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1 REINFORCEMENT FOR CONCRETE ELEMENTS AND SYSTEM AND
METHOD FOR PRODUCING REINFORCED CONCRETE ELEMENTS

WPHEESRIt invention relates to reinforcement and a Sreinfergenoents/ 000395

system for reinforcing concrete elements. Further, the invention relates to
a method for producing such reinforcelment and a method for fabricating a
reinforced concrete element. The reinforcement comprises at least one

elengawcioresting formed:of assmalieskonumber of single fibre; Hlaments
which tgggm%ﬂevgg,% QB&%@H'%@}%}%@E%QHQ may preferably be

coated with a particle shaped material; stich as sal\ﬁ"db,lﬁe sand being
adhered on to the exterior surface of the string. Further, the invention

relates toreemethed for conereting15suchdeinfercedbooneretaglementsy
ItEﬂ@ﬁé@gm%tggg.gé%}ezgg:ucrtures are reinforced using steel in such

way that the loads andl forces are fransfetred fram the-oicrete B fHe" =
réinforéément: Himing’ &5:6beiin sestrbcBre wherawid ootetmsionalddad and

forced are takenrhye then reinforcement hwhile sempyessivedeads and forces
are taken by the concrete itaself,_jtandard length Of reinforcement bars is
12 metres and tﬁe thickness ma evafydk%t?/veeeg 06 Thm to Mm-S <2
oBViot§ R4t Sich SRt dRmEnSioNETepredart aL25mifge Weightsmrml ler
rigiditys making itdiffieulf 1o hantlle anerplace the-reinfoseement -avide a

strugtige S\Whenplasing thereinforcem S reinforcement.bars
must be Sre-bent and then tied tog%?e??#%gfs%%%%%%ignwgrgje? pﬁgg'éc ﬁ%[{e

r&infotcBmant in SeGichE iR I8t forcés 8Dafs eRpdcted e Whitse
|drgen terigths areltebe reinforcet; the teinfercement bafs Mststring.

ovedapped eggh othek transferringnarmal stresses,and S‘.g&_si%%%%et%ng
e

sggg[lforcg%%%rgg h the concrete from one bar to another. Welding of t
bars is 354186 PossiblE “Eonvertisnal i85 reinforcement requires, as a
generallrbile; & ¢ncrete coverayeofatrieast-30 simyudNQres are

2007/353038P G FNQ2Q06/000895% uch way that the loads and

forces are transferred from the concrste to the
reinforcement, aiming to obtain a structure where tha
tensional load and forces are taken by the reinforcement,
while compressive loads and forces are taken by the
concrete itaself. Standard length &f reinforcement bars is
12 metres and the thickness may vary between %6 mm +o 48
mm. It is obvious that such steel dimensions represent a
lgrge weight and rigidity, making it difficult to handle
and place the reinforcement in a structure. When placing
the reinforcement of steel, the reinforcement bars must be
pre-bent and then tied together in a shuttering, in order
place the reinforcement in sections where tensile forces
are expected.

Wnere larger lengths are to be reinforced, the rein-
forcement bars must overlapped =ach other, transferring
normal stresses and tensions as shear forces through the
concrete from one bar to another. Welding of the bars is
also possible. Conventional stesl reinforcement reguiress,

as a general rule, a concrete coverage of at least 30 mm,
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2 while at the same time, large concentration of tensional forces are
experienced in the surface edges of a concrete structure. Hence, cracks
may readily appear in these areas, making it possible for water to
her&trdE#to the Sconcrete structure, corrosion attacking tHé ERE@p006/000395
reinforcement. Such attacks of corrosiog increase the volume of the
reinforcement beyond its original volume, producing a tensile force and
possibly causing sballing. It is well known to use products of carbon fibres
as ¥ofelrfcrEerment, seittrer elhisedded recomuretebr gluethtothe tsurfatena 1
of axsenerete Hody:pe -Eem dhe applicants.own WO03/025305 Alca o e
method for fabricating reinforcement elemeng.f?r concrete is known, the
reinforcement comprising elongated. preferably con: 15tmtiond fibrs >
buridlgs df caityar fibies, ipradrated withva meatrixcofgitasticataterialsp the
whishrihestis csired.cEhe fibre-bundle; which camprises-a.very-arge
nu single fibres, is subsequent to the impregnation and prior t
cu rlrglgﬂb%ﬁgﬁpﬁﬁg a Ega%ﬁgco%‘fé%i’n@sa %gartcl:éié %%%%%%ea‘?ﬁgt%%‘?’af stL?C%
as $andMhich &8Rered D Re SUrfice dfakietibré bundic withedt tooamyrs
extenb penetrating irhetweers the-vadeus fibees: The particke-shaped 1 ng .
material is fixed tg the syrface during_the curing process, thus forming the
reinforcqﬁéntﬁglegrr%é’r?t. g{él%%gléiég. 1“5%@3%?/\?5@59?(%0% ?é?inFoargngr%%n %%ﬁr’%- =3
stré&séd- conErete Strugtures IwRBREESB op TefiTBFeetiientdorapisss to the
several resin afpregnated glasiibre. strings, the cross section area of
each loofy belng creaser b means, of RTREAg SUNOSOT resin.. o

impregnated glass 30fibres which are closely connected to each loop.
FE-FTE0565 dis8I0sess GBI rdinfot CaIMBRBfoTBirBreeBCohCHEte Mo,

thecfornrofia flexibieband dvaming aihigh smadide iof elasticitye The band-s-
arranged . ayound at leasetwa rejaforgement bags and each end gt the ...

band 35js tenfsioned in order to form a loop around the reinforCe- ment
baﬂf%gﬁﬁhﬁ)aﬁbﬁf&&ﬁh&ﬁﬁﬁﬁlalg’ which then is cured. The

fibre bundle, which comprises a very large number of

or

Fh

single fibres, 1s subsequent to the impregnation and prior
to curing, brought inte a bath containing a particle
shaped material, such as sand, which adheres to the
surface of the fibre bundle without to any extent
penetrating in between the various fibres. The particle
shaped material is fixed to the surface during the curing
process, thus forming the reinforcement element.

