Wk siE LR Y Mg pEBEE tootrnftace V0L
3 panel s afin emictted ek ahitkadarditogt Wat.C™ FBsufrboae Nae&viﬂisttmnmécuwewmmg?ym@ GA. x 3-
embodi nent_, of  t he gsent.. i nventj est ed f fire resis

accor di ng T RS TRIEYS 16 Vs R ' BRHES HERD St T els Aol RHR Ry
assegibl y, i@onghiestudg FreGit Borisshtelepar@inoint dere ShffdefrnnEaﬂHhsxd‘eesrTzon&Sﬁdampimys yaaasi st ed
of a 10 ft x 10 ft non-|oadbearing wal | of gs " stel st uds
spaced 24"Fageng's werplacHiaprsimefei d‘é"’m H@”glc%{gﬁé‘ra“dc?f"””f‘l“é"“‘y i H‘?*é“ﬁ‘ nEisheEi*hoar d(r)
fiber-cenent faegingkbmbet Afenmd @eh s@Rmbliésre clhit i Ghordraasliul %Kt(n? )Jan tMaeﬁy &Eatmg § 5 g

gypsum board was applied 30 perpendicular (horizontally) t

steel st udbatmmfrarr@v‘@ Ipréen tortiapspaiLiesel walls Bogtheriptast dpciiby yianas ?0”@(&%‘9‘\%@"\1@3‘9"9“8 WO
01/26894 Reh! W0, gﬁl@; o8l FmeiAhto oA mABEs 6 3fph <RI a0 bl Tl at €
studs. Fasteners we ace approximately 3 from panel corners

appi®xi matreslsigncd o dcilitate Sﬁacmmstmﬂm Teelgeiicati@rioes hat cfrangﬁ@esqumﬁeransmneonlcwgtpnsms 118
th| ck Har di goar"d sfn|1lper cenent face skin lamnated to 'h" thick Hardirock
"Max C' g L L EEET d' was applied perpendicular (horizontally) to 20 GA. X
3- 518" steel gbintelveR4iieated with \vheinkallydenibgrpandd " gypson gpinT ypoutd ISENADblabosdSr &8s 12"

o.c. at floor and iling ru iate studs. Fire sid
bor i zant aloopimemh S5 o ettt u e e B P S ST W AR SR Bi it o

by 24".  Fasl@ekith maRiBtuiRl sRiash |@@lﬂﬁ@§<|Uﬁﬁﬁoﬁld)ﬁvaﬁapplkﬂoﬁ:&@m Rebd3 BldRght ReEMIWRSS and
apprOX| mately 318" in from panel edges. Fram ng rs in flre rated wal l

assehbl | esf“‘ﬁ?dé’yé@j%'“"@/s%ﬁmsFﬁﬁfP‘f"édrpaf%gﬁfafcl‘N }apen\gqsdmedxmly Wﬁ%“‘“ fRBle P e g%t i ng a
floating fobaged Wadbrreinidrdhg RpEE infrdidtdydMBRE dith LRGSR cWibbdndank biwadtd Wy fire test
facility to the sound test facility, fasteners were placed through the

wal | panel s i ntlee W@Wﬁﬁ@erﬁﬁhﬁié\eémmf thel tesd waschE . eith ¢ felatye Pumidiest Bf .o Bikayghoy
provi de r i |

nodi fi cat ﬁ?gc)ﬁlregl set 1199 rp()e,?sﬂe%ﬁf@rgﬁﬁ h%{&een & 5n d&e u"?‘ h@fuﬁ&eé‘gri\egﬁgg gn\?pggtt f{'{? St Lﬁo T the
wal | asserﬁainyhe mbaem 8f tiewa sgemmt adthwabdmtammtrnema:b Wvys-tatnednay - q)lm/mteas ogypsum

| th ASTM S f t C
14(7){5% f g(r)rr]gl(’)“fj@hw gﬁﬁ“l"#*’t'ﬁ'ﬁ”@&%&% ‘*‘é’«‘f)é%’é’f t%es{r{)f’%“ ggt \;/Mpe corrpountlge\(/:v:asI (r:naxlegnl n

accordance wt mbmmwiﬁsmaeummg:h&est\mrt isedowsast ructi ons. Conpound was appl i ed
to fastener heads and joint recess was 15 fornmed by adjoining sheets.

