WD 02/ 06607 PCT/ CA01/ 01025 1 THREE- DI MENSI ONAL TW STED FI BERS AND
PROCESSES FOR MAKI NG SAME Field of the Invention The present invention
rel at es twoh2/eps for reinforcing 5 matrix materials suchCESANDOM2T ,
concrete, shotcrete, rubber, plastic, bitum nous concrete, gypsum
conpositions, or asphalt and nore particularly to fibers having a
three-di nensional tw st for enhancing dispersibility of fibers within

nortar and concrete. AgkmBagkaegidNef, the dmventipgdksTRAgoPr esent i nvention
particularly focuses on tThe problem of dispersing 1ibers within castable
conposi tions such as fresh Bﬁﬁﬁﬁﬂﬂjﬂg_ﬁﬁgﬁ_g_%@pr obl ems associ at ed
with adding fibers to concrete and avoiding fiber clunping or balling is
wel | 15 L NG or Specifying, Proportioning, M Xing,

Pl aci ng,Eﬁ!Loec She MRl i ber Reinforced Concrete” (Docunent nunber
ACl 544.3R-93) as reported by American Concrete Institute Conm ttee 544.
Over the yearBhaeumesoest i immrtiore metdiots tof fdekeayifny 26 iadd doimd) | ng
fiber§, S rface treatnents %gd mechani cal means, of .a dine\%fiber%to a
concret & STrE Kbk b e dhvi S &4 T o dEF AT S v RS VST ¢ SR Y
probl emgifadider botdmNgo s EdribgEdy,. gkpsum Redngids iNuey, 4rldk3dd t

(Akazawa et al.) describes a nmachine designed to separate fibers into
separ at RN Rt Ze1r B dichd i e b rdireandimpreionad.  pat ent

Nunber 3,706, 886 &Mempst gl )qdgserd fies @ pProcess,heraln theddiher s ay e
coated wwth a friction reduci ng substance prior to their 1ntroduction to a
concr et ecanctere. U. S. Patent Nunbers 4,224,377 and 4, 314, 853 (Mbens)

descri be a nmet hod whereby a

10 Background of the Invention

The present invention particularly focuses on the problem
of dispersing fibers within castable compositions such as fresh
cementitious mixes. The problems associated with adding fibers
to concrete and avoiding fiber clumping or balling is well

15 documented in “Guide for Specifying, Proportioning, Mixing,
Placing, and Finishing Steel Fiber Reinforced Concrete”
(Document number ACI 544.3R-93) as reported by American

Concrete Institute Committee 544.

Over the years numerous innovative methods of packaging

20 and bundling fibers, surface treatments and mechanical means of
adding fibers to a concrete mixture have been devised in order
to try and overcome the problem of fiber balling or clumping.
U.S. Patent Number 4,121,943 (Akazawa et al.) describes a
machine designed to separate fibers into separate units prior

25 to adding them to a concrete mixture. U.S. Patent Number
3,716,386 (Kempster) describes a process whereby the fibers are
coated with a friction reducing substancé prior to their
introduction to a concrete mixture. U.S. Patent Numbers
4,224,377 and 4,314,853 (Moens) describe a method whereby a

30 plurality of wire elements are united by a binder which loses



30 plurality of wire elenents are united by a binder which | oses WD

02/ 06607 PCT/ CA01/ 01025 2 its binding ability during the m xing process.
U. S. Pat avio 02/0dsnber 5, 807, 458 (Sanders et. al.) descri besrar/abtio@s or

rei nforcing castable conpositions through the use of reinforcing elenents
mai ntai ned in a cl ose-packed alignnent 2n 5 a di spersi bl e contai nnment
means. A factor conmon to the |ast two described nethods for achieving

hi gh additd ofin@ies Sbihigh aspaed 1l indfikensrdddds. cany.eteatestt 0
introduce the fibers in a organized array that on mxing slowy rel ease

the fibeVERer aty BT ghell EF3GeraIEE Behd [ ETHRES Mt ARG ous
composi i oised foddy ScIBINSTe EXRRI NG MBdiPald LRI dent eract i ons and

subsequently show “ | ess tendenc cl unpi ng or Ing as conpared to the
sane fitbeEnsfohainarel adelrds troa oereintied ilous colmpeesigaaes] ial ignrendl 1iyn
rando$n orif.nt at i OJQ? This fiber clunpi ng or bal ling nmeans that 15 the

i ndi vi duhl TFTRRETS 51 Rt TRt HB Wi Se uniformy throughout the concrete
m x, and therefore they may fall short of inparting the desired structural

rei nforcenenta tfadther cathbd apd tiey denad wondeie A inet®loddnifloras a
whol e. One , significant drawback of the |ast two described methods i s that

20 the r¥fEeRetd 1HE 1AGRSIH IHEHISE fy UhidSHEC WFeniderft PGTS thE at e
at. whi chpd e di SPEL SL Ol 0 COM@IMEN Ofhd: e fH NH&Lrgallilde 350 Wenat

Therefore, mxing operations involving short mxing cycles may not allow

enough tédmenixoing helenty recledsaste ofikdrs firbars drigmachentiagper si bl e

contai nnent or t tot(gl 25 di ssol.ut,i.on of the hinder uniti ng the fibers.
e

The 17 bers $H° tH e% @ .Ift? n?/ee%?ri‘to t]daousno%owpe?i/ltolhonfnf%i% n&laéléleeﬁ or
di sper sidy®e €0sH @ nF@nér f DI b@r-opiaser el rease Alicbrl SR Y WsRBNtAZN show
therefore be used in operations where short m xing cycles
less tendency to clumping or balling as compdred to the same
fibers that are added to cementitious compositions in a totally
random orientation. This fiber clumping or balling means that
15 the individual fiber strands do not disperse uniformly
throﬁghout the concrete mix, and therefore they may fall short
of imparting the desired structural reinforcement to the
resultant hardened concrete matrix or unit as a whole. One
significant drawback of the last two described methods is that
20 the release of the fibers in the mixing unit is dependent on
the rate at.which the dispersible containment or the binder
will dissolve. Therefore, mixing operations involving short
mixing cycles may not allow enough time for the entire release
of the fibers from the dispersible containment or the total
25 dissolutioh of the binder uniting the fibers. The fibers in
the presént invention do not rely on any binding agent or
dispersible containment for proper release and dispersion and

can therefore be used in operations where short mixing cycles

are involved.

30 The present invention covers fibers that can be rapidly
added to a cementitious composition in a completely random

orientation with no fiber clumping or balling occurring.



are involved. 30 The present invention covers fibers that can be rapidly
added to a cenentitious conposition in a conpletely random orientation

wi th no Wo@eroa@bunpi ng or balling occurring. WO 02/ 06607 RCICA&AOAOBL025 3
Sunmary of the Invention The present invention provides fibers for
reinforcing matrix materials such as hgdraulic cenentitious materials
(e.g., nortar, concrete). Exenplary fibers of the invention 5 have an

aver age $engity off S-HHOIHmenehover age width of 0.25- 8.0 nm and first and
second opposed ends each having width and thi ckness di nensi ons with width
di mensi ons exceedi t hi ckness, di nensi ons dt hs ﬁ)%r said first and

sai d second opposet’® enbESHRT niP YR st pd’?'féf”t fting

ori ent athons: x b X ef £1abkych thie f\éwﬁmlaé ecézﬁérafﬁ@fbugl mﬂﬂ&qtal(yﬁs that are
non- coplanar with each other, and nore preferably between 15-720 out of

phase w t%- ®ac ety , (@WI@*@%X N UFARIND Jradpyf e"slé?ﬁﬁwgﬂi wdie ciowmsindtieon wi st s)
and r f ot her, -the

fi bepgs) %%%eﬂma%%g%‘%j&%ﬁggo él?mfé s%/(rﬁr%(etl Cc po yribr (s%(cpch @ 0. 2§1

pol ypr opy! @nmy, pabyefhysenend esecond sieeded aendd heschrataaria seidtth airker

exenpl ary. enbodi nents, the fibers have nt er nedi at e body, portions defined
bet ween %/TPﬂeC]fri‘e?%% EHCRBEOMY HighoLEE T i MGWWW ghickness

three- di gBASI SN s CUE YL O i 2Ond WoBtsa FPre XA ddid heeddheroidiephen

stretched into a strai ght line is deened to occurg%/ the "z" axi's, then the
fibers eras H@mﬂ@dwbe%amdatwwmwm"d@' R@cﬁlme(rdea‘hm al ong

e PSR e DR R) ERo Pl B9  BOVEIS S 2 oon-

coplanar w1th each other, and more preferably between 15°-720°

out of phase with each other (the upper number representing two

complete twists) and more preferably between 15°-360° out of

phase with each other. The fibers can be made of one or more
15 synthetic polymers (e.g., polypropylene, polyethylene, etc.),

steel, or other materials.