NG 138.157 shows a loop reinforcement for pre-
stressed concrete structures, where the loop resinforcement
comprises several resin impregnated glass fibre strings,
the cross section area of each loop being increased by
means of reinforcing strings of resin impregnated glass
fibres which are closely connectsd to esach loop.

EP 1180365 discloses a flexible reinforcement for
reinforced concrete in the form of 2 flexible band having
a high module of elasticity. The band is arranged arcund
at lease two reinforcement bars and each end of the band
is tensioned in order tc form a loop arcund the reinforce-

ment bars, forming a rigid connection.
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WO 2007/053038PCT/NO2006/000395 3 It is known to construct
concrete floating piers made up separate, independent pier elements,
wherein pairs of pier elements are connected together at their corner
WEOROFEBRPs purpose a vertical recess or notch is arranged Al 8H1906/000395
corner of each pier element together with horizontal ducts, extending from
the recesses through the element wall ahd out at the end wall of the
element. Horizontally arranged anchoring means extend between said

recess at each glementthrough said-duetsdn.orderto t0assembleards made

Because of the_recesk?eg and E:baei rs of

interconnectT’gwogler,elgén%%?bﬁ Because of the r €
duct® eXEhESther is @xposed to farge tensile forces and foads. Hence, it

is necessarydogainforcetheccorhersand s sBefforRs stdUAdITY ther
recesses-heavily. +n: Said:eomer areas havejurovedde Heswulnerable,is
however, and the conctete is crushed in spite of heavy reinforcement, Cth
whett the | er ejrenmgﬁfsl:h are’exposed toel%%e ?@“d’dfs Sndr?gl?lces. Trﬁe ej: o
problem &ybé sblvBeFisthat ¥k suditoh ©F 20meiftalifng 2ofigh degreg o -1e
tensile-steengtha low weightand: hightresistanea againstcosrosiemto t .

ensyre, ‘%qucaﬁﬁggthigmggjggeg .even at high temperatures, such.as . ; 4

for é"xa{:mlpl%h‘temp afures by fires of high intensity. 25A further
probleRttFhe tsAIPed i I iRtEass # BlodifctionTats Whigh Srodtcing
the reintorgement asisuchrand atso-for providing tallererade

reinforcement solution, while reduging:substantially the-requiterenisdoner :s

investments in production facilities and machinery. 30A still further . |
prolfigRPRSBe SBIvVEtFiso redtice the ¥xfsHt o and thetime Teqfred for —°
laying the: reinforcement fothosetinstances sureranviord:or fesgtions
complicated tailor made reinforcements are required for various

structures. 35An object of the present invention,is, thus to provide
Said corner areas have proved to Le Inerable,

nowever, and tThe concrete is crushed in spite of heavy
reinforcement, when the pier elements are exposed to large
leoads and forces.

The problem to be solved is that, in addition to
maintaining a high degree of tensile strength, low weight
and high resistance against corrosion to ensure, good
strength is maintained even at high temperatures, such as
for example temperatures caused by fires of high
intensity.

A further problem to be solved is to increase the
prodﬁctiom rate when producing the reinforcement as such
and also for providing tailor made reinforcement soluticn,
‘while reducing substantially the reqguirements for
investments in production facilities and machinery.

A still further problem to be solved is to reduce the
extent of and the time required for laying the reinforce-
ment for those instances where more or less complicated
tailor made reinforcements are reguired for various
Structures.

An object of the present invention is thus to provide

a reinforcement system for concrete having ilmproved
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a reinforcement system for concrete having improved WO
2007/053038PCT/NO2006/000395 4 properties, giving the structures to

“P(? %g%%jgngroved strength and increased life time, and at the same time
re ucm@ & need for maintenance of the concrete structuré’éjﬁ%(a{?@@ﬂ{.m”"

5A further object of the reinforcement system according to the invention is
to prolong the structural load carrying capacity of the concrete structure if
the concrete structure is exposed to a fire. A still further object of the
relpereertert sy st Ioaddording 1o e imertionds to providems sinsple
angk-flexiblerreinfarcementsystem; naking it passibledo-adapt and tone
dirlneensign rfhearﬁé”f%’r%e %QL s%sgemttgo comglicageg,sgrucéurgl e!:eaments.
A stlﬁlPurtlhe? object of the Téin drcjépfné”r?taslﬁ/% em'is 0 brgwae F i
refiféreemerit iR ds Sirfiple to lay for the operator and eliminating at
least partly heavy sranualdifting activites - T he abevgdnentionad.gbjects
are achieved by a reinforcement system and a production method as .
furgtﬁ%eép 5 éégfl?néécf in"the cngr%%%ér%ng Ba%toofp[f%%?&gpgr?fenﬁb éﬁ%s%“m
Preféfed @RTBOHIN Rt BF e/ irvention afe Wefingd if e fdependent e
claims: Avressential element instheoreinforeementisysstem according to the

of contntos Hbre. 1or Sxamiie Tade o carbob oy Basaic SrmbedHa 1

a RTAX WRETeR? the P opHEEUred s ubdeftieRER Timatioh dHthe 1666

antl wherdin the lodp is-eaated by atayer ofparticleszspelx asdoeexampleact

SQQQijglagﬁéﬁgﬁon’the reinforcement system to complicated
structural ealements.

