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FIELD OF THE I NVENTION 5 The present invention r MMH rei &ﬂ
building materials. In a particular aspect) the i ates to

met hods for the production of building materials rei rriﬁetﬁﬁfed W th synthetic
fiber that, under agitation, progressgively fibriIIates to produce buil ding

materials with enhanced performance properties. ect of the
present invention, there arc provided articles pr Wﬁ
above-described fiber reinforced materials. 10 BA HE | NVENTI ON

Concrete has the |argest production of all man made maf®€¥tals. Conpared
with other coustruction materials, it possesses many advantages i ncluding
| ow cost, general avai , adapgt abi ity and
utilization under diff FIRE Hrer of ore, concrete

wi || nost probably continue to be the dom nant constructlon material in the
foreseeabl e future. Unfortuna@ﬁ@%g Is also a brittle
material with very |low tensil@ streng and straln capacity, generally
requiring reinforcement before it can be used extensively as a construction
material. 20 The idea of usi ng another material to reinforce a lowtensile

strendt h mat erThel present mvagomrelptesda dilsre T&Ffﬂm@xbmﬁﬂé materialgy T@rﬁiPﬁBF‘ﬁ@hal r

B?:/gktsjeen use f%r ttilﬁomu% nds of dgrfﬁl‘e&lﬁﬁé ?‘&BEQ ZﬁrOBeE“ﬁS Oom
Conposi t g5 ?ﬁ%&f‘c"ﬁﬁ& ﬁ&Q'ﬁxﬁir%&tﬁg:&ePr&g??@vel RoAPii&, 6 GRDAuctCRiiRling | bers

25 have been orporated into a ange of “engineering materials

(i nehudi ngatedawith ephgriced pérfernaneroparties) dngyehemaspea dfithiepresent iamtndinge t he
perfor mance properties of the resulti ngb%vé osite. Anerican, Concrete

| nst i t ut chexerropravidedarggles prepared ey the cessihed Sber reindapoed mpspRlSduct i on
of fiers into concrete results in post-elastic property changes that range
fromsubtle to substantial, depend| ng upon a nunber of factors, including
30 matrix strength, fiber BA EUSIVENTIEON aspect ratlo) fiber
strength) fiber surface ., 2S5

Concrete has the largest production of all man made materials. Compared with other
construction materials, it possesses many advantages including low cost, general availability
15  of raw materials, adaptability and utilization under different environmental conditions,
Therefore, concrete will mast probably continue to be the dominant construction material in
the foreseeable foture. Unfortunately, plain concrete is also a brittle material with very low
tensile strength and strain capacity, generally requiring reinforcement before it can be used
extensively as a construction materjal.
20
The idea of using another material to reinforce a low tensile strength material is an
age-old concept. For example, straw and horsehair have been used for thousands of years to
improve the properties of clay bricks. Bentur, A., Mindess, S., “Fiber Reinforced
Cementitious Cornposites,” (Elsevier Applied Science, 1990). In more recent years, fibers
25  have been incorporated into a wide range of engineering materials (including ceramics,
plastics, cement, and gypsum products) to enhance the performance properties of the
resulting composite. American Concrete Instimte ACI 544.1R-96, ‘“Fiber Reinforced
Concrete,” 1996, Introduction of fibers into concrete results in post-clastic property
changes that range from subtle to substantial, depending upon a number of factors, including
30 matrix strength, fiber type, fiber modulus, fiber aspect matio, fiber strength, fiber surface



0 6 SEP 200Z bondi ng characteristics, fiber content, fiber orrentatprdgg‘gpm2
aggregate size effects) and the |ike. The enhanced properties incl

+tensile strength, conpressive strength, elastic nodulus, crack resistance)
crack control) durability) fatigue life, resistance to inpact and abrasion,
shri nkage, expansion) thermal characteristics, and fire resistance. |d.

Al t hough fiber reinforcenent is knowmn o be nore effective than
conventional reinforcenment in the control of local cracking unlike

| an0 beaPRipE Shaetessoas, eghnudel, SR8 rrERaih AREPEA fioh Alfioiren B ke
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are not el rd &tﬁ@él&@craaonh%tadmw tfatipRe (I reqétu@iat fooiRdact &idndlahsienrent .

Al t hough not currently addressed by ACl Committee 318, fibers are sonetines
used in shrinksge,expanaiop) themmal chasacténstics, and &m fegistamcer dd.nf or cement . Aneri can
Concrete Institute, ACT 318 Building Code Requirenents for Reinforced
Concrete, 1995. The practice of adding steel fibers to concrete to over comne

11s drawbacksm&%rgﬁocr PlifRAERE RAkhdwh Mo tHY SR Bl Bl Wein 484 _and

1935 several paten pertaining to steel fiber reinforce ncrete (SFRC)

wer e gr afdisfdrceiient inethg contidl of idcabetaglade,)urlite peinfofdnhdrs,No dodibtdt Samost
Scaillcs, J.C,, French Patent No. 514.186; Martin, G C, US Patent No.
1, 633, 2l gasesarmorzr@ncm crg@t)asrr iin  the)Joah thearingusaparity 1f, ganeretess eConvegtinsl

f| bers in, ncr te was St att t he USSR i n.fhe Iateh&QEn;g
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attenpts at using synthétic fibers

pol ypr opylsahstitutméoe convkatibm! trhinforedbfient. Malthaugh, no@dﬁn)mﬂﬁaddiwwdvtgf Akl ber
Rei nf orced 25 Port gd Cenment Paste) l\/brtar and Concrete; I?e
tabs) Vofompgttea\gl8,3fibegs sre Sqrgegnesp edzg. wtestﬂoqrehﬁmes wmprcag‘fqnemm br ous

Resoar ch Faﬂpnerﬁbﬁ’%ﬂ GRS msicJeC I s BGG Ry MMIBle? A

SEP ZOszf&cw’te@n@éteeigg]’sl bers f| rst were used, only straight steel fibers
were enpl oyed. The use of steel fibers resulted in inproved characteristics
far dfctility and fracture toughness fl exural strength increases were al so

reported, For tra the factos tht contr.oll ed
the properti e g?’fﬁﬁ%& rmt;ﬂ?i M53%i 35‘5’ as first

| engt h/ dhﬁfﬁﬁﬁ&ﬁ)eaﬂir ﬁ%ﬁ?E&m&?t 'BQthhfcntl@QOfah@%ﬁ sevE@l SO Brer%mﬁg Restsetr anged
from90 to 120 kg/nB8 (I.l to L5% by vol une) of concrete. The aspect ratios

were in fiber mmﬁqeabtomctcdsm WEtregrnjedr  Jreobl e Rdcishgolu it cGemnannPatty ear |y

Fracti onde 9?%é$%cMerobﬁ‘dyﬂfsﬂt§t%ﬂ%§“ ol i GRS Mo,
T SR5) (ERa2E AR, P, UOPatl RECHEI LTG0 R SRR B RoprbR? -
hi gher fluhelﬁrswﬂwtﬁpteﬂfiﬁﬂicIUSSRmthe late 1950s. Biryukovich, K.L., and Yu, D.L., “Glass
Fiber Reinforced Cement" (translated by G.L. Cairns, CERA Translation, No.12, Civil
Eng. Res. Assoc., London, 1965). Initial attempts at using synthetic fibers (nylon,
polypropylene) were made in the 1960s. Monfore, G.E,, “A review of Fiber Reinforced
25 DPortland Cement Paste, Mortar and Concrete,” J. Res, Dev. Labs, Vol. 10, No. 3, Sept.
1968, pp. 36-42; Goldfein, S., “Plastic Fibrous Reinforcernent for Portland Cement,”
Technical Report No. 1757-TR, U.S. Army Research Development Laboratories, Fort

Belvoir, Oct. 1963, pp. 1-16.




 Furthernore) there was always a reduction in workability of the conaiggﬁ ﬂﬁ
a result of the addition of fibers. The advent of deforned steel fi F !
the late 1970's resulted in increased use of 15 fiber reinforced concrete
in the field. Ranmal ai shnan established that fibers with hooked ends can be
used at nuch | ower volune Fractions than straight steel fibers, producing
the smte results in teens of product ductility and toughness.