Per f or at edﬂi&@éﬁﬂrel nf oﬁ@?—ﬁ%—‘k ape was i medi ately inbedded centrally into

t he joi ntggp Perf orat edrpaRaked ki@isnbar ci ng tape was i nmedi atel y i nbedded

wi th additional conpound and allowed to dry. The anbient tenperature at the
start of tIH8 test was 8@ppcantinfamiatey corempsle pRpR seRRFPRAVE YIRS (0BRSIGT toideho ut
the fire test, the presg,H{{;gtm,,fe @rential between the inside of the furnace
(measured at a point 113 of the way down fromthe top center of the wall
speci men) 22Ad t he | abor Striaseyp! Apadntyiamingted copmppsiterperielseagking and tuing gk 03 i nches of

wat er 3:25 Laminate peeling and falling off exposed surface

4:15 Mugch of the laminate has fallen away; exposed gypsum paper flaming

713 Gypsum paper black/gray and flaking on fire side

10:30 All of the laminate has fallen off exposed surface

32:30 “118" gap at the bottom horizontal joint on the exposed side

39:00 “1)2" BOPS at the bottom horizontal joint near center of wall on the exposed side.
§0:00 The furnace was extinguished and the test article removed and exposed to the standard

hose stream test.
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20 columm, which resulted in a neutral pressure at the top of the test
articl evo@gew¥at i ons made during the test were as fol | ®eIUSOTEHEL (M n: sec)
Qobservati on 0:00 Furnace fired at 8:52 a.m 1:43 Applicant's | an nated

conposi e hanel separati out -of-p hori zon j oint on
the fi r'i“s '8%" 2: 20 Suﬁ1 aclgwofm,&pBd ks e S“f"da(d iins r#'eag't 3968‘@%@”{9 DfEQHSé
cracki ng and turning fadmaZdideet %@BruMMemﬁesqﬂmlforng:emmdf #0adedohda.g Thf test exposed

surface 4:15 Much of the lan nate has f ex p paper
flaming 7:13 Gypsum %%tgé?"e%}"’g’@ff/sﬁprﬂg)}esbﬂﬁ fﬁ gﬂﬁ ﬂ%é"b'ﬁ" 'FtF@g"s‘ﬁ%gé'ﬁTgb 30 Al of
the lam nate has fall gmn@ff exposed surface 32:30 "118" gap at the bottom
hori zontal joint on the exposed side 39:00 "112" OOPS at the bottom

hori zontal joint near center of wall on the exposed side. 60:00 The
furnace was gt (R e ark vﬁﬂﬂasﬁﬂﬁurﬁﬁ%tdefﬁ&foﬁﬁlﬂf?ee SADNRisABLXRRED 8@ T he
standard hose streamtest. -9 WO 01/26894 PCT/ USQOQ 27451 Hose Stream The
wal | walgositisnsidk 6 (rogition A argtS8 rensitien #ﬁ)d@@t@ﬂeﬁéd‘mft"@g‘tﬂ"-f"dﬁ“"mﬂe"& weregngda from aof 30
psi fro ,exposed surface for a period of 60 seconds.
The tes{!ﬁf%&n;{tﬁ’ﬁ]}wé\%’!ﬁrﬁcé%?ﬂwﬁﬂﬁ%se stream test when the hose stream
penetrated t iMEVmd)| after 19Psssmconds. Duri Pogititnhe fire tesPgsititthe wal | was
nmeasured for deflection at t points alo .nits verti cal g terline: at
30" (position #1), 60" (pos on #2) and 9 ' position #3 omthe left
side of the wald. Measurenentsssvere nade framgg taut stringlyio the wall
surface at each_ location. TI in Position ition Position #1 in. #2
in. #3 in. 0 89318 5-3/8 5-17 10 5-5/8 5- % 5-7/8 20 é'{i]94 6-1/2 6-1/2
30 6-3/4 6-3/496.718 40 6-11216-114 6. 112 ¢ 6-1/4 5-718 oyd/4 60 6.1/4
6 6-1/2 5