In other exemplary embodiments, the fibers have
intermediate body portions defined between the first and second
bpposed fiber ends Which have a three-~dimensional curve or

20 twist. For example, 1f the fiber body when stretched into a
straight line is deemed to occupy the “z” axis, then the fibers

W

can be deemed to have a curve in the “x” direction (defined
along the width dimension of the fibers), as well as a curve in
the “y” direction (defined along the thickness dimension of the

25 fibers).

The curvature of the fibers can be mathematically

described using the following equation:

a-cos(w,-7) oobvreR
1?2 22V

X
=|b-sin(w, T
z (@;°7) 0.25mm < a,b < 25mm

v-T



The curvature of the fibers can be mathematically described using the
followng equation:. x acos (co, z) =bszn(av2 ~) ev,,Cv2,v,z e 91 vy
0. 25nm _wa@p2/wed7 25nm z v WO 02/ 06607 PCT/ CA01/ 01025 4pdocabt/aiozs a ful |
twist for a given length 1 in z direction the follow ng equation has to be
fulfilled: V= (CO +CO) 4-Pi A prefefred process for making the

af orenenti oned 5 exenplary fibers of the invention conprises tw sting

toget her 2- 5000cienadinos erpl ef €Fodd yede 24 Jibet Sdrgurdsl (ieach Eitveatd ef

whi ch can be a nonofilanment, multifilanment, or. which in turn can conprise
further % afishovime eHeRt LR thay thds wistEd 199 ber bundl e into separate
fi ber pieces which will have the 10 twi sted structure, as descri bed above.
The nenory of thﬁ(&%ﬁﬁ%) shape is generally maintained in the fiber

materi al aftev=-eutiings nto separate fiber pieces. The menory of the twi st
shape in the fiber “vhferial can be enhanced by introducing the twsted

fi ber bundle (before cutting) against and around one or 15 nore pulleys to

inmpart tensi on wretfdersdi sieceds besr bundiey wred effedemdt iy as by
introducing the twisted fiber bundle between rollers to flatten or crush

themdr GtHRIESE FHPeRPart TR INGRERD st isRD THs e P Iithar
hohs ARt nibe A Le i, bers e N 00 S8 S | e
pl ur al i twhiofh fe¢doerise nadeonof Ataedanaeiltifilament, or which in turn
can comprise further strands), and then cutting the twisted
fiber bundle into separate fiber pieces which will have the
10 twisted structure, as described above. The memory of the twist
shape is generally maintained in the fiber material after
cutting into separate fiber pieces. The memory of the twist
shape in the fiber material can be enhanced by introducing the
twisted fibér bundle (before cutting) against and around one or
15 more pulleys to impart tension on the twisted fiber bundle
material, or such as by introducing the twisted fiber bundle
between rollers to flatten or crush them or otherwise to impart
the twisted shape into the memory of the fibers. Heating of

the twisted fiber bundle before cutting can also impart the

20 twisted shape into the memory of the fibers.

Preferably, the plurality of fibers made in accordance
with the invention will have curvatures or arches retained in
the material memory (slightly bent portions between opposing
‘ends of the fiber) that vary from fiber to fiber, and this can

25 Dbe achieved depending upon the nature of the material (polymer,
steel, other) and number of twists per fiber length, such as 1-
96 twists and more preferably about 6-8 twists per linear foot
of fiber. The cutting of fibers when in a twisted-together

state surprisingly provides a plurality of fibers that have



with the invention will have curvatures or arches retained in the materi al
menory (slightly bent portions between opposing ends of the fiber) that
vary fromwéobewoto fiber, and this can 25 be achi eved depradicagrepan t he
nature of the material (polymer, steel, other) and nunmber of tw sts per
fiber length, such as 1- 96 twists and bore preferably about 6-8 tw sts per
| inear foot of fiber. The cutting of fibers when in a tw sted-together
state swipffstagt yoprovttiess aapluwsldl idy afpddier suthaindzawh a0 33 Gesd7
PCT/ CA01/ 01025 5 different curvatures as well as opposing cut ends that
can veercthf¥n i iferereieRTe@ons. The unique twisted structure of the
resultant fibers enhances the dispersibility of the fibers in a matrix 5

conposi ti on. sped @81 EOCHRE fred BN RIASY dHYaRldAkadtheiplid ity to
inpart a curvature as a result of the twisting will generate a plurality
of indi BRICES behe dbspewrsdhifenemt e vibtees hécadeiat any given
poi nt: o ;gg i d.f 1.be ”Pg! he § 'v'qﬁﬂl i.ber id.: . _ha

di ffe5r e% uorév%\%%érgsiégélg éﬁ) %e egtsé di fjfrg?dehn% [ assécr{;;ér3 gﬁérreﬁeéso .n’T\ﬁczle

di ffererdbiiibisy o ohepiresa arusenthecause 4 he ity esf athebendstamics evidtl

di fferent ortions of the fiber, length, and the hias properties are such
that th&%h %eaﬁep%%%fﬂa@w’%i%ﬁdp R R otk €1 he

cutting QIOEeSsred NEHdEYEN 05 18} | eveerd K idthe v arahlhg ke P eat ed by
the varying curvatures in the twisted fibers helps to separate the

i ndi vi diandidetle aineividieyl aiideintrbdudwye mid farentatqunvadomessi tdon.

LS4 LPELS AGELIGES LOH e IWIBF QS oheTy st nd bene 5.

fiber stpgwsriadieonsei sdriougiuse Ciid etultes dit Gernda erdfses paedii fiarent

tw sti ngpoogtfgr?s S(g%aé’lﬁ:ies fiber length, and the bias properties are such
that the fibers are naturally biased away from each other after
the cutting process. The inventors believe that the variable

15 Dbias created by the varying curvatures in the twisted fibers

helps to separate the individual fibers after they are

introduced into the matrix composition.

Twisting fibers together provides numerous other
advantages and benefits. One such advantage is the convenience
.20 of processing a high number of fiber strands at once through a
cutter at a high rate of speed. The twisting of the strands

also provides convenience in handling.

In addition to fibers and processes for making them, the
invention also provides methods for modifying cementitious
25 compositions, such as by introducing the above-described fibers
into wet concrete or mortar. The invention is also directed to
hydratable cementitious compositions having the above-described

fibers.