Ranmal ai shnan, V.) Brandshaug) T.) Coyle, WV., and Schradcr, E K ., "A
Conpar ative Eval uation of Concrete Reinforced with Straight Steel Fibets

and Deformed End Fi bers d ued Together 3 n Bundles,” ACI 20 Journal, Vol

77) No.3, May-.lone 1980) pp. 135-143. These fibers were gl ued together at

the edges with C te,
the fibers had%gﬁﬁﬁ%ﬁgﬁz gjﬁﬁg‘}sg%tc"wa%%%& yrg‘g\t/ﬁubgg%? B‘%Bh%gdxi ﬁgfc‘gﬁ%he

fibers wefetds et feultsddindimpeved ehasctérditesy fitURlctiliP 8idS FadtiR Buphids;and
subsequent dispersal, in conbination with a | ower volunme fraction of

fibers, risxutal stedgth ipcrepsesiwest alsp meportody  56r $maight swpel fibers the primanytfectonsf

ot her 25 fiber s eg such as cri.nped, paddl ed, ang enl arged_.cads were al so
devel opedt}mTﬁgn%ﬁ*ﬁSE% p&;}ﬁ%}qst &L BepSPPPRHe FM5Es n¥ P%Edf‘%q‘ﬂf‘r nd)

publ i gheq,. Opor I Lr i anif 1 t hC

fi beré i %dg(%l@?% %ﬁ\/\gg&éﬁé&{& ﬂéfl %gﬁb&%yq%ﬁgh’g%sd tﬁ?[%/s %(ﬁ)geggﬁ%[@glgntgﬁ?gecr S
Resear ch kg’ Deved 0150EbY voRedd) off corigis.] The aGRocihEbe vl it irngb @f 40110544, | R

96, "Fiber Reinforced Concrete,” 1996. Synthetic nonofilament = 0 6 SEP
2002 4 fl0BerEhevmaior preblerny encopntereduint the sartyt stepessweneadiffichlinin ouniog end
struyctures., The fibers used were 13 tg 25 mm long and had, an ect. ratio
of " Hothedtriiy: A dheher Yol frisiops. ey WEeuioRre o Rel AP hRE BEFIERES | ber s
bei Ng uSghdels. CORME bfcBssAbaliel Bhilinl Wias Mlikd ol drESERddubMlyS fof longRS AbQYN s hat
addi ti on?Jratees of Bp to 0. 5% by \g'ol Sme of the coérggret)z restted in

si gnilli casaids $o iaffectalasqumlitynofiesticretd inyplaoedespenialyt for iphst filver erohifiecfractions
however, very little co rcial exploitation, of fiber reinforcenment f

t echnol oY THATAITE, \RES VRSt WS4 redpdiondn avoskabity of thefonciels & afeet ebWent and
use of sw? i phers in concrete started to take place. This work was
predom nan ﬁghggrﬁﬁe’&gm th much 10 | ower denier fibers (i.e. small dianeter
fibers with high aspect ratios) at lower fiber addition rates. Mrgan,

D.R, and Rich) L., "H gh Volume Synthetic Fiber Reinforced Shotcrete," The
First |nternat vertooff defaymned stas! Bbers e thedatri 1990's Requlted ke ingre@gndcisetad,

col | Aveu S0 BRRRFee SRty Bt P eh PR AEb g HRAIRES oD B P e
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benefits of the fibers arc for plastic shrinkage crack control

provi si orsam:(;gmmin gmfx:ew@tpmduot é?qﬁgtmmdl tanghness t Ramalgisbam,; Zs/asBx)anqh:rhengazt
e il . .
o5t o andhe CoVo Ve amthSEBBErs el A GoRAHE BreliBos o5 CRREtY eRPEed a
h | .l I : I h h
such | owgipp &m@h%ﬁé&% ggi:ﬁih%ﬁgi‘g’ 3d Pdd ﬁ?&g ulf 'I?w%%tﬁ HBInfLON ARy these

| ow fi ber addit er count (nunber o Ibers In aunit 20

vol urpg ofjonimal,i Wl 77 NEDAMh]-IneSLI803ge 165UAS AThes BerOivedel gleddstopethertati t
volume of matrix) is very high. Consequently, it is currently ver){md
di ffi cul tthe edgast wishiwater isplublorgivesushrtbatewhemnadded to the concrete, the fibers had a

much lower (apparent) aspect ratio. During mixing, the fibers were separated and dispersed

as individual fibers. The gluing and subsequent dispersal, in combination with a lower
volume fraction of fibers, resulted in virtual elimination of balling. Later, a number of other
25  fiber shapes such as crimped, paddled, and enlarged ends were also developed.

The ACT 544 Committee Report on Fiber Reinforced Concrete, published in 1996,

reports that the first significant use of synthetic fibers in concrete was done in 1965, by the

US Ammy Corps of Engincers Research and Development Section. American Concrete

30 Institute ACI 544.1R-96, “Fiber Reinforced Concrete,” 1996. Synthetic monofilament



0.4% by vol une of conventional fibrillatino polypropylene fibers ij%§E€2®2
maki ng significant changes to the concrete m xture design, As a result) the
majority of synthetic fibers used today are incorporated in concrete at
very low fiber addition rates to sinply 25 control plastic shrinkage. Wth
t he emergence of new areas of application, research interest has noved to
hi gher fiber contents where toughness index and other factors are design
consi derations. Toughness index is an indication of the | oad-carrying
capabilities of the fibers within the 30 concrete matrix after first crack.
As previously mentioned, cast-in-place concrete wll 0 6 SEP 2002 5
accommodate up to 0.4% by volune of syn#hetic fibers with mniml mx
proportion adjustnments. 'Wt mx shotcrete with fibers added at a rate of

Vol ues. " EPER el Tor tohan Bl b skl CHACRAR Syl T HAIBRER il e
Conpar at i Y& (53 HAl IS 288 hRl ahNspReIntiy OPBERREn F0HORIC L. eS"gQ@tgctﬁ‘ herd and

Wre Mesh Reinforced Shotcrete," Transportation Resear ch
W a' shi ngtlifferéat Gom tBesteel Bigds bﬁn@asedl mmgnmami that bieme. cCOHth theseafibeonit was

i nportant _fact t thlsf ber In s bon rade applications) the
use of cof‘?‘ﬁ‘(‘ atfaﬂgippm%a BBI‘?/@%%@ iolms g ea‘f'° ?WE‘EH‘ gignifican; py
vol uneg ﬁii@# ‘%ﬁh &(ﬂ%é&g fatigue strength. Anerican Concrete
I nstl tute ﬁ%h E})’%%dflﬁ:h %er el nforced Concrete," 1996. 10 A few years
ago, a new nonofilancnt, golyolefin fiber, with a unique dispensing system

vvas devel oped, which has now been used at fiber addition rates in the 1.0
5\2% by vol These reugsgdopverery yeiye Bttlgpcaramergia] j exploitgtiom tafr fibdrarsinferecment
con

Cead in zt”q%gmjégeyoq%ﬁaf AN U e @ém i wsa oF SYHF ace
concrete |16 XbAES stfred -to ftalle n%lQ@eOt moasakesvss g oty a(;déx@qguﬂ?ﬁ!éh

overlays) I tetoppl ng, etc. | ori shnan,
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resi st ancplaiad, USAgharsasy 16, lsm commemrmmqwbﬁﬁe@m&ﬁu&m@ntﬂm

i ncreased and are much nore conparable to val ues achieved with steel fiber
r ei nf or cegolypropyletegheraat hl G 8.2t% by. volume adiition G&Skgﬂ tesg lgweydbenvialiome on by

pol yorss ?ﬁ%ﬁe&a"m e e g e e T

woul d neV?fov’iéﬂ&I of Fdd gfh {hatrmase amlc&&s@rgbeen(da&e pgécaﬁ%akfe ﬁo&ﬁé@ﬁr at
Synthe

hi gh addition rates), tic Industries has just rel eased a new pol ymer
fiber for Euhmccmatteofathhhwamd)mpaﬂmmef aivb resistariceetd  long Sempirggrained

Per:f gr man e ( ufac s a,coarse,.filanmen an
engi-heer e ‘B?‘t#qa -3 ?Lbc{ ﬁ%tvﬂhgﬁ 55588’&6%‘% i éﬁ”%&‘g Pg)
1998. The juam E&ead&!i r é,q?ﬁq &P?d\ i bers
in the shot cret eb@cﬁw&g}l&{ [ﬁb e&?otgtrcgzgggg of t hé I ;églrwgbﬁgv\lﬁsg%?ﬁt 0 be
bl end@gl awolume of matrix) and specific surface (surface area of fibers per unit volume of matrix) is

very high. Consequently, it is currently very difficult to introduce in concrete more than

0.4% by volume of conventional fibrillating polypropylene fibers without making

significant changes to the concrete mixture design, As a result, the majority of synthetic

-

fibers used today are incorporated in concrete at very low fiber addition rates to simply
25  control plastic shrinkage.

With the emergence of new areas of application, research interest has moved to
higher fiber contents where toughness index and other factors are design considerations.
Toughness index is an indication of the load-carrying capabilities of the fibers within the

30 conpcrete matrix after first crack. As previously mentioned, cast-in-place concrete will



06 SEP 20Q2 6 much higher rate per unit volunme than conventi onal piBb\%ErPsz,UﬂZ
t hereby giving the shotcreted application enhanced structural perfornmance.