30 6-3/4 6-3/4 B-7/8

40 8-1/2 B-1/4 6-1/2

50 6-1/4 5-7/8 6-1/4

60 6-1/4 b 6-1/12

5
Hose Stream Retest
In accordance with the standard, a duplicate specimen was subjected to a fire exposure test for a period
equal to one half of that indicated as the resistance period in the fire endurance test, immediately followed by the hose
stream test.
10 Observations made during the test were as follows:

Time (min:sec) Observation
0:00 Furnace fired at 1:37 p.m.
0:53 Applicant’s laminated composite panel cracking on the exposed side
1:20 Applicant’s laminated compaosite panel turning hlack
2:40 Gypsum paper turning brown where laminate has fallen off
3:00 Exposed gypsurn 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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Hose Stream Retest In accordance with the standard, a duplicate specinen
was subj esbedrdsesa fire exposure test for a period equalegcnusmardsal f of
that indicated as the resistance period in the fire endurance test,

i medi ately followed by, the hose streamtest. 10 Cbservati ons made during
t he test%\“%—%@ fol | oW e " (i n: sec) Cbservation 0:00 Furnace fired at
1:37 p.m 0:53 Applicant 3®psdfﬂm2lmmwdaydmmsipisﬁf spréane | Thecte Grtiengjthaxbod thae
exposed side 1:20 Appllcant S IaF1Hﬁ gg?Slt nel ﬁurnlng bl ack 2:40
Gypsum paper turning br'8RATSHAES @AM pesigre’ walfr hapendiewall 3. 00 Exposed
gypsum paper ignited 4:25 Exposed gypsum paper stopped flam ng 11: 00 Mich
of the lamnate is gone, gypsum paper turning white 30: 00 The furnace was
extlnQU|§hE@ﬂﬁﬁﬁﬁLﬁéllé§t article renoved and exposed to the standard hose
streamtest. r r ream
test for 60 s;@gggﬁha? ng‘ J? %giaﬁskeg sm%a?mm@ﬂam'aﬁ]mi@%ﬁ%@h?g)ﬂg'}eggﬁgglﬁku mee
f m n: secl Ha@beapi®fibdr-tament éace %@Iap)@atedﬁtr'@nﬁumiafd@elt“ ‘o™ Dypom waliteard eiplotistitacaar f ace.
The_ test ar I sage
of et or PR Sheb BaRp et Eaiep T ity k2B ol oY RRPAS T .
gal vani zed;imrsdn&alwalsasudblv\ahdrmmottm ARpptiitgaatidrs | am nat ed conposite panels
(118" thick Fgr i board"9 fiber-cenent face skin lamnated to' h" thick
Hardiroc%@ﬂ?—i%éi—@ﬁg§ gypsum wal | board) on both surfaces, 5 constructed
and tested as Weg6sield@fbodioientt it pre@mrvémmn@@ﬁ»lnemefds.s@anmnatlemdhﬁmd fififahtr €
resistance rating of 60 mnutes for a symetrical wal|l assenbly according

to the AZMWE E@i@a@fea'ﬁtafmav%ia?maé%dym%efm%@fﬁ%tﬂé@j@%ﬁl#ﬁ@mﬁwwéf RpRR! BB onent s

of 1hhe preseRtTnksd Mielibh: BR0EINGminbE BmpdER WhicRiR 68 eftodiddnt it @RSboudsid @Rk tmand
significant abuse and inpact resistance in a prefabricated single piece

| ami nat e igthpsepstiveleheayniptapyss whand © sk srdearetrins®lam nated to 1 t) gypsum These
properties ar e(}p@@%}i\%{t ei’ tr\h t@o !aﬁmyﬂﬁﬁs%f ﬁ:\Qﬁmpa?t'ngtﬁ t%'mﬁﬂdu‘aﬂne&@?f fﬁH’%‘éﬁt%ﬂt i's

only about 518 I's not excessively heavy, Is easy to cut and is
qui ck anobyﬂamy:uit cbe baﬁsmpmrting inQrder tdifasititde Aelr angieiduelfinstaltegiont \ibe lageysenaf figey-eememiendof t he

prior ar ;%és?rp rglhere ore, aréal Iltgldd | %!N%lilnq ely E)atn%€ ?%fd?ﬁu r];n!lal?\%tat s@p%gﬁrgl The %emlg ?ohllmen{mSt be