A still further object of the reinforcement system is
to provide a reinforcement which is simple to lay for the
operztor and eliminating at least partly heavy manual
l1ifting activities. '

The above mentioned objects are achieved by a
reinforcement system and a production method as further
defined in the characterizing part ¢f the independent
claims. Preferred embodiments of the invention are definesd
in the indspendent claims.

An essential element in the reinforcement system
according to the invention 1s the use of ¢losed reinforce-
ment loops made of a plurality of continucus fibres, for
example mades of carbon or basalt, enmbedded in a matrix,
wherein the loop is cured subssquent to formation cf the
loop and wherein the loop is coated by a layer of
particles, such as for examplse sand. The loops ars
preferably elongated and mey either be in the form of
closaed loops or elongated winds, arranged in longitudinal
direction and corresponding lcops or winds in a transverse
directien. The semi-circular snds of loops or the winds
are configured to function as an end anchoring the
reinforcemant. The effects of the loop reinforcement may

alsc at least partly be achieved by providing a helical
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30preferably elongated and may either be in the form of closed loops or
elongated winds, arranged in longitudinal direction and corresponding

loops or winds in a transverse direction. The semi-circular ends of loops or
tHE FANESYP8 configured to function as an end anchoring the? ¢ TNO2006/000395

35reinforcement. The effects of the Ioop5reinforcement may also at least

partly be achieved by providing a helical WO
2007/053038PCT/N0O2006/000395 5 reinforcement. When such helical
reinforéefrent ssembeddedninTifed kdhtrate, thicl hélesl seRitdrcementedded

will function-as adnuti=dal reinforeement. reWherusinghithesi11 function
reinforcemer‘% according to the i{uventtion, abrupt or sudden concentration
a3 a mplifi—-axia 2inforcenan

of forces will to & much less &eg?eecagpé‘ar'in the region of the ends of the

reinforcent&reNIf it HéceSSary o j6IRT tierdinfaree-"metd, cohvetttioralr =nt-
overappingamaybe applieccemespending ta the tragitionatsteelv:i 1l to a
reinforegment. The major 10difference is that the forces from one., ¢ ¢
reinforcement element is transterred to the nelgqﬁbourlng reinforcement in
that in-addifieants transfer of shearrstrin betiveén the vémforeemertintorce-
loopss @:lpcahearmpression zene is established in the gppcrete between

the ends of o Soverlapping, pops., SinGe. conigle, MAYIGRISHAIGE, . nas o
comﬁjresswegrorces, POSsIDle Cracks or minute cracks In t. Is load transfer
zon&wifl bec1esed By thé tomisressiesforde Pather thait by &i58red up,

as thegasemmay befon eanventional reinforcement- Thersize of sfichcement

ComéF}feS%ié.’g ,Z%Qr%%ﬁi‘?a%ﬁ%%d%gntsﬁ%‘é%%‘el%ar@ eleLs, depending jnter. .

alia on the onding between the composite reinforcement and the
surrbURdify-EGITErefdnen & THeRinforcemB At isTAdE o = 2omposite 5
mgteeiabmmmw oilmertmtahﬁng@aebmﬁbeeslortbasaﬂnﬂbresﬁ 25idthe
reinforcement Joops;according to-the invention haye goad: material, .

propertieg, such as pigﬁ tensile strength, low W1eight,rand high corrosion
resiStEMRES fi addition - igh tehSA& strengtit A Maimailed 8vén at g =™
temperatuies; SuthassSoe examplewduring-ighhcintehsive Bofiremmpressive
force rather than being opened up, as the case may be for
conventional reinforcement. The size of such compressive
forces depends on several parameters, depending inter alia
on the bonding betwsen the composite reinforcement and the
surrounding concrete.
The reinforcement is made of a composite material,
amongst other contalning carbon fibres or basalt fibres.
The reinforcement loops according to the invention
have gocd material properties, such as high tensils
strength, low weight, and high corrosion resistance. In
addition, high tensile strength i1s maintained sven at high
temperaturas, such as for example during highly intensive
fires.
T@éts have shown that the reinforcement according to
the invention is four times stronger than steesl, while the

waightt 1s four times lower than steel. Consequeantly,

t
g
(]

substantial weight savings may be obltained when using
reinforcement according to the invention.

In addition, it should be appreciated that since the
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Tests have shown that the reinforcement according to the invention is four

times stronger than steel, while the weight is four times lower than steel.

Consequently, substantial weight savings may be obtained when using
WHe85HEMfSrcement according to the invention. In addition, FCIHSQR408@00395

appreciated that since the 6 reinforcement according to the invention has

a high degree of inherent resistance towards corrosion, the reinforce-

ment may be placed close to or on the surface of the concrete element to

be eeinforcedmthnis requiringiabreduded: o ngeoncreteicoverage.dHerdeg ree

thereinforcement may be.placed wheresit reallyjs neededn. ~Ihgrorce-
invention shall now be described in closer details, referring to the

aCESMpBAYING HrBwAHY iff WhHigh:“Bighife T3hows sctematically & Vertical
sectionrkOthredgimareinforded cericréterelermenthwhersinuwoing a

reinforcementloops according tofhe principle of the invention are showin -
F:‘%Jre 2 shows a view of one embodiment of a reinforcement net formed

of & PIUTaIiK G iSs&d ainforce I fient Ioopst BRjtFE 3 shows an
alternati¥é ®nibodineht of areidforcement vetsformed Of anplatalits of

continuous reinfercement logpsrarrangedh-bethJengthwise angdn an which:
transverge direction; Eigur%4 sqzo.ws ?lpluraliymoftg%%%al%% 9 on
concentr“iéglwrgrréngseﬁ"rge:in?ocr’cgnrhaen}t(f(%pg agcordﬁ}g“to the invention;
Figre Bxhows séhdmateally-aiorizontal seessa throughss pohtoon,
wherein serdercement deaps aceerding 26t0 thednyentien pre useddne

relnforcing the PO o -

Figure 2 shows a view of one emboediment of a rein-
forcement net formed of a plurality of closed reinforce-
ment loocps:

Figure 3 shows an alternative embodiment of a
reinforcement net formed of a plurality of continuous
reinforcement loops arranged both lengthwise and in a
transverse diresction;

Figurs 4 shows a plurality of coaxially and concen-
trically arranged reinforcement loops according to the
inventlion;

Figure 5 shows schematically a horizontal section
through a pontoon, wherein reinforcement loops according
to the invention are used for reinforcing the pontoon;

Figure 6 shows schematically a vertical ssction
through the reinforcement used in cecnnection with the
pontocn unit shown in Figure 3;

Figure 7 shows schematically a verti

g

c
through the pontoon unit shown in Figure 5;
Figure 8 shows schematically the first steps in
fabrication of a fibre bundle by means of a plastic
material;

Figure 9 shows how 2 loop according to the invention
may bes fabricated; and

Figure 10 shows a vertical section through the
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Figure 6 shows schematically a vertical section through the reinforcement
used in connection with the pontoon unit shown in Figure 5; Figure 7

shows schematically a vertical section 30through the pontoon unit shown
irMAiglRe"3 Pigure 8 shows schematically the first steps in falGdAOrIeF 0393
fibre bundle by means of a plastic material; Figure 9 shows how a
loop according to the invention 35may bé fabricated; and Figure 10 shows

a vertical section through the WO 2007/053038PCT/NO2006/000395 7
reinfoscernenttoepi1) seen atongstheding Ardy in kigurer®: a-Aigureiqure
shows schematically a vertical section through a concrete element 10,
schematically shown as a 5rectangular beam, seen from above. As

indicated, the?bé&mlisSehiematicaty Feinféreed by fieansorwe™oton
reinforcement loopstt=Aplaradityeofreinforcerhentlioops Ilymayse as a

used, hut from-a clarity point of view, onlytwo reinfarcement.loops 1h.are,. .,

shown in the Figure. It should be appreciated, however, that a large

. . A = A g e
number BF FEMtrEeftent 16658 11 1R&Y b uSER Hepehdeft upohthac=ment
forcésapd loads avhich the concrefe etemeéntfrenea desigippoint ofviewe

must be dimensioneg for. Thereinforcementdeops 12 maybe agrangedin

any referred‘plane, incluqin Y’ghe orizontal 15and thewvegrt‘ical Iage. As

mduﬁﬁé&?ﬁlﬁﬁuﬂeof,ptﬁelm oreemenitioops 11%are &tafged % puld be

horizomtakplanes dnehend v one oo ovedappingthelother, formingtar cement

closed gylindrical-rpom, 1.2 between themselvas.the opposite endiall 1o0ads

each reinjorcement loon 11 forms & dosed dosemilidle Wdine of view
must be dimensioned for. The reinforcement loops 1Z2 may be
arranged in any preferred plane, including the horizontal
and the vertical plane. As indicated in Figure 1, the
reinforcement locps 11 are arranged in the horizontal
plane, one end of ons loop overlapping the other, forming
a closed cylindrical room 12 between themselves. The
opposite end of each reinforcement loop 1l forms a closed
gsemi-circle 14.

When the concrete element is subjscted to tensile

loads, for example as indicated by the arrows in Figure 1,
the two overlapping ends of the reinforgement loops 11,
will together form the c¢losed cylindrical room 12,
exposing the concrete inside said room 12 for compressicn
and hence, functiconing as an end anchor causing a local

pre-stressing compression. The snds of the loops 11

[

Hh

function thus as an end anchor for the reinforcement,
while at the same ftime the strailght parts of thes lcops 11
functioning as conventional reinforcement.

-
L

It should be appreciated that the loops 11 according
to the embodiment shown may for sxample bz formed of a
small number of single fibre filaments which may be inter-
connected by means of a matrix in ordsr to form a fibre
Lhe

string, coated with a particle shaped material on

exterior of the string. The particie shaped material may
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When the concrete element is subjected to tensile loads, for example as
indicated by the arrows in Figure 1, the two overlapping ends of the
reinforcement loops 11, will together form the closed cylindrical room 12,

W8 Uity the concrete inside said room 12 for compressidif BAEHEAE395

functioning as an end anchor causing g local pre-stressing compression.

The ends of the loops 11 function thus as an end anchor for the
reinforcement, while at the same time the straight parts of the loops 11
30fHCtivRRy a8 cohvertibnal reinforcement. It should be appreciated
that the lageps 34:dceprding tasthe embediment showr:may:-for gxampte bes
formed gf small pumherafsingls fipre flamenis whichmay be,.
interconnected by means of a matrix'in order to form a fﬁ)r_e 35string,

coated fWithHpafticie Shaped matefiars’ e extanaoitAe stinrg FRe said
pafticle shaped:materialray 8-for examplade-santd 1cobhesstrings 11

may for example have a height of 1-5 e, while the thickness may,for ., .. .

example be 1-2 mm. The elongated loop il may be formed by repeatedly
wiRiting said STHTESH G HY ortief To Fotn e Blosedi68ps 1L Fhedosps
1lsmay bevednfigured in such way that their ends for example may have

the form of semi-circles, QL semi-gvals, . - Flaure2,5hqws an alternative

embadiment of reinforcement according to the invention. Also this
ermiBodintent 1§ Showi iR refation toa Eocretd 8ab 26, arfd fike tie-S
embyodiniemnt shown iBigurerl, onednetayer of reinforcemtert is'shown. and

The; embedimentcamprisesa,plality, of-closed 19ops 1l arranged in.» ¢

sulqgg%sﬁjorg agtz%[n 5e,<'?1chS .thgfg,.interconnecteg_ at least at their ends by

mé&and oP&lonpated fibrs stifigs 15 ThTeeSmmgs réinfdrce-ment net or

a reinforcementat. Saittlelopgatedifibrerstings d Simay withes Hiecin théter

foen of sraightt stringserinrbedaun of loonsspositioned perpendicUlar nean s

ngk elongated fibre strings 15, thus forming a reinforce-
mant net or a reinforcement mat. Said elongated fibre
strings 15 may either be Iin the form of straight strings,
or in the form cof loops positioned perpendicular with
respect to the locps 11. 3Such net or mat may for exampls
ke used as reinforcement for concrete floor, concrete
walls or the like.