,'‘Polyolefin fiber is) however, of limted utility because it is a

nonofilament fiber that 5 will remain in its original formafter mxing. It
has a relatively | ow surface area and hence has correspondi ngly poor
bondi ng characteristics. Therefor, one nust introduce a relatively |arge
percent by volume (1.5% and higher) in order to achieve beneficial results.
Addition of fibers to concrete will generally result in loss of slunp and
handl i ng 10 characteristics of the mxture. This loss is magnified as the
aspect ratio (length/ dianeter) of the ¥iber or the addition rata of fibers
i ncreases. For conventionally m xed fiber reinforced concrete) high aspect
ratio fi bedconmicdateoue tei0{486 thyv eolinne i ofiyntheti) fibess witht mirdifls! pex freoportios
because of their high resjistance to pullout iron the matrix. A detrinental

ef f ect of adjustmgnthi GFet sy shetcrete vith ﬁbcgé?@d 3t g Fate pbtumto 7 5% by velums will of
the fib dusi ng. nixing. 1S tic fib dod

1br 11 at Bipviey Bier | ofifkss. 5, Wehec OIS, vl 0 Mottas o8¢ Wiy, N
very hi ghrsgaiRGE Bwe adndFellefie RC | i'h@&nﬁ%ciEva&ﬁfﬁ'tﬂbncﬂffﬁlﬁiﬁ,umlxﬁxggﬁ%e@uce a

wor kabl e concreté m xture at higher fiber addition rates than

vol umej WFibers, Steeldilsdirsyqud dViee MegloREiafurd¢eadtiShotomete.f' iTrauspbaitidnResparciBoarsl, | :
or this reason, synthetic 20 fjbers are nmpstl sed.at 0.1 % by vol une
fiber ad dWﬂSB‘ﬁgﬁi’a%ééz' ?é’h d9§$-c Fahes L@M Ir@’cf Sgnﬁj%a%%f? dmpegtant FaciorR 2he
cracking jn. c r Thus) fBQ ‘% iﬁ ' .3 ne Ln.t 0¥ f:4

rei pt orcegﬁ%oﬁ%re&éﬁ?&r nuliﬁaftsl oné1 at decrla%gnr?é @%ek“g? sggv%?ll%%é_egb{% %([j
aboke),  Whiphigpibilishe Ftc At QinficBONFIGREI% By veliire Hsd RneitidalRpintARsHI e fatgue
characteristics. Mre particularly it would be desirable to be able to
enpl oy fi seengtt AznerigaeConraete Instifiess4CE 841 R-P6.c Tileer Reeiinforegd Sloderetary’ 1996+ ef or
be added at hi gher volune f=actions. H gher volume fraction grill result in
i ncred@ed reinforci ng characteristics) previously unattainable with
fiber-reinforc dE%u!? ' 86/ indhofditadht A5l Hber, witPa Gnrfab BPeesingRI EF
DESCRI PTI ON G:%r{% %%E%f ON The por esentt'ali%ngﬁﬁﬁ on é&’gr egses trﬁ%{B m?
above- des systdie,dvasa@eddoped, hizhdms nixy bpemowsediah fibér ddditioneratels an thedl. O to 2.0Mng

materials, such as copncrete, having. i nproved perfornance pr o tjes, such
“as reducely YR -F-nvé}&é,uprtedt}%wmq@wﬁﬁp ﬁaavg@,twm?}weegg{ﬂ%d

resi stanc ' ti L2 ted ' Bﬂﬂﬁ% nsi on
and cont rggwf(?%pﬂ%{ﬁe%ku@ tlglgéﬁr?#e%gbl ngegﬁf%pmglg?/gg wor é%c{r%'ﬂ%@gﬂﬁgﬁc& i ng,
and the | olter chedbueplads Borcpitd applivations) ielgdifllpdeph eohereteapvenican aridge Heckisi ng

fibrous material having defined initial properties and the specific ability

to fibril PYeaysewhitetPPRIngn elsubRamkrishnag, Vac raad sMacBentldc £-Nr.e 20vEbINLY
m xing. T%%al'ugﬁc}rf %‘led lP%%orsnlzszcg RKishried o?fhgjegtg Oti?mﬁ&%ﬁhn Fiber Reinforced
h_) Concrete," ACI British Columbia Chapter, High Pexformance Concrete Seminar, Vancouver
BC, April 1997, p. 15. The fibers used range in length from 25 to 50mm and have aspect

20 ratios in the tange of 66 to 80. At these much higher fiber addition rates, ductility, impact
resistance and toughness in the concrete composites are substantially increased and are

much more comparable to values achieved with steel fiber reinforced concretes, with 0.5 to

0.7 % (40 ta 55 kg/m’ ) fiber addiion by volume. Apart from demonstrating excellent

reinforcing characteristics the polyolefin fiber has the advantage over its steel counterpart in

25  that it would never rust Following the same philosophy (use of polymeric fiber at high
addition rates), Synthetic Industries has just released a new polymer fiber for shotcrete

applications. The new fiber, called S-152 High Performance Polymer (HPP), is
manufactured as a coarse filament with an engineered contoured profile. Synthetic

Industries, product literature, 1998. The wave-like shape of the fibers is designed 10 anchor

30 the fibers n the shotcrete. Additionally, the coarseness of the fiber allows it to be blended at



contenpl ated for use according to the invention allows the 15 addi[}(ﬁ %P %ﬂfﬂ a
relatively high fiber content w thout maki ng any changes to the concrete

. mxture design or using any tine rel ease bonding agent to avoid balling of
the fibers. The ability of fibrous material enployed herein to undergo
progressive fibrillation enables one to achieve a uniform 20 distribution
of fibers throughout the concrete mx in the early stages of mxing, while

the fibers are still relatively intact. - 0 6 SEP_2Q)2 s Subsequently,
when the fibers start to fibrillate, they do not, at that stage, tend to
ball. since they have already been well dispersed in the concrete m x. Mre

specifically, the present invention provides a 5 building product

formul ati on conprising a m xture conta?ning inorgani c binding agent and in
the range of about 0.1 up to about 3.0 percent by volune of a fibrous

mat er i al muekhbighemrateapeat Unibvalumenthtre comventichat Gibpes t@rebf giving tet shotoretsd n
nonofi | aments, and, wherein sajd fibrous nmaterial 10 is characterized by
havi ng: pplicationieghanced ptrecturg) pasfognarcgch monofi | anent of the fi brous
material of no greater than about 200nm2; wherein said fibrous materi al
undergoes progressive fibrillation under agitation of said fornulation,

resul ting in dglydieah AB&S8IRDWeVeS UE fidRel M8 belalsOR if 4 B H?ﬁaxﬂ@ﬂt%ﬂc?{hat The
present invention also provides a Portland cenent-base orrmul ati on
conpri siwij remainl iarits crtgmal fommdftermmixing. lbage wiativelyubw@ufacemréacarddente 3. 0
percent by vol une .of a fiproys terial, 20 wherein said fjbrous materi al
i s conpd¥e8oBIsPendipslyopt g%ﬁg Gristiche Hi%;r%fwa opp BV, iradyre a relay
mat.etri aly,| ' ERG gt of each
rorio | AHEE PERPLCHYVRIAEH S0, ARG i ot Yol aelevE BhaeR BRAR, ) o0me: 25

wherein said fibrous material undergoes progressive fibrillation under
agitation of said fornulation, resulting in an increase in surface area of
the fibrous nhddtomf fbees torennerste will generadly bt iplosy pfldemp andtbrmdliigyr t he

prodycti gn_of .a.Portland cenent-based farnul ation, saj.d.nmethod 0,6 SEP
ZOOZHg C%HBF{eE?t?‘F_ﬁ of ﬂﬁ‘nfrﬁnﬁﬂ? l?siﬁﬁ’éla@"f"ﬁgag;ﬁii’e 6?%"'&3‘!’? g%@&ﬂa‘%ﬂﬁ) BEr cent
by vol unige GbecforithOhiiSod BkESf HpedsAndedR. ERRAnCEIRANRAR KL FORIRBIfb LA,
wherein said fibrous material is conposed of 5 synthétic resin
nmonof i | eneserets, bigh agprot Bitin fhersiart moreeffecting by imypiroving the post-peak performance

because of their high resistance to pullout from the matrix. A dctrimental effect of using

high aspect ratio fibers is the potential for balling of the fibers during mixing.