Further advantages and features of the exemplary fibers(
30 methods, and compositions of the invention may become more

apparent in discussion hereinafter.



al so provides convenience in handling. In addition to fibers and processes
for making them the invention also provides nethods for nodifying
cenent i t ivooe2/@s0oTonposi ti ons, such as by introduci ng the poDvaste®ey i bed
fibers into wet concrete or nortar. The invention'is also directed to
hydr at abl e cenentitious conpositions ha®ing the above-described fibers.
Furt her advantages and features of the exenplary fibers, 30 nethods, and
conposi tBminst dbeddael pivants OemyDhecones nore  apparent in di scussion
hereinafter. WD 02/06607 PCT/ CA01/ 01025 6 Brief Description of the

Drawings Fig._1 is a diagranmatic iJllustration .of an exenplar rocess of
the inventiorfi%i gt ¥5i% %%aﬂ?&:ﬁ 54§ q"rjzﬁ'q é# i %e@@rﬁg’ary 5

tw st ed gihessHfot hendraspiitidiventi on made by the process shown in Fig.
1, Fig., 3 is a mathematical sinulation of the three- dinensional tw sted

shape of a 50 nmlong fiber with the fiber depicted in the center and
proj ected profides? Bhe WErmertWwe st bty &l a8 AASHAIGT Yof t he

threes dymhslenalpd sl adid Ialdenad siang of QR0 JiR&Is i th the
fi ber depict ed&i n the center Fgltn proj ecte lprno?ﬁ%e%sm Det aiﬁlce Sesscri ption
of Exenmlarwn Enbddigrents As previously nentioned, the term"concrete"
refers to a 15 conposition containing a cenent binder, usually with fine
and coarse regates._As .used hereinafter, .however, t termis wused
anal ogously to 'e?%rlT o anh%/t eemr‘r—ietn]tcfa%a‘% ous" e telrolnalo,]c‘esﬁ]c r%asreecemsnt

(Port | andimeneidnal nowistted edfiie @nch MBS ol YL ortfi berhivdlt H idey iy be

i ncor porated for purposes of reinforcing .
depicted in the center and projected profiles; and

10, Fig. 4 is a mathematical simulation of the three-
dimensional twisted-flattened shape of a 50 mm long fiber with

the fiber depicted in the center and projected profiles.

Detailed Description of Exemplary Embodiments

As previously mentioned, the term “concrete” refers to a

15 composition‘containing a cement binder, usually with fine and
coarse aggregates. As used hereinafter, however, the term is
used analogously to refer to any cementitious matérial, such as
cement (Portland cement), mortar cement, and masonry, into
which fibers may be indorporated for purposes of reinforcing

20 the material when hardened. In addition to concrete, the
invention is believed applicable to other building product
formulations, including concrete, shotcrete, bricks, plaster,
white-top, synthetic composites, carbon-based composites,
asphalt and the like. 1In a preferred embodiment of the

25 invention, the Portland cement-based formulation is concrete
comprised of Portland cement, sand, and stone (such as gravel

or crushed rock).

Exemplary fiber materials suitable for use in the

invention having desirable performance properties in concrete,



20 the material when hardened. In addition to concrete, the inventionis
bel i eved applicable to other building product fornmulations, including
concret ew@hpo@net e, bricks, plaster, white-top, synthetPCT/Canposi es,

car bon- based conposites, asphalt and the like. In a preferred enbodi nent
of the 25 invention, the Portland cenenf-based fornulation is concrete
conprised of Portland cenent, sand, and stone (such as gravel or crushed
rock). Exedtpl@syrdsberenmd eriahsi Bali dtabdregflor tmegtineddie régivedrian twmvi ng
desirabl e perforpance properties in concrete, WO 02/ 06607 PCT/ CA01/ 01025 7
such as FTRERIFente PHeftd reIBHAFE QUM e + st ittt &° RIS in

pH, and £esh ShANCL; 4 0s MR SEM eroSUfdi ef &t AP hendeing sudhumi erial s useful
for reinforcing building product formulations under standard | oads and

condi t i ohermChaverns ofdes spardind slomdsl 4t gridyiared nf Fwivepfidwls are

therefore . believed suitable for use ip the present invention. . Exanples of
sui t abl em?if%ﬁaﬁ%t%??(gl %Olr:ral{}a]fjﬁ%q ude" M X %Jrrég ﬂo S1So ot r‘%%rlrtl)er:':eefpoolieymer S,
such as 1peol yprepysenealsng f@olyes hyh efiee Fref@rablnywerition.

pol yet hyl ene/ pol ypropyl ene 10 pol yner conbinations will have a tenacity of

about 6.0 to 15 ranms per denier, _a specific gravity of about 0.89 to 0.95
and a stret RN QoS HhE RIS r SRt Jfe ot sl?:%%p“t‘bl‘éog%d‘il%%es In a

pref erredr aspecly Ahotd&od VRNt S ONsu e d i&?I%/MWie%?e %nd
pol yet hyl ene/ pol ypr opyl ene” pol yner bl end ‘excl usi vel/y, and are 15 not held
afo

t oget herpbyyerlyy tgpe. of Preifrsilvly agere . pahee fhiblane afokyrrqnwssm i nvention
ol ya oo it GAMRASE el L Fale t DRt e BPAE S S Ses two
or nore godysepsr (deier podh ypvopyt enegeadity of about 0.89 to 0.95 and

a stretch elongation in the range of about 15% up to about 20%.

In a preferred aspect of the invention, the fiber comprise a

polyethylene/polypropylene polymer blend exclusively, and are

15 not held together by any type of adhesive agent.

The fibers of the present invention are preferably
‘comprised of at least one synthetic polymer (e.g., a
- polyolefin) and more preferably a “multipolymer” blend that
comprises two or more polymers (e.g., polypropylene and
20 polyethylene, polypropylene and polystyrene). While exemplary
fibers of the invention may comprise a single polymer such as
polypropylene, the more preferred embodiments comprise
monofilaments having two or more polymers, such as
polypropylene and polyethylene, or other polymers having
25 different moduli of elasticity. A suitable multipolymer blend
fiber is disclosed, for example, in World Patent Appln. No.
WO 99/46214 of J.F. Trottier et al., which is incorporated
herein by reference. Exemplary fiber material is also
commercially available from East Coast Rope Ltd., of North
30 Sydney, Nova Scotia, Canada, under the tradename “POLYSTEEL”.
Fibers which can be used in concrete, for example, can include

any inorganic or organic polymer fiber which has the requisite



20 pol yet hyl ene, pol ypropyl ene and pol ystyrene). Wile exenplary fibers of
the invention nmay conprise a single polynmer such as pol ypropyl ene, the
nor e prefvedpzebéenbodi ments conpri se nonofil aments havi ngPCWOAOL/0100T €

pol ymers, such as pol ypropyl ene and pol yet hyl ene, or other polyners having
25 different nmoduli of elasticity. A suBtable nultipolyner blend fiber is
di scl osed, for exanple, in Wrld Patent Appln. No. WO 99/46214 of J.F.
Trotti erakkabine wégTdtasce ncotpengtied aderaiabioyi tnefBrence: Exenpl ary
fiber material is also, co rciall vai | abl e from East Coast. Rope Ltd.,
of Nor t ESOPSTRAEDS 'NGVER SUBLE ARG A Ot “ | He A e SO0y STEEL
Fi bers whikbr§ads bendisetlvéft CONCA BE €5yl e eXAMM & r Gals 1 16dnides  any
inorganic or organic polynmer fiber which has the requisite WO 02/ 06607

PCT/ CAOIPQIpREefgns kayl o, reel seabele, etrehgse, afay@tabidstylfst, use in
rei nforcj rat ment.i f i t S. ry. 4 : t he

i nven?i 0%8g¥£¥'g¥/§t%£%$%gﬁ’at g}ﬁi @r%@ﬁ% h&gés:llégp% yol e é|’griés]fa’ @?%&e{)o n;./%st er,
cel | ul ossuch ayonsol@erybyrsne Sapdl yolywth@leaohadre @rrafiedtnee. t her eof .