A reinforcement embodiment as shown Iin the Figures
may for example be used as reinforcement for concrete
columns.

Figure 3 shows a third embodiment of a rsinforcement
mat, where the loops 11 are in the form of transverse
winds 16 which are interconnected by a plurality of
elongataed winds 17. The fibre strings forming the winds
16,17 may for example have dimensions as specified above
in respect to Figure 1.

As indicated in Figure 3, two of the loops 18 may be
laid so that their end is extending out of the ccncrste
element 10. The lcops 1€’ may for example be used for
attaching the concrete element 10 to an adjacent concrate

alement (not shown}. In such case, the loops may for
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20respect to the loops 11. Such net or mat may for example be used as
reinforcement for concrete floor, concrete walls or the like. A

reinforcement embodiment as shown in the Figures may for example
weouwetiasrseinforcement for concrete 25columns. Figure 3 SKWEOastlaipep395
embodiment of a reinforcement mat, where the loops 11 are in the form of
transverse winds 16 which are interconriected by a plurality of elongated
winds 17. The fibre strings forming the winds 3016,17 may for example

have dlimensions aslspecified abovernnsespectiofigarets inAshe

indicated in Figure 3, wo, ob the laops %mggﬁsige@ that their end:is

extending out of the concrete element 10. The loops 16" may for example
be GSERTOR 35altaghing tHe Ednciateélehféht 1o torat adjacett Bortréte
element:(xot shewnjhhtsudl: caserthe lodps maysforoW@hich are

2007/053038RCT/NO2006/000395.9.example,be placed ina one or

corresponding recess in the adjacent concrete element, whereupon the

two CORETERE ClarmBRIS ik BE Tar-coREFetsd n SRUCT ShitF BB P

appreciatetiitbatrthelnaimber oftoeps t6owhich arelBexténdimgroutthet of

congrete element: 10 may be-one or severalwithouk deviating framithe v

Inv%gyggégnggggentric with respect to sach other. Ths
reinforcement loop 11 has the longest length, the
rejnforcement loop 11’ heing somewhat shorter, while the
reinforcement loop 11" has the shortest length. According
to such smbodiment, it is possible, by means of the loops |
11-11", tc place tha majcr part of the reinforcement in
sactions where the nesd of a reinforcement cross-section
is largsst. The concrete element shown in Figure 4 may for
example be a bsam supported at each end. According to this
solution, the bending moments may be largest at the middle
portion of the beam and consequently, this portion
requires the heaviest reinforcement. Such embodiment
results in the most optimal use of the material volumes.

Figure 5 and 6 show an example of the use of the

reinforcement loops 11 according to the invention, used in
relation to one possible embodiment, where each end cf the
loops 11 are wound around a cylindrical tube 18. According
to tha embodiment shown in Figures 5 and 6, the concreste
structure forms a part of a floating pler 20 of the type
comprising several slements which are tied togesther,
intended to form for example a long, modularized floating
pier or the like. FTigure 5 shows a horizontal section
through the floating element 20, while Figure 6 shows a
part whare only the cylindrical tubes 18 and the rein-
forcement lcops are shown. According to this embodiment
the cylindrical tubes 18 are formed of cylindrical stsel
tubes, positionad at the corners of the floating body Z0.

It should be appreciated, howsver, that the cylinders 18
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Figure 4 shows schematically a third embodiment of the invention, where
the reinforcement loops 11-11" are placed concentric with respect to each
other. The 10reinforcement loop 11 has the longest length, the
WRASFEMEht loop 11' being somewhat shorter, while the reftfORERHEHI0395
loop 11" has the shortest length. Acc%jing to such embodiment, it is
possible, by means of the Loops 11-11", to place the major part of the
reinforcement in 15sections where the need of a reinforcement
Crabssattionis |atgest. Thenednerete &lemershov it FRiure Shiay 8P

example be-adheam supportegd-ateach-end rAecordingsto this selutionsthe
bending moments may be largest at the middle portion of the Lge@g d- 1
c@ﬁfevioe%?ljy}/th%%r io%mﬁ&%qubelpeésthe%he%vfegslf I%e%?% orcement. S?J%% i

embodirentresafs i e ifdst otk USerdT thE matfiat vblurmess 18-

Figure 5:and 6:show.an example«fithewsea:of the reinforcement laops:ttion
according t thg invention, used in_relation to oq_ledp%ssb,jmgﬂempg iment, .
where éécf?%ﬁa Fojff%ﬁe 5 c}foﬁséjil%?g%o%n:a §round a cyljndrica%gl| tube 18.
Adcoreling-fo theléibadmertSown i Fryutes Slandi6  the Conérete o™ °F
structure formsray padof afloating pier 20 of the type comprising several
elements which,are id iggether.intendedtoJormdor example &/ong,

modularized floating 30pier or the like. Figure 5 shows a horizontal section
thPGUGH BTl Gty eRMENCET White Fifuré $-&0\es aSait Wheré drily
thereydindrigatiubes d8rand the ceinforeement loopsnaresshown rAéeording to
tothis emP?Q&EQ%%&tE%%@ﬂEQQC?EEU bes 18 are: formegof cylindricalstegh