Isglyfﬂr zugfof fthehﬂlsenlcgw;rmn hownesler, ugiyt;m thw fibdr hmerefaml’ @ psurd tagerd mmatmmncmehm@;eg}gcan t hey
can be | nlan(l)ngagecromgugterfc?rqnastawatl “Fhus Lf;”gF?r%n.'xdualn(‘ilayer;r 0 efnhg)rrcgr]:e%rarnf Cgiyp?u%brged not Q self-
supporting, and the thickness of the fiber-cement fayer, for instance, can be significantly reduced. This reduces the
overall thickness of the single piece laminate composite as compared to the two piece systems. As a result, one
embodiment of the prasent invention incorporates a 1/8” fiber-cement layer and a %" gypsum layer to create a single
20 piece laminate composite abaut 5/8” thick, that simultaneously achieves a one hour fire resistance rating and abuse

and impact resistance.

The embodiments illusirated and described above are provided merely as exampies 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 scope of the invention.
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15 of the present invention, however, conbi ne the fiber-cenment and gypsum

| ayers wua@2as8qar ef abri cat ed si nat e conpoXIT/ESHAr4si
installation. Thus, the indivi (rﬁm'n ;,Hﬂ QT’ ber-cenment and gypsum need
not be %Hlscf ﬁﬁﬂétl ng, and the thi ckne e fi ber-cenent |ayer, for

i nsta er——c-a'n%r’srgm ficantly reduced. This reduces the overall thickness
of the si ngl @. pi e(Aebunlduagmanaaalmnmmmm03| te as conpared to the two piece
systens. As a resu E r&h% dOdI ment of the present invention incorporates
a 118" fiber-cemef 'Ef?f% Y ;" gypsum |l ayer to create a single 21)

pi ece | am nate comgﬂ;sunt;ﬁneahﬁwn tEleﬁier cdnlahtGhest it Iadiiiated to bl dyRore P koyforaGhtingyes a
one hour fire resjistance rating and abuse i rems#ance The

[
erbodi ment s FIR9e(AEPE ORPPSita{iaving 8 Uie Fesipage ’é‘ﬂ'wfé" '5?%“"%%6’\?@8'@'&9% WEM3s exanpl es
of certain ppefer mpchuidRiRaeiang 0kis 10kheteRChd @S FEkk laiN}E Binhddifk: hal/AthicRIE oEhanges
and nodifications can be nade fromthe enbodi nents presented herein by
t hose skbopiSddnchn the art without departing fromthe spirit and scope of the
vent i on. o 4L VORRYRARRerk o i r i b bl ks & R0 27451
WHAT IS CLAIMED IS M ding material conprising er cement
sheet; and a4gypsﬁhﬁbpiumamat9"m%ﬁ4mhWH@Hﬁﬁ%wm w*rbﬁnﬁthghe%tﬂf doeyt féoei- nat ed to
e gypsum p nel t afire
05 S ence Tating By bl hRuBl A2 1 mrbhShSul SRS SRS 1 gAY A 2
bui | di ng;.tmntaetresmIlay@betmeaahmt15muvhmhﬁml mick.he single piece |am nat e corrp03| te
has a thi ckness of out 51 aim 2,
wherein the fiber &% %@H? AR CH'&‘S g}?"tmﬁL § f%rsc%med[fsg%b'(s)u{hmid k: ﬂ]er‘i@ﬁ”m D% The
bui | di ngyitheta@iebialof @fywr@laadtm 2 wherein the gypsum panel has a thickness of
about 1/2|nch 10 h? ?materl Claim1, wherein the
fi ber-cenent ‘sheet h‘ihg"d%'ﬂﬁé?”é'd I £ e tB"sStJ‘HLFB%?ﬁ'éT'"a”\/ﬁ”‘PWS”ﬁH el ve | ayer
bet ween aboutg, 4. 5 T tuildA§)Hatéiallst Elaic i hkrein fe sinkfa @ied2 Ubimin6te: Eghpd¥iad i€ prbsedd inOf sinfk @l m 1,
wherein the fiber-cement sheet is adhered to the gypsumpanel with an
adhesi ver sTkepeiyiedi acetate. 7. The building material of Claim1, wherein
the single pigece |ifdmh iy SnafeRiRPBlainer, 'vﬁlerﬁlplall R 6 SBithce af5m§smg1;hﬁecmhin§lh ng
material of Caiml, wherein the single piece |am nate conposite is pressed
in a si mevesite issealet withlogelmedstategbasad emuson orgolventihasedngdangi ng material of Claim 1,
wherein at | §gst qpey S GG Qf cfaﬂel %E}gA G RisE6R sbﬁa@a @faf:h(.95|ng¢eomeé)§htn§e' S
sealed with a polyneric water-based enul sion or sol vent-based seal ant. 10.
THe bui Iceipmie iarimad wigh a vsfer-i@ed prspitentbageepast.n at | east one surface of the
si ngl e piece,lam teis primed with a water-based or
sol vent - basedll pai nfbmlﬁr@%\ngaégng material, conprising: a fiber-cenent
| ayer; and a fiber-cement layer; and