15
Most synthetic fibers used today are fibrillated fibers having very high surface areas

and aspect ratios. The very high surface areas of these fibers make it very difficult to
produce a workable concrete mixture at higher fiber addition rates than 0.5% by volume,
without causing severe workability and fiber balling problems. For this reason, synthetic
20 fibers are mostly used at 0.1% by volume fiber addition rates, and arc added mostly for the

control of shrinkage cracking in concrete,

Thus, there is still a need in the art for fiber reinforced concrete formulations that

overcome the disadvantages noted above, while still maintaining superior shrinkage and

25  handling characteristics. More particularly it would be desirable to be able to employ fiber

of a type that is less sensitive to balling and can therefor be added at higher volume

fractions. Higher volume fractions will result in increased reinforcing characteristics,
previously unattainable with fiber-reinforced building materials such as concrete,



s characterized by having: an initial surface area of each nonofi |(agrepR 200f
the fibrous material of no greater than about 200m®2; wherein said fibrous
mat eri al undergoes progressive 10 fibrillation under agitation of said
formulation, resulting in an increase in surface area of the fibrous
material. The present invention also provides a nethod of producing a

bui | di ng product formul ation, said nmethod conprising: 15 (a) adding in the
range of about 0.1 up to BHERR DESCRIGTION OFr At INVENTION ous material to
an inorganic binding agent, - wherein said fibrous material is conposed of
synthetic resin nonofilanments and wherein said fibrous terial 20 is
characteri zed by haviHy: P SHi t‘irﬁﬁe”st&tolr’a@é%ireééeéf tg‘ﬁcﬁ‘ Fories&rehe dof
the fibrouse.smd efd alndfamo WF §alridikan rabRyt 290FBRecbluddidialy ng the
resulting conbination to cause progressive fibrillation resulting in an

i ncrease imatéwri@bs sw@dcit amreanafe tiehe haivilingu § mperpeeida lpe rflogmanesent

i nvention al so provides .,an artigle comprising,.a.reinforced Portl.and
cenent - as%ff’?%’?'?ﬁﬁ'sétsf%cnr} Shi'd Cf‘b‘}%?ﬁpg%%ﬁ%%ﬁf&?%ﬁﬁgri & SRS SFaigd 89 about
0.1 up to sheirkayd, Vidhpre qeriand refsiathinkequs mpebekdalfatiqued 16 £8 ,E P

2002 10 wherein said fibrous material is conposed of synthetic resin
nonof i | ameHIRTARE W &3 4R RGR T i BT Imge@aingii ons a@ia CRRt&RICkd®@hy havi ng:

an initial j n fub fi by i al_ of
n0 great or AT Sea IO WHor G A B e el ar, RReTREey Bndhe
progressi viehé i bikd | atirorenunider mgirtfatrosad duidaiicgl oatreldtilorrer xeipairag i n
an increase jn surface area of the fibrous material. 10 The present

nvery Fon LR pr AR Bt B N QAR GPL638 11 RERPERCL ARG i oduct
for'mul ati ophe COPEY i S NGISHINNLHS Fi@HiN 1BRROHelsATRALS aC RubAiaRg 130 1y
initial surface area of no greater than about 200m®, wherein the fibrous
mat eri al ubeeFeREed prugrassianed iURan IMdesie -under agitation 15 resulting in
an increase in surface area. BRI EF DESCRI PTION OF THE FI GURE Figure 1
graphically illustrages {0e fdexu.als HoUgness CUFVe ;e s HRkeighe”
formul ati on containing 1. 5%1by vol unme of nonofilament fibers having

per f or mancedpthersp ket e@ f gor opey taE@E@E rde sor ithed ihgentsen altllarsprthet | ce of

the present . invention. DETAI LED .DESCRIL PTI, OF THE | NVENTI ON | n,accor dance
L L R S et b Sl A s T O e
fornmul at i oNSaEQEPri St acdhatelde mixture design or using any time

release bonding agent to avoid balling of the fibers. The
ability of fibrous material employed herein to undergo
progressive fibrillation enables one to achieve a uniform

20 distribution of fibers throughout the concrete mix in the early

) stages of mixing, while the fibers are still relatively intact.



25 cont ai ni ng i norgani ¢ binding agent and in the range of about 0.1 QJQ)SE%ZUUZ
about 3.0 percent by volune of a fibrous material, wherein said fibrous
,material is characterized by having: (a) a lowinitial aspect ratio, 06
SEP 20D2 |l (b) an initial surface area of no greater than about 200n2;
wherein said fibrous material is capgbl e of, and undergoes, progressive
fibrillation under agitation of said®5 fornmulation, resulting in an average
increase in surface area of at |east about 20 percent, preferably at | east
about 50 percent. Also provided herein are nmethods of producing the

above- d&bﬂmrﬂmy,dM‘garprid'cmcﬁlhémmtaaﬁfortcail\mlll%twtttmLesdQ:cmpﬁu si ng

of oo B SRR ISR SR (T o TR | A AR ey s

Portlanchi%gecb@eetgé)réaﬁ@géwsnmd articles produced ther efrom such as
concrete, shotcrete, bricks, nortar, plaster) white-top, synthetic

conposi tes, carbon-based 15 conp05|tes and the like. In a preferred

enbodi nent of the MQ%rﬁl?Qﬁilf%c%lhbr e PRasRiH -EeRE IR REKides ia

concret r ﬁ{;\?] oNe {Sufr hed
rock)gaﬁaﬁ?’;ﬁ;{d{gsiﬂ%ésﬁeu%) f+< In t e ar&% can éreagﬂﬁt@fdgntl &[;]'ﬁ:

i nor ganiindxgqehing bimidingl sgent tabd eid cdtheismnge tdie mmlﬁel aip tt® present
inventio d herein, the ferm"Ln ic binding npterials", refers to
pr edoni r‘?g?ﬁ'ﬁj 'ﬁ‘o(ﬁ PRETHNh RYnTS W?lgmjf.‘ra %a%%ust H‘éaftes’g’rgg' to hol d toget her
the various solid constituents of an aggregate. Exanples, of materials 25

contenpl ated for usigeheiRi Saidctilsieol®rateaei LEnENt codhpysedt eco, plaster
of fe)rl s) and the |like Such materials, including those currently
Vabl &yratrhe 1o ske 2w dRopefi 1 amemes f apdireheBe ih cIat dnblaFeds f‘B?t%lgbai- n

conpp 'tiQ”éhQ#‘Q% LBLhods Q{,I a?fuﬁgesent i nvention. 0 6 SEP 2002 12 As

used erein rous nate fers to a synthetic nonofilament tending
to break up by progressive splitting of the fibers) typically fromthe ends
of the fibers inmaadsinitéa; sarﬁac9|area)ofuﬁa@h mppeéphraeatcofidtheons,

|0 2 PLALBLLLY: 0, atLouS ! GROLDLLLANEALS. HHLQN SHbhat enOth L0

m Croscopl ca eac Cross-sectiohal area and

wherein said fibrous material undergoes progressive
fibrillation under agitation of said formulation, resulting in

15 an increase in surface area of the fibrous material.

The present invention also provides a Portland
cement-based formulation comprising Portland cement and in the
{?) range of about 0.1 up to about 3.0 percent by volume of a

fibrous material,

20 wherein said fibrous material is composed of
synthetic resin monofilaments and wherein said fibrous material

is characterized by having:

an initial surface area of each monofilament of the

fibrous material of no greater than about 200mm?;

25 wherein said fibrous material undergoes progressive
fibrillation under agitation of said formulation, resulting in

an increase in surface area of the fibrous material.

The present invention also provides a method for the

production of a Portland cement-based formulation, said method



5 higher aspect ratio than the original nonofilanment. It is, of courgéﬁEpzmz
recogni zed by those of skill in the art that the fibrous material nmay not