35th%e§,yp03|t|one at the corners of the flpating body EBC’)' It should be

aﬁﬁ%ﬁ%ﬁ@&qﬂﬂﬁﬁkﬁfﬂﬁﬂ%h@%ﬁﬁﬁﬂﬁﬁ?fé’ﬁﬁfles are provided
2004053038R€TING2006/600335:d® 24 provided with a hole,

forming a supporting surface for a tie rod 23 or the like,
for inter-connecting or tying together one floating body
with another floating body or to the anchor point on
shore. The tie rod 23 mav be attached inside the cylindri-
cal body 18 by means of an anchor plate 25 so that the tie
rod may be tightened up. As shown in Figure 5, only one
such tis rod 23 is shown. It should be appreclated,
however, that that such tie rod 23 may be employed in
reapect to each of the cylindrical bodies 18 in order to
fix the floating body tc shore anchors 22 or for tying two
adjacent neighbouring floating bodies 20 together. The
arrow P indicates the direction of the pulling force,
acting on the floating body 20 at the corner.

It should be appreciated that the attachment and the
tie—in of the tie rod may be done in any way known to a
perscn skilled in the art.

Figure 7 shows a vertical secticn through the
floating body 20 shown in Figure 5, where the reinforce-
ment loops 11 and two cylindrical bodies 18 are shown. As
shown, ths reinforcement, together with the cylindrical
bodies, are arranged in the upper half of the buoyancy

body.
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also may be made of materials other than steel, such as other types of

metal or plastic materials. As for the previously shown embodiments, the

reinforcement loops 11 are wound around pairs of adjacent cylindrical

12404 89%456¢A in longitudinal direction and in transverse diredtor™61Ke000395

floating body 20. Figure 5 and 6 show oply those loops 11 which are

wound in the longitudinal direction of the floating body 20. In order to

facilitate interconnection of two 10adjacent floating bodies 20, or tying an

eleMent to & §HG1R anclist poifif'2? Se&6H 8FtelEarhers Ainfrefation ® thay to

cylinglsicat badies-18; is providedavitt recesses 21: Comespandinglysthert and

CV"”%R'%%!LB%O"55&%35%9_5%%%\6!@ _%%Qp??g;g%a”%:ﬁf&%@%%st part of
ed wit ace

provi a hole, forming a supporting sur for a tie rod 23 or the
like, F6FintéREoMedtihg of fing fogetheF 6rié HiBating Bod§with another? T 957
floatingnbedy of ta the anchoaspeint ghsshorerthedie oo 23 emaybec are

aﬂa@y%&msg¥3HgiﬁﬂgmgkﬁﬁjQog¥gégg%Qﬁﬁﬂﬁﬁoﬁéﬁﬁg¥hgﬁpkﬂ§£§§nt or

so that the tie 20rod may be tightened up. As shown in Figure 5, only one
such™ i€ T6d 238 'shown. IEShouldibe apfreciated® hoWever, thaf fatsuch
tie rach 2Bemay beem pfayk dimrespetbtoedett of the eylindrical bodigs2E8 1 ¢

in order 1o fix the floating body.to;shore . anchrs 22.onfor tYiRg {WRregnatad.
25adjacent neighbourin jfloatmi? b%%e 0 together. The irrov}\:/) P_ .. b
indicatés fi7e direcioh of the pllling force, dbfifg ot ttie fidating’Boly 2o™&t ©Y
the cormes. of ditishould bélappreciated thatithe attachimenttardd-the by the
tie-in-pkthe.tie £0d may be doneinsamys wayrknown tq 8-.30person.skilled nqd: e
in the art. Figure 7 shows a vertical section through the floating body =
20 ShW FE B, Whete 1nd Forcont fogp 11 50 b 20 o1t ©f
cylindricab BbdiesrIs: Ak sHoWr . ASSsHoWIS the rethféfcerhent t6gethe ch may
withihe eylindrical 3bpadigs, 1arearargedinvthe-upperikalhiof thepair of
buo ancy body. WO 2007{95303%PCT/NOZPOG/OOO?; ) Figuge 8 and
oirers.’ 'The rolle 8 may SO, runclLicon a means for
9 shows sc ematlcaslﬁ/ a possfﬁfe way to fabricate the flores forming part

of theenfrorcsment-alid ShBWiig a'\Way to Fabificaté the foos! IR tRE First
part-ef the productionling; ias ilustratedia Hgure:8harlarger numberetnatad

continuous single fibres or filamenys 26 are drawn or pulled-fomLAL 11 29

corresponding number of filament or fibre spools or reels RI. The fibres 26
are firstly tolleéted &fdTed BowWrrinto AWtH of AHE&tirfy praStic ThakfalLodY
or a smattix2%4dn ofdentorhecomedmpregnated.

Figure 9 shows an impregnated, but not yet cured
fibre bundle 29 which is wound around two elongated
cylindrical drums 30. The dyums 30 may be interceonnected
by means of one or more arms 31 which at their middle
point may be supported by a shaft 32 which is parallel
with the axis of the drum. By roftating the Interconnscted
drums 30 arcund its axls 32, ilmpregnated but yet not cured
fibre bundles 29 are wound conto each other, forming a loop
shaped reinforcement 11.