However, | yol efins such as polypropylene and polyet hyl ene are preferred.
Pol yol ef PALY RS TS el £ oRGrHH THOHE L TR TR oL Eo T d
fibrillatethatedbornformtod, havsoshapesn OfoN aldRSshSpde Sor AdmnsioPns, and
arrays. Fibers may be coated, using the 10 materials taught in US Patent
5, 399, 1951 o8s Hadhiseen g koo an@tarpgyagent ey nay U maatrd 5, BBt of
Ber ke, et ; b I.0g g e [ Furt her
oxere] aryE B et B FRe S P arE b e oty AT bt [R5 Ebget her

di fferemteftbes amdretsplsrtonfosnPaterdS 353 2bd iderBdkull e, alunni ng t he

tw sted fiber bundle rough one or re pulleys or, between rollers to
i npar t tﬁgo?gf%qqrﬁpné{hg gtrength enhanc ment)%oatings).

Further exemplary embodiments of the invention may
comprise twisting together different fiber materials to form a
15 twisted fiber bundle, running the twisted fiber bundle through
one or more'pulleys or between rollers to impart the twisting
shape to the twisted fiber bundle, and then cutting the
resultant twisted fiber bundle to provide separate fibers

having a three-dimensional twist shape.

20 Preferred fibers are provided in “monofilament” form. The
term “monofilament” refers to the shape of the treated fiber
which 1s provided (literally) as “one filament” (i.e. a unified
filament). The term “monofilament” as used herein does not
preclude the possibility that the singular filament may, when

25 subjected to agitating forces within a concrete mix (e.g., one
having‘fine and/or coarse aggregates), break down further into
smaller filaments or strands when subjected to the agitation,
for example, in a concrete mix due to the comminuting action of
aggregates (e.g., sand, stones, or gravel). The term

30 “monofilament” is used in contradistinction from the term
“multifilament” which refers to a bunch of fibers that are

intertwined together or otherwise bundled together such that



shape to the tw sted fiber bundle, and then cutting the resultant tw sted
fiber bundle to provide separate fibers having a three-dinensional tw st
shape. 2W@nBbé@nTed fibers are provided in "nonofil ament " PE€DCADL/TH0ES term
"nmonofilament” refers to the shape of the treated fiber which is provided
(literally) as "one filament" (i.e. a uflified filanment). The term
"nmonofil anment” as used herein does not preclude the possibility that the
si ngul art¢y amevre mluMbhtSZSOQUmm@cE tﬂiila@‘!d%-ti ngr'd oracee WixtdEnt a a

concrete-m x (e. in e an 0 9gr egat & ak down
further IFJ:% an;glki> nén“f1 )&}?? arr?fé Clean U ] ectnélg& ts]tlhaéﬂeng_‘l tation,
for exangending W’t@l’ﬂh@tMK @Izu@ i® dblee oMY iRUATLYy abidd@rmftheaggr egat es
(e.g., sand, stones, gravel ). The term 30, "nonofilament” is used in

cont r adi %?@%ﬁ#%#%@%% hatt2r&ereadn tR i ankht b10Mi ch Fefadts S bunch of

fibers thal @ng .4 niehtnpedyl ogethgt ﬁegﬁyﬁrﬂ%%}W%tOQEt her such
t hat V\D 02/ 06607 PCT/ CA01/ 01025 9 they have a plurality of separate

strands. C(éﬂ’bemia]f@‘ee@xt@ninChudé} band cn Yre afediieabls it Aeythhonof i | anent

or multifil ament n. whet her, ;1one is able to visually discern
t he sep%?%?ﬁarﬁ?nW (g gjc‘gffllam%rgf ehid 11 me). In any event, 5 the

fi bers and nethods of the present invention are contenplated to i ncl ude,
and to be applipsadferted obddimemofdf aﬁmtlmm&rﬁiﬁéﬂmﬁm Ha bers. A
preferred enbodi nent of the inventipn pertain "mul ti mer" fibers.

It is belm%%’op%ylil?fé pFER8RT - | nbentdrieligys akfy St BY ré ARREHP E50 or

nor e1 @i f{RLedupo! ¥{IBE 85 %H&%ﬁé B d ot Hﬁ&ré)fdnppfé/ﬁ&cpyé@ﬂﬁn@&d such
pol yet hyl ene or a m xture of m‘lipropyl ene and pol ystyrene, for exanpl e)

provi de ®deta drixpyre -ofit PeL¥PLe ¢ rajrd g e Hhy e raantd tigtsinemtad x
polypropylene and polystyrene, for example) provide better

pull-out resistance from hydratable cementitious matrix

materials (e.g., ready mix concrete).

15 | The inventors have realized that the twist-imparting
process greatly enhances fibrillation and/or dispersibility
properties of fibers, and particularly multipolymer fibers such
as taught ip World Patent Appln. No. WO 99/46214 of
J.F. Trottier et al., which is incorporated herein by

20 'reference.

Fig. 1 illustrates an exemplary process of the invention

for making three-dimensional twisted fibers in accordance with
the invention. Two or more fibers 10 are twisted together 12
and introduced in a cutter 14 and cut into separate fibers 16.

25 1In alternative embodiments, the twisted fiber bundle may be
stored on a bobbin (not shown) before cutting 14. This would
permit a bobbin or reel of twisted fiber bundle to be shipped,
for example, to another location at which the fiber could be
cut to the desired length. Alternatively, the bundle of

30 twisted fiber strands can be flattened by temporarily

subjecting the cable to a force (such as between opposed



materials (e.g., ready m x concrete). 15 The inventors have realized that
the twist-inparting process greatly enhances fibrillation and/or

di sper si Wonr/g660properties of fibers, and particul arly nmuP€CT/abyemes fi bers
such as taught in Wrld Patent Appln. No. WD 99/46214 of J.F. Trottier et
al., which is incorporated herein by 20 'reference. Fig. 1 illustrates an
exenpl ary process of the invention for meking three-dinensional tw sted
fibers irvldeoordanseas td cdrferddw/entd dmwishwad diibear eunidier S(£Hd are tw st ed
together 12 and introduced in a cutter 14 and _cut into separate fibers 16.

25 In alMESH e erbioidt $e ntigpatth & Reni HsF 89 BERRSuAd S Femodivy on a

bobbi n (1Rt showy, bed prergitijdig, 14 thhisk W ithe P 2 ROPRIN rRiad eel
of twisted fiber bundle to be shi'pped, for exanple, to another | ocation at

whi ch t by fivbiert iool st pends winder thensdesi redtédwgt-h. FAn @xeaples| yrhe he

bundle of,.30 twi sted fiber strands c be fl att.ened by ragil

subj e%ti The Ccaébf%et%mas?%é ce’ osuacﬁﬂz]aoserbe u\/\n/e&elﬁ3 oaglﬁ%ssé%o%{%%&%j/r (%%07

PCT/ CAOMhizin P rohd B )tisd 88 dted dyeas hurdtl d wirsted fankeoburdiee (for
a nonent) to further inpart the twisted shape into the nenory ,of the

fibers. PAHtIEYat | VRISEeEER W stidte MWeeuiti% &% drdde 2 BFEEWSst i ng

strands \pndefn ensd of, £ 998 helpe FPu RNl L rdhed Sdddelisearhe tw sted
into a fiber bundle and subjected to tension by running the tw sted fiber

bundl e alioewntimres ovf nprave buthigyes urktest dregtd ipn,t e il Itey sudtd ngrr anged i n
a serd es.. whereby .the tw sted fiher_bundle is farced,in dj f.f er.ent
di rglc i (s)rr%lsusdf lp/r a%?s?/\hlﬁaensun%aenr % esnesrllo%ns, opfr ispourl < SCLIbtet itu%ge.d JJ.:(? f%“%sa,rtby
t hese nmeasissican %o SEid eswDdtqul 4 idyes haundled drol ivardby tenisiterid aHae
twi sted fiber bundle and, therehy naintain th ,
memory of the twisted shape in the fiber material.
Alternatively, the twisted fiber bundle can be subjected to
heat just prior to cutting to further impart the twisted shape
15 into the memory of the fibers. The twist-shaped fiber bundle
can then be stored onto bobbins for shipment, or may be

directly cut into separate twisted fiber pieces.