a gypsum layer, wherein the gypsum layer is laminated to the fiber-cement layer to form a single
piece laminate composite.
25 12. The building material as recited in Claim 11, wherein the single piece laminate composite has a fire
resistance rating greater than that of either the fiber-cement layer or the gypsum tayer individually.

13. The building material as recited in Ctaim 11, wherein the single piece laminate composite has a

thickness of about 5/8 inch.

14, The building material as recited in Claim 13, wherein the fiber-cement layer has a thickness of
30 about 1/8 inch.
15. The building material as recited in Claim 13, wherein the gypsum layer has a thickness of about %
inch.
16. The building material as recited in Claim 11, wherein the fiber-cement layer is laminated to the

gypsum layer with an adhesive that is between about 4.5 mil and & mil thick.
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a gypsum | ayer, wherein the gy Mﬂu cuimn nated to the fiber-cenent
| ayer to fwargmaessesi ngle piece e 25 12. poeubenisiing
i t

material as recited in Caimi1l: whereif e single piece |lamnate

conposite has fir resistance rati reater than that of either the

fi ber-cement | igler gpe h[uﬁgg iAol lfﬁ{ef'té’\{/%?%mﬁ&i ‘@F’HBQF F‘V'[“e’ﬁ‘. BYPES B Hhickngss ﬁk":fp
materi al  aig hedbricadint ayerGldidtually khot sseh®ing. t he single piece |am nate
conposite has a_thickne of about 518 inch. 14. The building material as
recited in O aifn 134 '%ﬂ‘é‘féi preneriag 2 Pyl rmageriahdan gnstpliatag compsing Jaminting g fksseemet 30
about 118 dd ¢k gyphat palel@ ok dirdlle pite BRbRS chrtosit®S recited in Caim 13, wherein
the gypsum | ayer has a thickness of about 1/2 inch. 16. The buil ding

mat €¥i al as redft ed Thermethpdaf fieim 18, witielr ¢ Fhenchreentfljybydy lantnated: totthel gappey panebusing a

| am nat ed - m | ayer with an adhesive that is between about 4.5
m | and 69%\"{"?%53%9%2 WO 01/26894 111111111111111111111111111111

PCT/ USQQ 27451 2C L @helnethodldi ElaimuiB) whereig lamipdtiey thefiberasnentdayertt@dle gypsuflpaneinnciides
wherein the fikgefr-cemar]t Ita%er has g t hi cknﬂis% sg‘gh. that the fiber-cenent
layer i ndPETOLEY G eFeentayer (i Gyosur sty ¢ Prrsgee of atfast AT B8t hod for preparing a
buil ding material for installation conprising |amnating a fiber-cenent

| ayer to a gypsum panel to forma single piece |amnate conposite. 19. The
nmet hod of Claim 18, wherein the fiber-cenent layer is lamnated to the
gypsum panel using a polyvinyl acetate adhesive. 20. The nmethod of C aim
18, wherein lamnating the fiber-cenent |ayer to the gypsum panel includes
pressing the fiber-cenent |ayer to the gypsum panel at a pressure of at

| east 38 psi. -1 3
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