-conmpletely split or break apart, but may remain one unit conposed of a

plurality of fibrils (i.e., may be partially fibrillated in one aspect of
the present invention, a population of |ong) short, attached and detached
fibrils nmay be expected under the appropriate conditions. Conditions
suitable for generating the 10 fully and partially fibrillated fibers

i nclude agitation) m xing) vibrating) spraying, and the |ike. The resulting
vari ety cbfipkhRehgs héﬁiﬁ?d iasenet réﬁﬁé0§f OofbdhHrd | 1 aigdedi Deset Wl b
contribute to a range of enhanced characteristics such as workability)

t oughnepereratr byi yoanme o6 ehfihrass. mateqhel fidrauRonbtandatementenpl at ed
for use_herein tvpically has such desirable perfornmance properties as
resiIiehéé?gtgﬁg¥552239éﬁgth, t oughness, resistance to changes in pH and
resi stance to noisture) sufficient to render such materials useful for

rei nforcing buil dwherpiadsetdf dibrbati nasenbdkristandpsdedoads and
conditions. In a specific enhodi nent, fibrous paterial contenplated for use
hereifn BYPESRFACs &GS fnpap)fliﬁrﬂﬁf}&a 3pdatbPBFiRnBRISBIPFRRF BALPEREL. | n
anotheyigsE%%& At 1S R B3R viiRYeNtion the initial cross sectional

di mensi ons o fhe original synthétic nonofi hnmerlt are about |.Ilnxn X
0.37mm rn accordance with anot her specific aspect of the invention,
fibrillated or pamn dioiyigilbsiudfacedarebr ofiseaahenbabftbapensesfathiene

net wor k ruct ure . of .fi.bers of het i | epd. As used herein)
theﬂ;))hrfs%%’mﬁﬁ \ﬁ?rtl?rsharluc?tfafleq' g%&%%%ﬁ:nghkg Bﬁéxggéﬁgfmuéage of the term 25
i.& )Jthe fibrillated and partially-fibrillated fibers forma relatively

di sordered nmesh owheareglrecaiet -flilkkeust mackeuiel BWhdemgdiesi piroYfressiveas
users in the phrase "fine network stricture", denqtes the inherently snal
nat Ut GRRHGREARY IERARE (38 {HRFGTY & o P aifle TPEBUAETA08e: MBS HTaMd 1H1Y or
use in id}eHd Uk SOt e abaihate fibdosSmatRrd@d2 13 Exanpl es of
sui tabl e synthetic polynmer blends contenplated for use lierein include

pol ymer bl ends ofﬁgolypropylene and pol'yet hyl ene., Preferably) the

pol yet hyl enel pol ypFRpVREREEHF cHIVEHPY Y Sd- S AHAY 1SS ahAREhednefs of about
7.5 gra | £ 1SS 1 § ESagk@VEd dpladRRUl i ratdhfy stretch

el ongat %&cg‘%cgf%af l|m;rll th]g%rtaélge of 5 abouta 16% up tlo about 18% In this

pr ef er r ecorapbbsiiment , the pol yner blend is conprised of in the range of
about 70 up to about 90% pol ypropyl ene resin having a nelt flowrate in the

rangeg of about 1.2 t t; 0, i{fi Vi N, the
ranggfJ of about O. 8éggp ?%&gﬁgu%éo%% Ié%%bnﬁsp%%%?ﬁ%rl c‘?rr%ﬁeén%g%# %h@
pr esent | yopueéeperedepbl 9fiea- Bikbndus smaherirl rame@n ofnebyanid timdingabout
30% hi gh_density 10 polyethylene resin with a nelt flowrate of in the
range ofaﬁﬁﬁgf 0.6 up to about 1.1 g/10 nin and a specific gravity. of in
t he Iange of about D.94 up to about 0,969/ cnB. In a preferred aspect of
t he-1 nvention, thewhekeaussastiwitkbroassnaterbdlt he abmapesdasefi bed

pol yet hyl enef pol ypnpyl cne pol yner bl end exc]usiyely and_is not held |,
P o0et hoy SERChg i PRSI ROROEIENsgEn, NEARPEaLY FRbu: SLBFORRI BaEppaaks

made sgnder Eg%f@@ggfygeg5gyngwghgqlT"'" and arc available in rape form
fromEast Coast Rope );td., of Sydney) Nova

an initial surface area of each monofilament of the

fibrous material of no greater than about 200mm?;

(p) agitating the resulting combination to cause
progressive fibrillation resulting in an increase in the

25 surface area of the fibrous material.

The present invention also provides an article
comprising a reinforced Portland cement-based formulation, said
formulation containing in the range of about 0.1 up to about

3.0 volume percent of a fibrous material,
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' Scotia, Canada Fibers contenplated for use in accordance with invention ,
cqonposi tions and met hods may be produced by any nethod known in the art. In

~. one aspect of the present invention) 20 fibers contenplated for use in the

practice of the invention are manufactured by individually extruding a
filament which is subsequently queg%ped and then stretched in a stretching
oven. The filanent is then reheated I an annealing oven to relax the
filament and lock in the "nenory" of the filament. The filanent may then be
enbossed to create flexibility and enhance grip ability of the filanment.
Finally) the fil ammdresn csaid of thmowspewtfarich125 sl engiplose@p@f cati on
dependent si.ng, for, exanpl a rotator utti.ng wheel .. O course, as
Fond |y BB o 3L AP 1L TS 47 HSRaTT SG ERRONR BERATRS f or
produci ngs faiberSct®et 1dg Bhendy . specifications set forth herein may al so
be enpl oyed. As enpl oyed herein, ™aspect ratio" nmeans the length of a fiber
divided by the 30 dianeter of a cylindrical fiber having a simlar
cross-sectional ara@. inktizkoryeiree i1en tafe cadh GopoEip et lof grhesent
inverdi on,,the fi .t epi | QwjH tizal aspect ratio.

Sui t abl eﬁaés%%%% "E% %j%;sgga% brgé r%%%?%leﬁ:e@?rﬁ%r?g% bjyorblt S§e of skill in the
art. Typically, the initial aspect ratio will fall in the range of about 30
up to about 80. Aswhéréimesabddfilyrounsanstenihlbyhdshasrladfgada || in the art
any value in the, above-descri pbed range may be enployed in the 5 practice of

) b
the presRFRITRIRHYP ohiDELHEREH Y WRETheA Fhrt QN AT A BRTBH 3 19Mwent i on
composi tLong e1fig LA spdeovesle e destasd ropast Wilespiplodgventi on
coppositions, and the like. For exanple, 1n one aspect of the Invention)
whien) pr epaténgaiornul ati ons useful for punped concrete (eg. "shotcrete'),
the initial aspect ratio should be at the |ower end of the range, typically
pe apgut S50. In anahpep aspge!l RbehBehMNELL! Bhoviliel Prempisng 10
formulati ons usefu or poured or cast in place concrete (such as sl abs)
t he ini tmateaspécforatise $hoal dubddangt heotligheformdlafiohe camgeising -
typically be about 70, As readily recognized by those, of skill ip the art,
20 G+ SHBERBRSE! BERLroRGPReLhPEoBER FAFR PaTIREcaR nithEiplabiFERSS | he
present LB¥ANLIFORG Avewitklr BBaundBbatoedohy?t haserdiin ¥hskiidrdws the art)
the length of fibers to be enployed in the practice of the present
i nvent i oR2fRFialapogssoRd BE OR SERe YBaftPEdl ARt ioR nunAeFoRIAFAFAGRNL i On
Co”p‘i%!t':ggﬁht%‘g i %]&d%clf%%)set he desirhed premerty(ies) of invention
conpositions, and the i ke. For exanple, i1n one aspect of the invention)
when preparing fornulations useful for punped concrete, the initial fiber
| ength for fibrous nateri BRIBHPEHFREREION HF RHE BHGQURE wi | | be rel atively
short, 20 typically about 38mm In another aspect of the invention, when
preparing formul at igng, Msef Yr i 2aURed 10K 238k elsN tRk2 g GRReRet e, fiber
| ength will be somewhat |onger, typically about 50mm .As used herein, the
" L@ﬁ i ni ticaighnefsacmzrest contsdmienete”f droxmvd attilipnogon@tiavdingl 125% by
e oyed herein is ng £al e oyt 0 . i r t. v .preferred
that the vi‘%%ealoé lﬁ?ré‘%él ar e%n%g?i r%oe%gsr g’aaf‘é%g{nlgeﬁ flac{)rtl)n&t%cpfﬁﬁnﬁ%l%/af‘?‘ a
speciZ0 ¢ st dordeserited htoprepariat it ¢frafyildeandt agresrdmaed
conpositions that are to be punped (eg. "shotcrete" and the Like)) an
initial stffere¥xes of about 110 rnnR is preferred In a specific
enbodi ment for use in the preparation of Portland cenent-based conpositions

that are to 30 be cast ppfrpigmbedristripagen beerhRtetrgiERETbRI tial surface
area i s about 150mMm®.