As seen in the enlarged graphic illustration of Fig. 2,
many of the exemplary resultant sectioned fibers 16 will have a
20 twisted shape. The curvature of twist will depend upon the
number of twists per lineal foot of fiber. Preferably, the
exemplary fibers of the invention have a flat shape (as shown
in Fig. 2) éuch as by starting with fibers that are extruded
with a flat shape and then twisting them into a rope, or by
25 flattening fibers by subjecting them to twisting and rolling

between opposed rollers.

Fibers that are twisted around with other fibers and then
cut in accordance with the invention may have, whén viewed from
the side, a slight or pronounced arch or (if twisted with more

30 turns per lineal length) even an “3” shape within the separate
cut fiber length. Moreover, an exemplary fiber 16 viewed in a

direction parallel to or along its length (as designated by the



menory of the twi sted shape in the fiber material. Alternatively, the

tw sted fiber bundle can be subjected to heat just prior to cutting to
further iwparossbhe tw sted shape 15 into the nenory of thepCT/Chetr/gL025The

tw st-shaped fiber bundle can then be stored onto bobbins for shipment, or
may be directly cut into separate twi sled fiber pieces. As seen in the

enl arged graphic illustration of Fig. 2, many of the exenplary resultant
secti onagdrbivbars 186 ,wiWillhaweea iZ0itwist édashapefldheecnadvat Giesof endi st
wi || depend upon the nunber of twi sts per lineal foot of fiber, Preferably,
the exéhpharyrsi Berddsh @ﬁélepﬁ&eﬂtﬁsﬂgﬁaw-sgﬁﬁét ggﬁapés(%eéﬁsﬁn%.aﬁ Fi g.
2) suchgasphy kskalt idthaMsibnf,i Baas thiat iar eaaxheydedn vktibnaatlisah shape and
then twisting theminto a rope, or by 25 flattening fibers by subjecting

t hem t odfiifetreny dndmr sitdssg sesinaan BpPddEsr 6F| BEBSIFPREESORRAaRLARE

tw st.ed,_arouynd with other fi ber L.niaccqrd i $h e

i nvent i Sﬁlerrgﬁnﬁ ve,Of\alrchéqne \}‘C{lg\%eé&f r%g%ttttgﬁgds?g%,eEalgri gﬁt ggggg\rl\%ﬁoﬁﬁged arch
or (if twrstiedrwienharoreel 30 aoweans pér Fliigneal, Wwenghhyhewvenrams*S" shape
within the separate cut fiber length. Noreover, an_exenplary fiber 16

U evied FRoALoARloBHas o ZARER B0 GPTERONG Pis tPenSL ot ad CUSBPYRAFEH by

the WO Q2/ ggGQ'é PGY,CAQL/ 10254 bB.arrow at 18), will have, | f it is flat
e

or flatten afirst end 21 having a width di mension (edge-to-edge) that
is greater than a thickness dinension, and thus it can have an orientation

di fferent frémcomssaaiant iaonsxepirdritves 1oL rofethsorBVERS 18 0RE 5 Fhe
enl ahed SAag b SR g e S B Eracsy Cectional kr ol Fes X aken at
porti ongoatn tthewiidierd 16 henditcatdde (@s gat, P9,5020, f21anm@Rtand 1286
twists per lineal foot, and preferably 18 strands using 6-18
twists per lineal foot); and then rolling the twisted fiber
bundle onto a bobbin for shipment or otherwise cutting the
15 twisted fiber bundle into separate fiber lengths (e.g., 5-100
mm) for use in reinforcing a matrix material. Preferred fibers
having a flat or flattened shape will tend to have opposing
first and second fiber ends (after cutting) wherein the
opposing ends have orientations that differ by at least
20 30 degrees (e.g., one-twelfth of a twist or turn) and more

preferably at least 90-360 degrees (e.g., one-quarter twist to

one complete twist).

It can be further appreciated that some exemplary fibers

16 of the invention can have a sinusoidal character when viewed

25 from the side, and more preferably a sinusoidal character when
viewed from'the side at an angle with respect to the line that
intersects the opposing ends of the fiber. However, unlike
fibers of the prior art which are “crimped” so as to have a
two-dimensional wave pattern (see e.g., World Patent

30 Application WO 99/36640 (Published 22 July 1999), exemplary
fibers 16 made by the twist-imparting process of the present

invention can be made to have a three-dimensional curve due to



Accordingly, an exenplary fiber of the invention can be 10 fornmed by
tw sting together a plurality of fiber strands to forma tw sted fi ber
bundl e (av@o02/06805000 fil anents, 1-96 tw sts per |ineal fpOT/CAaNEL025
preferably 18 strands using 6-18 tw sts per lineal foot); and then rolling
the twisted fiber bundle onto a bobbiriZor shipnment or otherw se cutting
the 15 twisted fiber bundle into separate fiber lengths (e.g., 5-100 mm
for use tilne r€adf ofica ot e TRHAV bepdrertwalstdY efterredf ivaenpedhadaummad fl at
or flattened shape will tend to have opposin first and second fiber ends
SIS ke

(after QRRFhHg)LIRET 2B t HET PSS & iEh Gt dhatisdi ffer by
at | easty 20 30-£egrees. (e.g., one-twelfth of a twist or turn) and nore

preferably at |east. 90-360 degrees (e.g., one-quarter twist to one
conplete twist). It can be further appreciated that sone exggl ary fibers

16 of the inAeEeoRiraghy hastelhl Sfdiides axenmraast driibsesn 1\ ¢hes from
the side, ' ' ' d f th
Go b0 PO Bl Sl BE LSS & SV AL AN Uilelle IS oM LN

si de at ‘an ang respec T ne opposi ng
ends of dreldgdes . tdomevel  reptedentdibers of ONFfe hmliitesgr tinmkdactesar e

"crinped" so as tp haye a two-dinensional wave pattern (see e.g., Wrld
Pat ent w%%l?é&%?%ng%%/%mitﬁﬁ’i%éﬁ%’g July 1999), exenplary

fibers 16 nade by the twi st-inparting process of the present invention can

be made to hawe puitriee-shdsmssd Onatisay eartll®AdrM2/d66%e PCT/ CA01/ 01025
12 the fact that they have been tw sted about or w apped around ot her

fibers aVemeretord PRRIGIRUrAZART & i Yook t3ean Y & hewdis@d & i ons.
e L B
while in a twisted fiber bundle configuration and remain
temporarily bonded together, but which can allow individual
fibers to separate when subjected to agitation within a fresh
concrete or mortar mix. Conventional wetting agents are knownﬂ
15 For example, US Patent 5,399,195 of Hansen, incorporated herein
by referencé, discloses the use of wétting agents normally
applied to synthetic fibers to render them hydrophilic, such as
fatty acid esters of glycerides, fatty acid amides, polyglycol
esters, polyethoxylated amides, non-ionic surfactants and
20 cationic surfactants. US Patent 5,753,368 of Berke et al.,
incorporated herein by reference, discloses a concrete bond
strength enhancing fiber coating material such as a glycol
ether, and preferably a dipropylene glycol-t-butyl ether.

Fibers of the invention therefore can be made using a wetting

25 agent, bonding agent, or mixture thereof.