Figure 10 shows a sectlon through the fibre bundle
29, geen along the line A-A in Filgure 9. The fibre bundle
29 is wound on the drum bedy 30,31,32, so that the fibre
loop 11 is given a more or less circular crcss section, as
shown in Figure 10. Alternatively, the fibre bundle 22 may

e wound onto tThe drum so that the cross section becomss
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10 The collected fibre bundle 29 may preferably be pulled by means of
driven rolls, such as the ones identified by the reference numbers R2 and
R3. The impregnated fibre bundle is the pulled over a roller R4, pulling the
%%ﬁ?%"a{?t‘@f the bath, possibly by pre-tensioning the bund B WREH4#a8395

IShe obtained by a pulling means 28 comprising a pair of rollers. These
rollers 28 may also function as a means for squeezing out the possible
surplus of uncured plastic materials or matrix which the fibre bundle is
irmpreg nated wvith. Fre-the rollers 28 the impregnated fibre bundle 29

20is pulwwexam@@ﬁ@r winding aseund al@ruab&ba@eadoody agindicated e d

|n Figure 9. ure 9 shows an impregnated, but nof yef cured fibre
bR eZGw%@h rfgqéwound arcund TWo ¢ eTongate u‘f‘ndrlca drun)fi 30. The

dremis 30 maykbeaur@@rﬂebhﬁéeteﬁhzwrﬁ@%ﬁ%@ﬁdne BPfbrésarfiggt and
which-at.their middle pointimay bessupportedshy asshaft 32-whieh ISt

parall dk %1 th% %ms of tne grucrqb _By ,[%tatlng ,11;]? éi%%ergqg?}%gqugg@faao

aroun s axis |mpregnated ut yet not cured fibre bundles 29 are
wenRd ormdreach Gher, fofmineea T66iF 308Raped feirforeénett 13undle,
Figure 10:shows aisectionstheaugh the=fibrerhunrdle 29; seencalong the fine to

AAInFigued {jme (hiecguadle 295 waund o0 the duin pady 20,3132,

op 11 is given a more or less circular cross section, as

3§§Wﬁ |ﬁlffii@.¥réa1:0 MerAativEly SiHe fireBuritle 20 My befdtind: 1
onte the-drtun sodhat-theceross sectiamdeconies Wh:rete and the

%OE/Q§3Q§§§&T/MZOQ:@QQQ§%§ 12 more or less oval. When winding of

oop 11 is completed to the desired shape and dimension the exterlor of

the Ioopiﬁﬁafza(%eccﬂt%dﬁﬁlfﬁla%ﬁﬂ%%aﬂé%a?@r@ 8uétt A5 %aRd"and
Sthieseepon the: laop Bxured dmplsuitable grarwmer. fops which wind to

and fro, then the mesthod for manufacturing the
impregnated, but yet not cured fibre bundle 25 will
correspond to the method described in respect to Figure 3.
The fibre bundle 29 is then wound around a specifically
developed template, giving the reguired reinfcrcement
shape, whereupon a particle shaped material is applied to
the uncured surface of tne fibre bundle 29 prior to curing
in any suitable way. '

The fibre material used in the fibre bundle 28 may
according to the present invention be formed for example
of a material with a very high melting point, for example
exceeding 1000 "C, while the impregnating material or the
matrix may for example be made of a plastic material, such
as thermo plastics. Carbon or basalt may be a suitable
material for the fibre filaments Z26.

A substantial advantags of using fibre materials of
tnis type is that a major part of the reinforcing effect
will be maintained even if the concrete structure is
exposed to very temperatures, for example caused by a
fire. Even if the impregnating material/matrix is melted
or burned away, which may occur at a temperature around

200 'C, the continuous fibre bundls will still be
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should be appreciated that the particle shaped material shall adhere only

to the external surface of the bundle, so that the fibres inside the bundle

29 are not exposed to sharp particle surfaces. The purpose of the particle
TH8RAYE ¥4terial coated on the exterior of the loops 11 is td %%§Fé)06/000393
proper bonding between the concrete alugd the fibre bundle when

concreted. In case the reinforcement shall have a different shape,

such as for example elongated loops which wind to 15and fro, then the
method formarufactini®y teimpregpated, Bityet #oF curdd fibreBundigs
29 wilkcorrespand to thesmethod deseribed insespeetde-Figureg sHie 1 s
fibre bundle 29 is then wound around a specifically developed a

iR e T8 THEa B TRt 205 bps HLeuben a partcts Shapad
matetial is-appliedito tertinéd@y SERace sfthesfore HdIB 290G to~ ©F
curing.ip any suitable way. The fibre material used in the fibre bundle

29 may according to the present invention be_fa for example.25ef @,
material infﬁ g i\1/':‘<anr)}" ﬁljgrh r%leﬁ?r%%lgin”ﬂgf%g ejigr?i{; r%]é? gxggedingﬂ%go% g ?

whiks:thél impregaating $ratersE 8r tHe Higtrix iray ftFexaitiple Be fiateof

a plastie material, suchras thermo:plasfics :Garboncor basdlt afayelse b
suitable material for the, fibre filaments 26, 30A substantiak-advaniage o on.

using fibre materials of this type is that a major partgf the rei_nforci[?ga
effect Wil béFRaihtamateven if He EEhcrete Stubttite i§ 2xp688d to v

round
ery

tempesatuses, for example causedriiyea firel Evereif thé impiagvating: 1 2ble

material/matrix is, melted-350r-humed.away,which-may accunat a

temperature around 200 C, the continuous fibre bundle will SQUJ?}G; WO

2007RIS3OBEPETNG2006/0b0 3 ~ 1= Nas Svaporated

Unless otherwise explicitly specified in the text, 1t
should be appreciated that the term loop also shall
include winds or helixes, formed of the fibre strings or
pundles according to the invention.