In accordance with the present invention, there are
provided building product formulations comprising a mixture
25 containing inorganic binding agent and in the range of about

0.1 up to about 3.0 percent by volume of a fibrous material,

wherein said fibrous material is characterized by

having:

(2a) a low initial aspect ratio,



0 6 SE P 2002 15 As enployed herein, "agitation" refers to any nean$ 6o§EP 2002
bl endi ng/ m xi ng the contents of the invention fornulations. Al such neans
.are contenplated for use in the practice of the present invention,
Agitation nmay be acconplished by any nechani cal neans, such as) 5 for
exanple, by mxing) rotating, stirring, shaking, pouring) kneading,

vi brating) punping, and the |ike Addilfi onal neans of agi tation contenpl at ed
for use in the presepj iaNenhioDal nehyeigcaldrasaht myibraiton angnt hssarl |y
i nduced m xing or turbulence. In a presently preferred enbodi nent, the

agi tati on2@Prf; occur through the nechanical action of a cenment mxer. 10
Use of the term"fibrillation” in the present clains and specification,
refers to the d pro jve i i i ngti

| ow sur f ace- axea figéﬁgéi%a %??gf€$%égkfﬁﬁﬁ%%%ékﬂ{%kégﬁégf%fg#hégg%nponent
fibrous nehderkoés, apgoyeaspopel Atbhonl bdt fobrumde et tat i dadf hesid
undergone fibrjllation, sope of the initial |ow surface-area fibrous

mat eri al ﬁgrﬁﬁ}aFéﬂﬁinr%%%ﬂfbﬂ$i%TI%ni?ﬁ%ﬁﬁg%ﬂkPQFﬁiﬁﬁu%ﬁfﬁﬁr@@ﬁ?eaﬁ%ﬁers
of the stgethpo1fhbersvdmy seibséandhal | yreamplietelat SEPAL At SroficCag ding to
the present invention, following fibrillation, a range of separated fibers
Wil exispercestltihyso npacnvs@@ga}g@rémrmenéwmﬁ faf epapdec big ttee

popul ation, of fi.brous teriak.of in the range of at |east out 20

per cent , Snggrgﬁfﬁré?g$e%% f%b%%tp%% %é§c£§1.uié%ﬂ%ﬂnﬁ?dﬁ?gflispreferred
enbodi menkrcibeeki boopsishhgriiad fothuléd hmve undergone an average increase
in surface area of at |east 100 percent. In an especially preferred

enmbodi nent, the popul atiopn of fibers w |l represent an average increase in
sgﬁfghg area of thePi B Y%%I%??%ﬁ?of EH%% Eﬁﬁgaﬁﬁc%ﬁﬁ.u¥?F%Pﬁ _
preferred-gphedi pBNL Qhridey PsLSEHE s AYEN ONna ddie PIHAU LS Shyer {odgi I 1 ation
of the fibers allows one to achieve a near uniformdistribution of the

fibers thiogghdingi hBorbhendteenent ipaserd armylats ensigerd oirtheles xi ng
while the fihers.a Ll re pvely.i (1,8 [ior . the
fibrillat Péﬁgﬁﬁé?e%%?é%‘éé’w I%éélléa%I%/"])rgéep?cjérl%’ersskf%%cdp%%/et h%’gle&é?' skill in
the art, ewebBakhepbhitgbtpsthiterease syntshet B ecanimes Died hecdtbhet -Hes@d, 5%
and up), caused by a m ni nal Level of fibrillation) will 30 lead to

p

oo OEDPAL ERE: GBI AThE phf by noF e P HESTTEL e img Py af e

toughness;npbastbh, tRebpSrElind 200%ed6-5ddddkaganulyi Y shriokagenefire
resi stance, fatigue life, resistance to thermal expansion and contracti on,

i mpact resPwpaheed @brRabilang, couept ngSEerRE hbsulth ms anave heo¥ i keyshidt he
fiber reigggkgeg Su%gg'ng materials over that achieved with the original
{i.e., non-Ti P ate ?'nnnofilanent fiber. Mre substantial increases
(e.g., in the range of at |east about 50 5 percent) in surface area of the
fiber will |ead to Thgsefofaskilhpinvenen st i caperdatnbncedeniopyti es.
Fibpil%atton of tibgrsdcontengéatef for.ys§lin accordance_ with the.gresEnt

i nventPon{PFPAPagd°t BIAVEr Bge"T hat 2a3es" 1 T heEP S T Rck  aF 82 BFATHECR i BF ous
materi al apgwheeseHp tAveheubnla, NO0Ysen heobed, die sphi® ofnbhesei average
val ues) those of skill in the art will readily recognize that even at high
per cent ag@inAdpgagaterhat e 5efPES et ArrEgIBHRARE BErRON; Frbon

containing materials that serve to hold together the yvarious
solid constituents of an aggregate. Examples of materials

25 contemplated for use herein include portland cement. clay,
stucco, plaster of paris, and the like  Such materials,
including those currently available and those developed in the
future, are contemplated for use in compositions and methods of

the present invention.



10 remain intact and show no visible increase in surface area afterUﬁSEﬂﬂﬁz
and placing. In accordance with one aspect of the present invention) there
arc provided building product formulation conprising the herein-described
fibrous material in the range of about 0.1 up to about 3.0 percent by

vol une. Such buil ding product fornul ati ons show 15 i nproved
characteristics, when conpared to elher fiber reinforced bui | di ng
formul ati ons) such as reduced plastic shrinkage, reduced drying shrinkage,
improved fire resistance) inproved fatigue life, inproved resistance to

t hermal expansi on and contraction, inproved inpact resistance, increased

fl exural toughness, inproved workability) Punping and handling) and the
litre. 20 I n accordance with another aspect of the present invention, there
are provided building product formul ations conprising in the range of about

0.1 up to about 0.3 percent by volunme of the herein-described fibrous
material . At tAseused hopein, Tireds grteriehorelow e g yatheds monplamenki to

denonstrat e, i npr.oved ar eri st . i C rifnkage yi ng
shri nikag e BB REPT L oui SbE Bodh BN AR Mt of U 5B B

resi st anqge ! fddRER indexpsidat conditions) inte Gl jlemlity dTRaAY @M ceth Kilrhdtd, V|
punpi ng and handling) as well as some inprovnent in inpact resistance and
fl exural fopudidhémngth formycyoscopicalhesmall rach of nuch emptersernss-septianal iaxga)and her e
are provided buildin roduct, 30 forrgul ati ogns c rising in,the range of
Sbout S0, $58lse Pepesiaty gt GHeBA DR ER Hire T of (Ghge kA bRt

her ei n- deggy i itB%:% i : r i Ble gp f
fiber ad g?{%ﬁﬁg&%h orﬁu@ﬁ%@k%?%a%gmg P?éé?g SF ﬁtlp%?ove g%aé{r"gggg??sti (ofS}
suth)as phmainicne st icoipgsed off ypinglighuf Abkiige.e., tmpibepardially Goritlesi)s tianne)

improved fatigue life) inproved resistance to thermal expansion and,
cont r act isgpect Pftheopresenivinvention. & populationof dongs gboth drshed and (letpehed fhrils

bstantial J Lni i St ad £l t h it~
- accor doc BEEHEA RBEAPe SHEBR Te Rt EncCpracm s e e e tRE e e
pr ovi@ed fﬂﬁ%ae&i?m%uymﬁuﬁieapﬁm LS O agw_dy,cmﬁxg, RAtrtidg0 @ﬁm?hﬁg,aﬁiﬂi g the
abovedescribed fibrous material to inorganic binding materials wherein the

f or mul at ilike. iThe ¥esuiting) vacietyint fibeasjze and zspeat sitias of Ehtillated Hbtrs axilk captributer age

increase in surface area,of the .fibers of at,least about 20, percent,
pref er abl% % Fange o enbgnced @G%W%ﬁtmbrﬁés“ém@ﬁxd?"?ﬁ@ﬁﬁ afd IFATAge to

mat eri al jgad, when conpared with other synthetic fiber reinforcenent
systens) i nproved characteristics such as reduced plastic shrinkage,
reduced drying shrinkage, inproved fire resistance, inproved fatigue life,

i nproved resistance to thernmal 15 expansi on gnhd.cont,ractjon, i nproved
i ggac‘cs resi st aﬂ%f’e%b’i% rraaeagl f’?‘gmlﬁ‘{g’gtéﬂdﬁﬁ B IE ehﬁﬁ‘r“?@ang?ﬁa

punpi ng i ci@&d 41 ke 3815’% E’&%‘m i j n%gg% gds, in
the range o Hg’%(%tﬁ?‘%]. upas:%ggg%d&t . Bﬁeh‘rigg:?lt y é&%’l%d @i roés%

mat eri al pIf, @ddesistatceatoPaolshas dsutRdieritto hasdet sashmpantials areRD fovhieiforcingt hen
subj-ect e to agitation as above, thereby providing buildi nghlgr oduct,

f or mul at i walditg produpt Gomeilations asadsr | sandawl depdn and penditions. sHini akaRgsilicdr yi ng

shrinkage, . nproved fire resistance, . i.nproved fat.ique l.ife).idmr
resi st anc‘g“tft’g&f‘ T ﬂ%%ﬂ?éﬁ?ﬁ&ﬂnm’%‘% gﬁ ﬂf}'ﬁ‘)“ ?%ﬁ%’?&%‘ é&)rff@bﬁﬁ

| mproyed RiAGRichthosR HBEHEAE), BSadBet agRctSENBe hi¥RP HiRAtor thelifiaCéross
resi stance and flexural. toughness. 25 I'n another aspect of invention

met hods, sectiotaddireensiensdf thb onpindl §miletic mondfilamed . af: shent binnnby 0:33umelnof a

e Sub] SEOERCH il AREBFOTPeACASEAR OF EHORNERHOBr SO Ab B At
resi st anciytoph BPaRaay s AR AR N B BHlylct Sjend.
expansi onAgnfedC bR AGE ipbiase I“AEvOWEstructure” conforms to the normal usage of the term,
25  ie, the fbrillated and partially-fibrillated fibers form a relatively disordered mesh or tangled
net—lik;: structure.  The modifier “ﬁné”, as used in the phrase “fine network structure”,
denotes the inherently small nature of the network due to the size of the fibers described

)

=

herein for use in invention compositions and methods.