Fibers for reinforcing matrix materials preferably (after
cutting) have average lengths of about 5-100 mm (and more
preferably 5-50 mm); average widths of 0.25-8.0 mm.; and
average thicknesses of 0.005-3.0 mm. It is possible to exceed

30 these preferred limits without straying from the spirit of the

present invention. The length, width, and thickness dimensions



anal ogous to nodel representations of DNA helixes, in cases where a high
degree of twisting is used. In further exenplary fibers and processes of
the i nvemoozegeon bondi ng agent or wetting agent can be uBeTCA01/A023 ncrease
t he bondi ng between fibers, such that they can be cut while in a tw sted
fiber bundle configuration and remain l3enporarily bonded together, but

whi ch can allow individual fibers to separate when subjected to agitation
wi t hin andy esdpercdnas ettee aratrd arf nihe Gdraremtatendlalwetrid ngeagent s are

known. 15 For exanple, US Patent 5,399,195 of .Hansen, i.ncorporated rein
by ref ereiieEm Rt @Dk T e RFglé’%lfeJ%&é'l'ti yggg%feg r‘???rer?&l’l Nl Caﬁplainéjdq?]ﬁ
synt het irga if 4 Derss £ rendedn g 4vel oy |debin rotcemsnt f atine agiidnRstgis of

glycerides, fatty acid am des, poldg_/ﬂ'l | ycol esters, polyethoxylated am des,
non- i onioRk freerram o gl 206 dde ohilee murdfadiben oy 999 tPatneian 5,075 31368 of

Ber ke et. al . i ncor.por at e i ef I.scl - .ef-e, bond
st reﬁs'gt hl%n%%%%c:l nntgo f edr%ec%ach?énrg a{r:a aYenr ealoeigl?éh%zfs c'gan%fg; Im% cs:cgfb?e%n%%,rl%éﬁsd

pr ef er abd yteowipripy | ereatgdgticathd L inrigd setcherhe fRidvemsiraintt herposentdfon
therefore can be nade using a wetting 25 agent, bondi ng agent, or_ mXxture
ther cof LS BRFEs g ITHISHONT g riet i 5E ot H1o SrErarb sy (ardr one

cut ti ng)shames Ve a8, hengtdti Ar 80015, HIO 1aL@ndi oS yuiref eral).y 5- 50

nm ; average w dths of 0.25-8.0 mm; an average thicknesses of 0.005-3.0
mm 1t i& “posbiipel e dXc delersted Heagetdraaf eedl itaass Wihshant€ratayd ng
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fiber matendratitanshsisest ciontrenpd st £k (udh ,apagradefien opdhyarimde st eel |
etc.) and the matrix material contenplated for reinforcenent. The unique
and If pulleys or other tensioning devices are used to further
impart the twisting shape in the fiber material memory, it will
be impottant to use sufficient force without shredding the
15 fiber material to the point at which the integrity of the
individual fibers in the rope is lost. For example, a series
of pulleys may be arranged in opposed arrays through which the
twisted precursor fiber bundle travels serpentine-like, and one
series of the arrayed pulleys may be connected to weights or
20 springs that exert adjustable tension on the twisted fiber
bundle. If rollers used for this purpose (e.g., such as to
flatten or otherwise compress) the twisted fiber bundle, then
the distance between the rollers must not be such as to shred
the individual fibers constituting the twisted fiber bundle.
25 As polymer synthetic fibers are generally provided having
equivalent diameters (or thicknesses) of average 0.5-1.0 mm,
the rollers (e.g., steel rollers) may be set apart at a
distance somewhat less than this (say about .01-0.3 mm),

depending upon the nature of the fiber material, ambient

30 temperature, and other processing conditions.

An exemplary method for reinforcing hydratable

cementitious materials comprises: adding to a cement, mortar,



novel norphol ogies of the fibers of the present invention are 5 intended to
be used over a range of fiber and matrix materials, although the greatest

chal | engavanziogshe pr edom nant purpose of the present-i nvROT/CAN/W1923 O

provi de fibers having at | east one synthetic polyner, and preferably at

| east two polynmers (e.g., a "multipolyler") blended together, or at |east

one synthetic 10 polyner and steel blended together, for reinforcing

hydr at abtemegeneht ] tddDuSonatet mbk etday sosuedt jas Tonat edmowrt shotecr@&e. | f

pul 'eys or_other tensioning devices, are used to further inpart the
twisti ngféﬁa}bﬁé Y‘hl‘frﬁ% 3 bE]ge n‘é‘?‘é‘?’i‘%%th%%r’%?“?lfl%&fd te}bee ?%‘iﬁ't ant to use
suffici egtsdpIcEa iyt shr eddipg shecHd fhheit 16 er ile t@ehdif: ROidUls at
which the integrity of the individual fibers in the rope is lost. For

exanpl e, cempesieion ofs puhtryBiney be eprakycd ¢NGpPPosedi@rtals Athr ough
whi ch:t h W St ed, precurso i . V. nt.l,ne- 1 1.ke d one
seri eg o§a§%% ¥ a%fgd&%h?ﬁ ejé/gé n%@élbg%g%%}ﬁe%{%%% gbg\;\éélg%tésdggsret% saplrl gs
t hat exedisad]bsted! eniLosndn ohrdhehdwt sties-fiber Theinoise.id ftheol least used

for this, purpose ( such as to flatten or otherw se conpress) the

e 9.,
twisted tibRra beidFeIUERRRCNt Ak BFEFGHAES betlelh RIREF ALY s Thist not be

such as £9qsP1&d ahbent ndkVvEdyalsfibessosonssiddiing dhe hyested fiber
bundl e. 25 As pol yner Is)g/nt hetic fibers are generally provided having

equi val epreficapieter@. $of . Ohvekntsskeajedfomvidrageoncselie 0 mMhe &H@nrol | ers
(e. gl?ss\t &§ fi?ﬂ%ﬁf%n'g%nﬁgﬁsS%ﬁdaf’é‘féré‘tté adl‘t]éﬁr?]tg% 1 SPMENN tak# ess than

this ay abou ependr ng upon the ure 'of the 1’ ber
mat eri al yaalrpi £nb1 360k | eapeeaghante, ofng oétetnit@oesEl Nga qoiek t ic@ns. An

exenplary nethod for reinpforcinpng hydratable  cenentitfious terials
conpri SeBOT U AL 1 G EbhoRRO I REFEHRS Yior 037 §E0 P B AR b doana Ly
or the like.
The invention further provides hydratable cementitious
15 compositions incorporating the above-described fibers. The
composition can be provided as dry mix of the fibers in
combination with a dry binder (e.g., Portland cement), or made
by incorporating the fiber or fiber bundles into a wet

cementitious mix and allowing the mix to harden into a

20 structure.

For application into a concrete matrix material, as one
. example, the plurality of fibers or fiber bundles may be
further packaged together within bags or containers, such as
Grace Concrete Ready-Bag® packaging available from Grace

25 Construction Products, Cambridge, Massachusetts.

Example 1

Multipolymer fibers were tested for dispersion abilities
in fresh concrete. A control sample was first tested, and this
comprised monofilament fibers of approximately 3000 denier

30 (e.g., 3000 grams per 9000 meters) of polypropylene/poly-

ethylene fibers having 50 mm average length, 1.15 mm average



cenment mx, or concrete mx (dry or wet), in an anount of 0.05- 15% by
volume in the cenentitious materials, the above- described exenplary fibers
of the i wen2o@n? The cenentitious conposition is then nPgEEADLOIORE ai N a
concrete, nortar, or 5 paste mx in which the individual fibers becone
substantially distributed uniformy thHSughout the mx. The mx is then
cast into a configuration or structure. Mre preferably, the addition

amount ofiddmersnd SO 395mb. vl gdthinckrmere.  prefsy ablne s Weddd adledt
based on, t he concr ete The term 10 "configuration" neans and refers to a
f oundat i Ih,2h AART LT \Wad 1 k9 LIk DR eI Betesaidh rPRRASte a

pipe, orip pcPrrﬁ:l'h PhPfasuk Mitn i feerd NRITHSISH L pdY IR tdeClitprfyunnel ,
or the like e invention further provides hydratable cenentltlous 15

CoNposi tI’lDriSDolnommmmmafgelYlel ai)dmldmrﬁdoeﬁﬁéd bers . filers ch)mkwctl on can
be prQw d d