0 6 SEP 200Z 18 workability, punping and handling, as well as substagtgsip 700
| nprovenents in inpact resistance and fl exural toughness. |In accordance

. Wi th anot her enbodi ment of the present invention, there are provided 5
articles conprising the building product formul ati ons descri bed above. In a
preferred aspect of the invention there are provided articles conprising
the Portland cement-based formul ati ol described above. The invention wi !l
now be described in greater detail by reference to the follow ng) 10
non-limting exanples. 1n a recent experinment, it was denonstrated that
3000 deni er Polysteel T''~ fiber 15 (avail able from East Coast Rope, Ltd.,
Nort h Sydney, Nova Scotia)) conprised of polyethyl ene/polypropyl ene pol yner
bleed with a mass of about 7.5 grins per denier, a specific gravity of

about 0.94 and_a stretch elongation at break in the rang; of about 16% up
to about 18% Wkamplgsabaritable syntbetispolyraern hlensls contemplsted1ivy yen baemonplude
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Fibers contemplated for use in accordance with invention compositions and methods

may be produced by any method known in the art. In one aspect of the present invention,

20  fibers contemplated for use in the practice of the invention are manufactured by individually

extruding a filament which is subsequently quenched and then stretched in a stretching

oven. The filament is then reheated in an annealing oven to relax the filament and lock in

the “memory” of the filament. The filament may then be embossed to create flexibility

and enhance grip ability of the filament. Finally, the filament is cut to the specified

25  length (application dependent) using, for example, a rotatory cutting wheel, Of course, as

readily recognized by those of skill in the art, other suitable methods for producing fibers
meeting the fiber specifications set forth herein may also be employed.

As employed herein, “aspect ratio” means the length of a fiber divided by the
30 diameter of a cylindrical fiber having a similar cross-sectional area. In accordance with the



10 Wiile the invention has bean described in detail with reference td6 SEPZW

certain preferred enbodi nents thereof, it wll be understood that
.nodifications and variations are within the scope and spirit of that which
I s described and cl ai med. 0 6 SEA 202 20 1. A building product

formul ation conprising a m xture containing inorganic binding agent and in
the range of about S 0.1 up to aboutlg.o percent by volunme of a fibrous
material, wherein said fibrous material is conposed of synthetic resin
nonofil aments and wherein said fibrous material. is characterized by
having: an initial surface area of each nonofilanment of the 10 fi brous
material of no greater than about 200mm ; wherein said fibrous nmateri al
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st r uct ur eshopldrhe a therhigher endzof the magatypigallp ke Akt /8i ng to any one of clains 1

to 6, wherein said synthetic resin nonofilanments conprise a bl end of
pol ypropyl ene and pol yet hyl ene. 8. A fornulation according to claim?7,

wherein 'said AQ_réaidh&Qéb%gﬁﬁﬁé@ij Blosd'afskall PGS a8 a2 3@ Eange Df HoeNenpBE ackeni er,
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use, the desired property(ies) of invention compositions, and the like. For example, in one

) aspect of the invention, when preparing formulations useful for pumped concrete, the initial
fiber length for fibrous material contemplated for use herein will be relatively short,
20 typically about 38mm. In another aspect of the invention, when preparing formulations
useful for poured or cast in place concrete, fiber length will be somewhat longer, typically

about 50mm.

As used herein, the “low initial surface area” contemplated for the fibrous material
25 employed herein is no greater than about 200mm?. It is presently preferred that the initial
surface area be no greater than about 150mm’. In a specific embodiment for use in the
preparation of Portland cement-based compositions that are to be pumped (eg. “‘shotcrete”™
and the like), an initial surface arca of about 110 mm’ is preferred. In a specific
embodiment for use in the preparation of Portland cement-based compositions that are to

30  be cast or poured in-place, the preferred initial surface area is about 150mm’,



11. A nethod for the production of a Portland cementbased fornul atiorg§ Sgf 0?2
nmet hod conprising adding in the range of about 0.1 up to about 3.4 percent’
.by volume of a fibrous 25 material to a Portland cenent-based conposition,
wherein said fibrous material is conposed of synthetic resin nonofilanents
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surface area of each nonofi| anent of Phe 30 fi brous material of no greater
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25 stages of the mixing while the fibers are still relatively intact (i.e., prior to the fibrillation

thereof).

As will readily be understood by those of skdll in the art, even the slightest increase
in surface area of the fiber (e.g., 5% and up), caused by a minimal level of fibrillation, will
30 lead to improvements in the overall performance properties (e.g., flexural toughness, plastic



*24. A method according to claim 11l or 12, wherein said fibrous mateditabEtP 2002
conprises at |least one of flat fibers, crinped 25 fibers and enbossed

. fibers. 25. An article conprising a reinforced Portland cenentbased

* fornulation, said formulation containing in the range of about 0.1 up to
about 3.0 volune percent of a fibrous material, 30 wherein said fibrous
material is conposed of synthetic r¥sin nonofilaments and wherein said
fibrous material is characterized by having: an initial surface area of
each nonofilanment of the fibrous material of no greater than about 200mMm@®;
wherein said fibrous material has undergone progressive fibrillation under
agitation of said fornmulation, resulting in an increase in surface area of
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the herein-described fibrous material. At these relatively higher rates of fiber addition
such formulations also demonstrate improved characteristics such as plastic shrinkage,
drying shrinkage, mmproved fire resistance, improved fatigue life, improved resistance to
thermal expansion and contraction, improved workability, pumping and handling, as well as

5  substantial improvements in impact resistance and flexural toughness.

() In accordance with another embodiment of the present invention, there are
provided methods of producing building product formulations by adding the above-
described fibrous material 10 imorganic binding materials wherein the forrulation is

10  subjected to agitation sufficient to achieve an average increase in surface area of the fibers
of at least about 20 percent, preferably at least about 50 percent. These methods yield
building materials having, when compared with other synthetic fiber reinforcement
systems, improved characteristics such as reduced plastic shrinkage, reduced drying
shrinkage, improved fire resistance, improved fatigue life, improved resistance to thermal

15  expansion and contraction, improved impact resistance, increased flexural toughness,
improved workability, pumping and handling, and the like.

In one aspect of invention methods, in the range of about 0.1 up to about 0.3
percent by volume of fibrous material is added to a Portland cement-based composition
20 whi;:h is then subjected to agitation as above, thereby providing building product
formulations with improved characteristics such as plastic shrinkage, drying shrinkage,
improved fire resistance, improved fatigue life, improved resistance to thermal expansion
and contraction, improved workability, improved pumping end handling, as well as some
improvment in impact resistance and flexural toughness.
25
In another aspect of invention methods, in the range of about 0.3 up to about 3.0
percent by volume of a fibrous material is added to a Portland cement-based composition
which is then subjected to agitation as above, thereby providing building product
formulations with plastic shrinkage, drying shrinkage, improved fire resistance, improved
30 fatigue life, improved resistance to thermal expansion and contraction, improved
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5  articles comprising the building product formulations described above. In a preferred
aspect of the invention there are provided articles comprising the Portland cement-based
() formulations descrbed above.

The invention will now be described in greater detail by reference to the following,
10  non-limiting examples.

EXAMPLES

In a recent experiment, it was demonstrated that 3000 denier Polysteel™ fiber

15 (available from East Coast Rope, Ltd., North Sydney, Nova Scotia), comprised of

polyethylene/polypropylene polymer blend with a mass of about 7.5 grams per denier, a

specific gravity of about 0.94 and a stretch elongation at break in the range of about 16% up

to about 18%, when added at a volume addition rate of 1% outperformed polyolefin fiber at

1.67% by volume (fiber of similar initial specific surface area, and identical tensile strenght

20 and modulus of elasticity) in both flexural toughness and plastic shrinkage performance.

Similar tests were conducted on a series of steel fibers at fiber addition rates of 0.5 and 0.75

%, results show that the fibrillating fiber, when added at a volume addition rate of 1%,
easily outperformed the steel fibers in the contro! of plastic shrinkage and drying shrinkage.