(e.q. %%Iﬂt?gf%ye E@l}f ncro“}cg%rat rlhon i-)r,{“wét &J‘g) orb:c ng

bundl es cﬂiﬁacp;aeamﬁéd ;cﬁmntmé|mu5fme< Giglewe::] |dIWldf]zga’dé'1@nJm X 3 endigy den into a
20 structure. For appljcation into a concrete matrix material, as one
exanpl e, MHESY RAITIHIRY FRMRrCHTE$der bundl es may be furt her packaged

together within bags or containers, such as G ace Concrete Ready-Bag(r)

packagi ng avarﬂ@hé&qéf@@é G pceure RN Letdan RrdugdseoGadididee00 |
Massachusetts. Exanple 1 Multipolyner fibers Wwere tested for di sper si on

abi | i ti eblsreizedcbones e<t>3é kit rof Sdmre (Rsidl rsrgetdsed wedd this
co S gr's of approxi mately 3000 denier 30 (e.g., 3000
s peri o0 heflrly Hh i |

grans per poI ypr opyl ene/ poI y- ethylene fibers havi ng 50 nm
average |length, 1.15 nm average
The mixing drum was then emptied and the process was

repeated, but this time with the three-dimensional twisted
fibers of tﬁe invention. 63 kg of the three-dimensional
twisted fibers were added to the drum of the Ready Mix Truck,
15 ‘which was filled with 7 cubic meters of concrete, within 1.5
"minutes. After 5 more minutes of mixing, the concrete mixture

was examined, and no clumps or balls of fibers were seen.

Thus, the invention provided advantages in terms of
increasing the dispersion characteristic of reinforcing fibers
20 and also in terms of avoiding clumps or fiber “balling.” The
fibers may be introduced into the concrete mix, surprisingly,
without being coated (e.g., with wetting agent or dispersing

aid) or pre-bundled using dispersible packaging.

The foregoing examples are provided by way of
25 illustration only and are not intended to limit the scope of

the invention.



WO 02/ 06607 PCT/ CA01/ 01025 15 width, and 0.38 mm average thi ckness. These
fibers were added in an anpbunt of 63 kg by hand into 7 cubic neters of
concret e wodn2/eseni xi ng drumturning at 15 revol utions per PCTVGAelr§uopir). |t
took approximately 1.5 mnutes to feed the fibers by hand 5 into the drum
of the Ready M x Truck. Once the fibersl6 di sappeared fromthe surface of
the concrete mx, 5 nore mnutes of m xing then occurred. The concrete

m xt ur e GEFsIMXam ned, and approximately 200 fist-sized clunps or "balls"
of fibers (stuck together) were 10 visually identified. The m xing drum

was then enpt t he process . repeated, but this tinme with the
t hr ee- dlnen5| halaﬁa?%f% ?l?ﬁﬁ%ﬁg% SISt Son . CEPRE 1B *t e
three- digmnsd Oay ot W Sh&es fideirsy Wt exvasaest tierddig drum-afoot e, Ready M x

Truck, 15 which was filled with 7 cubic neters of concrete, mnthln 1. 5

M nut es.avErage Uik of ritds o0 A% My aYRE g dEcEkNaSa @fe 0 H5-3.
exan fied,y an, §oe £L 1M, 7o DAL E Hodd AP HLIR S5AN ThiSm i o
ddva |sp

provide ages In terns creasing the rsion characteristic
of rei nfrorciimgn filbersbe@eandhatisw ian therews-difmensiiatialg telistps or fi ber
"balling." The fibers may be introduced into the concrete m X,
surprisingly, ein ated mnth ent or _di spersing
aid) or pre- b%.rndl e %S}Fﬂ% spersllaollri%pq”’c}k aﬁ?é:#]lgfr eg&nﬁlg efarﬂ) es are
provi detogpyoy@y eid2Seddh usdFatviadtoHnd aﬂdlca{r@smtdmmmm twddH mt the
scope of  the inventjon. WO 02/06607 PCT/ CA01/01025 16 CLAI ME:

‘ width dimensions exceeding thickness dimensions, said widths of

10 said first and said second opposed ends being twisted and

thereby having different orientations.

3. The fibers of claim 2 wherein said widths of said
first and second opposed ends are oriented in directions that

are non-coplanar with each other.

15 4, The fibers of claim 3 wherein said widths of said
first and second opposed ends are oriented between 15°-720° out

of phase with each other.

5. The fibers of claim 4 wherein said widths of said
first and second opposed ends are oriented between 15°-360° out

20 of phase with each other.

6. The fibers of any one of claims 1 to 5 wherein said
three-dimensional twist comprises a curve in an “x” direction
defined by the width of a first fiber end, a curve in the “y”

direction defined as perpendicular to the “x” direction.

25 7. The fibers of any one of claims 1 to 5 wherein said
curved fiber bodies are twisted in two directions with respect
to a line defined between said opposed first and second fiber

ends.



1. Fibers for reinforcing concrete, conprising: a plurality of fibers

havi ng an average |length of 5-100 mm an average width of 0.25-8.0 mm an
average wWookxmess of 0.005-3.0 5 mm and first and secondroppaseaioghds
defining an internediate portion therebetween having a three-di nensional
twist. 2. The fibers of claim1l whereiin7aid first and second opposed ends
each have wi dth and thickness dinensions with w dth di mensions exceedi ng

t hi ckness di nensi ortse Sidbaks i fltdisaiol 6l Grisated if ig=8itd audveal dbaEeenhaapposed
ends being tw sted and therejgé/ having different arientations. 3. The

fibers UM ietlei A IF W dIREDE S diide iwidth ignh Fadee e Gipdaed

ends areorégited in directions that are non-coplanar with each other. 15
4. The fibers of claim3 wherein said widths of said first and second
opposed ends are oriented between 15-720 out of phase with each other. 5.
The fibers of9cl aithe ¥iHesrs wiany vk i ofladaisd 1 fia & vl eside &d Dbpposed

ends Qare-.qrlent tyween 15-3 of,. . A C ther. 6. The
fi ber5§ ?%%@Q o('ﬁo(elnfg lyc?a%knsﬁela% Og%mhsefn g':llrlnéctsl!;gl~| %ﬁﬂlﬁ)mee{'f- %‘ﬁ:ng Y % %Cna PSwi st
conpri sesetaalurate lendin ond abmmotiton maefriedd by teheniwtdide dfheardafr.st

fiber end, a curve in the "y" direction defined as perpendicular to the

"x" directio 25 1. The fiber f any. one of, cl ai, to 5 wherein said
curved fiber n‘i)%‘di eglmargle}?%ﬁsst (fcﬁﬁajt%g rh’eercet]irbr1gsa”\rgstttj‘i‘]Ore&:Speccofmprtlosea 4% ne
defi ned hetyeerysapsh gpesaschdidist sHih seiguvk fdhelopaands.va\@ D2/ 06607

PCT/ CA01/ 01025 17 8. The fjibers of claim®6 wherein said curved bodi es have
cur vat urfeiP g hktataryhen oyl eeied &9 i 3Bt/ EMH s d FPaitalGigrs mix.

10 11. The fibers of any one of claims 1 to 10 wherein said

fibers comprise a mixture of at least two different materials.

12. The fibers of claim 10 or claim 11 wherein some of
said individual fibers within said plurality of fibers comprise
at least two polymers and are operative to fibrillate when

15 subjected to agitation in a concrete or mortar mixture, said
fibers being partially fibrillated{at either one of said ends

or within said intermediate body portion between said ends.

13. Tﬁe fibers of claim 12 wherein some of said
individual fibers are partially fibrillated within said

20 intermediate body portion.

14. The fibers of any one of claims 1 to 13 wherein said
fibers have twist-curvatures corresponding to 6-5000 fibers
having been twisted together into a twisted fiber bundle using
1-96 turns per linear foot to impart memory of twisting into

25 the structure of the individual fibers comprising said twisted

fiber bundle.