25 Shotcrete tests conducted on fiber, having performance and physical properties
described herein, reveals that the fiber is easily pumped and shot at fiber volume fractions
up to 1.5%. A slight change in the concrete mixture design allowed the fiber to be pumped
and shot at a very high percent eddition rate of 2% by volume. One should note that it is
almost impossible to pump and shoot most fibrillated synthetic fibers available on the

30 market at fiber addition rates in excess of 0.5% by volume. Again, the initial low fiber
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5 achieved a Toughness Performance Level V at 1.5% addition, a performance never reached
by any synthetic fiber before. Fiber addition rates of 1% in shotcrete of the fibrillating fiber
achieved Toughness Performance Level IV, which is again, substantially higher that other
synthetic fiber. '

10 While the invention has been described in detail with reference to certain preferred
embodiments thereof, it will be understood that modifications and variations are within the
scope and spirit of that which is described and claimed.



I (1 3@10%000& ()- HHI /1ol dBVK@! I 1Y#10% o' 0&' ()-2z910% 0& ()- 06 SEP 2802

y#10% 0&' ()-10% 0& ()-L10% & ()-#210% o0& ()-31]JIIKKKLZ[ <VK@

o 11$S10% 0&' ()-F"10% 0& ()-LS! 10% 0& ()- !6,%40%]& ()-!'C "10%0jo& ()-!&
"10% "' & ()-L@LM MW [ <VK@! ! f 2MB10% 0& ()- ! (f2Mb10%U000& () -

S/ 10% o0& ()-!(' 10%& ()-!(' 10%0& ()-.9" 310% o0& () - MNLNTNt NuNvNwNNxmbC

11 F(Z109%%& ()- 10' 0 10' 0 10' 0=z10% && () - Fy;

10% 0& ()-9 10% o0& ()-37s!10% o0& () - NNNNOOpOQaBimbC ! ! 3f

109658 ()-SF#109%6& ()- ! SF#109%& () -

1096&' ()CRAAMSEL () -31096& () - OOCPP( QQQaBmbC !'! | #1096&' () -"109%6& ()-F

1096& ()-!2s$10%5s5& ()-1109%6& ()-2!109%& ()- QQLR RRSTTA<. C

1055! () FO409%65&' () - b%‘l,: ¥4,0%
&

| F(' 109658 () - &109% WEW&C’?’}CF ! fﬁ%]&?%ﬁoﬁrﬂeﬁ@mma mixture
1055! (! 188htaining! 1A&E8ah)esbin@¥hd. 4gent 08 i) -tHel Pdhfe (af

1055 0 B 551 ( 09 0 | &y, 0965|5 (
| 109 v§/ {iM8oEg ?‘$°uF13 é&g%% é&‘&%‘@“ﬁ& %535'%‘1%%&“ 3idl,
FY$10%& ()- "10%ghéresn! $898&E{brons OvGBex)al : i OEdpdded ¥eZZ[ \ J] ] A ?EC
10551911 0 10O & ()+
L0 ok QUL ol DR R e kahiavt! 308 Lhein AN 5nd B LU
F' 1098 L%- chaxamlepdlbmav}nsesnnow& ()- 105 105
an initial surface area of each monofilament of the
10 fibrous material of no greater than about 200mm®;
i ) wherein said fibrous material undergoes progressive
fibrillation under agitation of said formulation, resulting in

an increase in surface area of the fibrous material.

15 2. A Portland cement-based formulation comprising
Portland cement and in the range of about 0.1 up to about 3.0
percent by volume of a fibrous material,

wherein said fibrous material is composed of
synthetic resin monofilaments and wherein said fibrous material

20 1is characterized by having:

an initial surface area of each monofilament of the

fibrous material of no greater than about 200mm?;
wherein said fibrous material undergoes progressive
) fibrillation under agitation of said formulation, resulting in

25 an increase in surface area of the fibrous material.

3. A formulation according to claim 1 or 2, wherein the
increase in the surface area of the fibrous material is, on
average, at least about 20 pexcent.

30

4. A formulation according to claim 1 or 2, wherein each
monofilament of the fibrous material has an aspect ratio in the
range of about 30 up to about 80 before agitation.

35 5, A formulation according to claim 1 or 2, wherein said

fibrous material comprises at least one of flat fibers, crimped
fibers and embossed fibers.
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5 7. formulation accor ing to any one of claims 1 to &,

wherein said synthetic resin monofilaments comprise a blend of
polypropylene and polyethylene.

8. A formulation according to claim 7, wherein said
10 fibrous material has a mass of about 7.5 grams per denier, a

gw} specific gravity of about 0.94 and a stretch elongation of
about 16% to about 18%.

9. A formulation according to claim 1 or 2, comprising

15 in the range of about 0.1 up to about 0.3 volume percent of
said fibrous material.

10. A formulation according to claim 1 or 2, comprising

in the range of about 0.3 up to about 3.0 volume percent of
20 said fibrous material.

11. A method for the production of a Portland cement-
based formulation, said method comprising adding in the range
of about 0.1 up to about 3.0 percent by volume of a fibrous
25 material to a Portland cement-based composition,
wherein said fibrous material is composed of

synthetic resin monofilaments and wherein said fibrous material
is characterized by having:

an initial surface area of each monofilament of the
30 fibrous material of no greater than about 200wn?;
wherein said fibrous material undergoes progressive
fibrillation under agitation of said formulation, resulting in

an increase in surface area of the fibrous material.

35 12. A method of producing a building product formulation,
said method comprising:

(2) adding in the range of about 0.1 up to about 3.0
volume percent of a fibrous material to an inorganic binding
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is characterized by having:
5 an initial surface area of each monofilament of the
fibrous material of no greater than about 200mm’;

(b) agitating the resulting combination to cause
progressive fibrillation resulting in an increase in the
surface area of the fibrous material. '

10

i) 13. A method according to claim 11 or 12, wherein the
increase in the surface area of the fibrous material is, on
average, at least about 20 percent.

15 14. A method according to claim 11 or 12, comprising
adding an amount of fibrous material effective in improving

plastic shrinkage and/or drying shrinkage characteristics of
the building product formulation.

20 15. A method according to claim 11 or 12, comprising
adding an amount of fibrous material effective in improving

flexural toughness characteristics of the building product
formulation.

25 16. A method according to claim 11 or 12, comprising
adding an amount of fibrous material effective in improving

crack resistance and crack control of the building product
formulation.

30 17. A method according to claim 11 or 12, comprising
adding an amount of fibrous material effective in improving
fatique life of the building product formulation.

18. A method according to claim 11 or 12, comprising

35 adding an amount of fibrous material effective in improving
resistance to thermal expansion or thermal contraction of the
building product formulation.
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impact resistance of the building product formulation.

21. A method according to claim 11 or 12, comprising
10 adding an amount of fibrous material effective in improving
{:) relative handling characteristics of the building product
formulation.

22. A method according to claim 11 or 12, comprising

15 adding an amount of fibrous material effective in improving
relative pumping characteristics of the building product
formulation.

23. A method according to c¢laim 11 or 12, wherein each
20 monofilament of the fibrous material has an aspect ratio in the
range of about 30 up to about 80 before agitation.

24, A method according to claim 11 or 12, wherein said
fibrous material comprises at least one of flat fibers, crimped
25 fibers and embossed fibers.

25. An article comprising a reinforced Portland cewent-
based formulation, said formulation containing in the range of
about 0.1 up to about 3.0 volume percent of a fibrous material,
30 wherein said fibrous material is composed of

synthetic resin monofilaments and wherein said fibrous material
is characterized by having:

an initial surface area of each monofilament of the
fibrous material of no greater than about 200wmm?;

wherein said fibrous material has undergone
progressive fibrillation under agitation of said formulation,

resulting in an increase in surface area of the fibrous
material.
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monofilament of the fibrous material has an aspect ratio in the
range of about 30 up to about 80 before agitation.

28. An article according to claim 25, wherein the fibrous
{f) material comprises at least one of flat fibers, crimped fibers
and embossed £fibers.

29. A fibrous material for use in a building product
formulation, comprising synthetic resin monofilaments each
having an initial surface area of no greater than about 200mm?,
wherein the fibrous material undergoes progressive fibrillation
under agitation resulting in an increase in surface area.

30. The fibrous waterial according to claim 29, wherein
the increase in the surface area of the fibrous material is, on
average, at least about 20 percent.

.- 31. The fibrous material according to claim 29, wherein
each monofilament of the fibrous material has an aspect ratio

in the range of about 30 up to about 80 before agitatibn.

32. The fibrous material according to claim 29, wherein

the fibrous material comprises at least one of flat fibers,
crimped fibers and embossed fibers.

33. The fibrous material according to any one of claims

25 to 32, wherein said synthetic resin monofilaments comprise a
blend of polypropylene and polyethylene.