15. The fibers of any one of claims 1 to 13 wherein said
fibers have twist-curvatures corresponding to 6-5000 fibers

having been twisted together into a twisted fiber bundle using



of fibers. 9. The fibers of any one of clains 1 to 8 wherein said 5 fibers
conprise at |east one synthetic polyner, at |east one netal, at |east one
conposi t avomr/@wdal , or a mixture thereof. 10. The fi bers PET/CAai/mMOS wher ei n
said fibers conprise at |east two polyners whereby said fibers are
operative to fibrillate when subjected&o agitation in a cenentitious m x.
10 11. The fibers of any one of clains 1 to 10 wherein said fibers

conpri sela9@i kiitii® fr atihemstfdoo of ffEsentlarmiter iald.sudctlBwe Hd bers of
claim 10 or claim 11 wherein sone of said individyal fibers within said

pl ural i t e PR HRF SCUBMHT TSV at O T et 42 P BISFer AHfdire Yperatdthidd o

Fibrillale:yhene lor SubE@ed edr 1o Q01 A @Y QLA D BIGONCT RInHo 1 s TR i dN Xt ure,
said fibers being partially fibrillated at either one of said ends or

wit hin sevidsted ef el dvwendlorly portion between said ends. 13. The fibers of
claim12 wherein sone of said individual fibers are partially fibrillated

W thin said i i ortio . The fiber ; Q"Qﬁ f
cl ai rrgfs] lto 1%&/\#12#%% rr?gg(?fdse ?fg%r}g ljg%/e&% V\#f%l-r%slﬂu?lve#téa?lei V@{oerr?%)shpon |Oﬁg to
6- 5000 fpdkymserhavi tige beeanrd wi kb edl T gt e mond ol leanani tstEibdider bundl e

using 1-96 turns per_Jinge foof to i t menory of tw sti i.nto 25 the
Str uct ur @OFa T HES | el YTt L3 et & ST ST he SRR ST Ern T BESbundl e.
15. The fibessc@fiany presfcehatéBe lot Gndidawerieih said fibers have

tw st-curvatures corresponding to 6-5000 fibers having been tw sted

together into a twi sted fiber bundle using WO 02/ 06607 PCT/ CAO1/ 01025 18
1-96 turns pet’tinek® FHRTDIOFiPRY PehiRh FRLRub} @ kP trenussiThibr

COMPL@SSEYEFOTSES P SANGACENL DL IBRAPLY Of tWh U4 NMbre fibers, said

bundles comprising fibers of at least two different materials.

18. The fibers of claim 17 wherein said fiber bundles

comprise synthetic polymer fibers and metal fibers.

19. A process for making fibers, comprising: twisting
15 together 2-5000 fiber strands to form a twisted fiber bundle to

impart the twisted shape to the memory of the fiber material.

20. A process for making fibers, comprising: twisting
together 2- 5000 fiber strands to form a twisted fiber bundle
to impart the twisted shape to a memory of the fiber material,

20 in which component fibers have an average length of 5 — 100 mm,
an average width of 0.25 - 8.0 mm, an average thickness of
0.0005 - 3.0 mm, and first and second opposed ends defining an
intermediate portion therebetween having a three-dimensional

twist.

25 21. The process of claim 19 or claim 20 additionally
comprising: subjecting the twisted fiber bundle to tension or
compressive forces, or heat treatment to further impart the

twisted shape to the memory of the fiber material.



into the structure of the individual fibers conprising said tw sted fiber
bundle. 5 16. The fibers of any one of clains 1 to 15 wherein said

pol yneri ovootesss7 are fibrillatable nonofilanment fibers opeT/apdyveltd
fibrillate into smaller conponent strands when agitated in.a fresh
concrete or nortar mx. 17. The fibers1& any one of clains 1 to 16 wherein
said 10 fibers are arranged into bundles of two or nore fibers, said

bundl es conpr2sj ngrié hetrscods ab £ |&ﬁﬁtoﬂd\mﬂldﬁﬂnﬁ1tlmﬁicer21alv&1eﬁb&n Thee
fibers of claim17 wherein sajd fi ber bundl es qn.:‘@g)rrprl se synthetic polyner

fibers anttsetdl firdperrundbe 18 prokkrd ¥tbers, conprising:
tw sting 15 together 2-5000 fi ber strands to forma tw sted fiber bundle to

impart the twstedisdapeotdss ner BIprondfof heldiner smieri BlyheR0n Ahe

process for naking fibers, conprising: twsting together 2- 5000 fiber
strands telfiedn Bikew srendie bty puhdie PRV idpararatrte iR dwaped o a

menor  fiDbe i 2 i ch conmponent fibers have an average
% O%h%é% %_ eﬁsf@ﬁgi 9wist Qh§§d¥ﬂ

| engt an aver age of 0.25 - 8.0 nm an average

t hi ckness of O. 0005 - 3.0 mm and first and second opposed ends defining an
i nternedi ate pbrt iﬁmtﬂnmedaeﬂsmﬁnclwﬂhr@l GWHEh!T@e’} Baehsivisied tfiikstr 25 21.
The process of claim19 or clajm 20 addjtion ‘é corrprl sing: subjecting

the twi st FFbET BemTHeRed PoHY oh BFELTH Forces, or heat

treatment to further inpart the tw sted shape to the nenory of the fiber

nmaterial . WO §2/ 0660d HPEI¢EAD16D10PHIm 191 A2he ddten P DLE SSw 1t N YE i3k Of
clains 19 to 21 wherein the twi sted fiber bundle is rolled onto a bobbin.

23. The PreRbesidfcappronecdsPetueem 4P tePb4ekherein t he
10 26. The process of any one of claims 19 to 25 wherein

said twisted fiber bundle is heat treated.

27. The process of claim 23 wherein the twisted fiber
bundle is cut to provide bundles of twisted fibers operative to
separate from said bundles when introduced into a matrix

15 material and agitated within said matrix material.

28. The process of any one of claims 19 to 27 wherein
twisted fiber bundle strands are coated with a wetting ageht,

bonding agent, or mixture thereof.

29. The process of any one of claims 19 to 28 wherein 2-
20 25 fiber strands are twisted together using 1-96 twists per

linear foot of fiber to provide said twisted fiber bundle.

30. Method for modifying a hydratable cementitious
composition, comprising introducing into the matrix material

the fibers of any one of claims 1 to 18.

25 31. A hydratable cementitious composition comprising a
cementitious binder and the fibers of any one of claims 1 to

18.



twi sted fiber bundle is cut to provide separate fibers having 5

t hree-di nensional tw st shapes. 24. The process of claim 21 wherein said
tw sted wé@eroeshundl e is tensioned using a series of pull RgECARBO10THe
process of claim2l1 wherein said twisted fiber bundle is conpressed
between two rollers. 10 26. The procesW®f any one of clains 19 to 25
wherein said twisted fiber bundle is heat treated. 27. The process of
claim 23 vvhermn thicb ¢ 16 Shadgu fadoerred wdicerd isnge to tidh gp noonad ctkes shwrfd | cdsa iod

tw sted bers 0 erqééve to separate from said bundl es when introduced
into a r?& A5 Hhterial and agitated within said matrix material. 28. The
process of any one of clainms 19 to 27 wherein tw sted fiber bundl e strands
are coated with a wetting agent, bonding agent, or m xture thereof. 29.
The process of any one of clains 19 to 28 wherein 2- 20 25 fiber strands
are twi sted together using 1-96 twists per linear foot of fiber to provide
said twisted fiber bundle. 30. Method for nodifying a hydratable
cenmentitious conposition, conprising introducing into the matrix materi al
the fibers of any one of clains 1 to 18. 25 31. A hydratable cenentitious
conposition conprising a cenentitious binder and the fibers of any one of
claims 1 to 18. WD 02/06607 PCT/ CA01/ 01025 20 32. Fi bers manufactured
according to the process of claim 19 or claim 29.