Although cylindrical bodies are described above, it
should be appreciated that the term “oylindrical boedies”
includes a body where the surfaces, arocund which the fibre
reinforcement is wound, are curved. The part of the
cylindrical body which is not intended to be in contact
with the fibre reinforcement may have any sultable shape.
T+ should further be appreciated that the cylindrical body
either may be solid and compact or may be hollow without
deviating from the inventive ldea.

further, it should be appreciated that that the fibre
loops may range from thick and long to short and thin. In
combination or separate, the long and thick loops may take
+he tensile forces, while use of a large number of short
loops may prevent, or at least reduce, spalling of the
concrete caused by guick increase in temperature in case
of fires. This may be due to the fact that a single loop
will function, even if the heat from the fire has
carbanized or evaporated away the matrix.

rurther, its should be appreciated that although the
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13 positioned inside its "concrete corridor”, more or less free of oxygen.
Since oxygen is not present, materials such as carbon and basalt or
imil of materials, may withstand very high temperatures, such as
“i%r%&ﬁ@t%%%more. If the reinforcement loop is made of a thicqg'ﬁvg}gzﬂﬂﬁﬁ 93
wound few times around the loop, such.a fibre bundle will be pulled out of
its "corridor” after the fire. If the reinforcement loop according to the
present 10 invention is made of thirlr}ce,r fibre bundles, wound around the
loop & very farge nurber of times, theToop Wil abfe B WithSfangEss rounded
suBS@ntial tension even when the impregnating material/matrix has
evaporated a11ay. dJpless atenmise; explicily: speciied in te extsit; rap 1 o
15should_be ggpgciatedtth@é tth;l%r@QIoo %Fs%,sgall include winds or
helixes, formed of the Tibre strings or bundlBs aceordingts thgihvertion.
AlthoBgR ¢y liReFEarBedies aré Heseribed abova it sheuli-be appreciated
thatthetera "cylindrical bodies" 20includes a body where the surfaces,
around which the fibre reinforcement is wound, are curved. The part of the
cylindrical body which is not intended to be in contact with the fibre
reinforcement may have any suitable shape. It should further be
appreciated that the cylindrical body 25either may be solid and compact or
may be hollow without deviating from the inventive idea. Further, it
should be appreciated that that the fibre loops may range from thick and
long to short and thin. In combination or separate, the long and thick loops
may take 30the tensile forces, while use of a large number of short loops
may prevent, or at least reduce, spelling of the concrete caused by quick
increase in temperature in case of fires. This may be due to the fact that a
single loop will function, even if the heat from the fire has 35carbonized or
evaporated away the matrix. Further, its should be appreciated that
although the
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14 loops are oval, they may still have a more or less rounded shape.

Small loops according to the invention are suitable for use in respect to
gunite, and the loops may also prevent formation of cracking and minute
cracks in the concrete. m s 1.Rein:|\(|5:ad concrete structure (10)
comprising at leas: one elongated stringformed of a number of single fibre
filaments, such as carbon or basalt, which, is wound to a continuous string
by repeatedly windings of said singlesfibrerfilaments and embedded in a
matrix, so that a composite fibre string is provided, the exterior surface of
string (11) being coated with a particle shaped 10material, such as for
eXxampletsandcr 24 ractefizaddn thatSaitFeinforce METR coftprises at
least onelaopavhich.whenembedded .comprises af feastiwa-elongated
stﬂriqngspeigg dJstanqed apart fromhenacr[ o;[-he%r, 'the_equsmqf:thgg st_rjggg "
béingfinferconnected 1byheans of & cunved transttioh: of that said-
lopped-shaped body-(l1)-whes embeddet formgp certinuous:opetidoeas,
said.curyed transifions (14) being in comulefely. empedded apd.qureds,
condition of the concrete structure (10) being configured to function as
ehdznchoTaTar e 20/d6p 3haped st sihdPsREped Teinforeetfent 1 °*

2 Reipforced:cangrate structure: (1) according.toElaimgk,mhetein pairszof
loops (11) are used, the_curved engsa (14) af the loops overlapping each
ofier formingari 25ttere diAR Zorme A the concrete element (10),
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1 or 2, wherein at least one end of a loop (11) runs 30around an
embedded cylindrical body (18). 4.Reinforced concrete structure (10)
according to one of the claims 1-3, wherein the opposite end of at least MCSLLP
one loop (11) runs around a separate embedded cylindrical AMENDED
SHED' Reinforced concrete struccu{301 acczrding to claim 3 of 4,
wherein the embedded cylindrical bob v (18) ma v be compacthollow, and
may be made of con-or, such stee4, plastic mAi-r'AlS, cardboard or
sirhfidF matérials. 0.Reinforced concrete structure (10) according claim 3
or 4, wherein the cylindrical body or bodies (18) are provided with

recesses or attachment means configured for exposing the, reinfarcement,
to Yension prior to concreting of the ¢oricrete stricture (10) and/or to be
uskcbas fie-inerran adjacenteonciete strubtagrel (10). 4547, Reinforéed 22
canerete structyre (10), according fo-one of the elaims. 1:6, whetsin the
fibre loops (11) are formed of a composite material comprising preferably
carbon or Fasalt. 20 Reffforderieft acéorting 16 ohe of the caims 1-7,
wherein 1he Joops (11) have different length and that the loops (11) are
concentrically arranged with respect to each other. 25 9. Method for
concreting a reinforced conrr-f- structure (10), wh=nn the reinforcement
cémprisesiatleastdn elongated samor fibfe 106D (BB RofmetEofashialf
number owaund f single fipre-filaments which-are-repeajedlyin 3Qgkder to
produce a reinforcement loop t(Ijlwl), embedded in a matrix and coated on
tHYF BXtETIOT With & 14567 oF particie ¥hidied Matefial Such as 16réxample
saRdpsing ths reinforcemant to tension prior to concreting

of the concrets structurs (15) a:

r an adjacent concrete structurse (10).

3. Reinforcement according to ons of ths claims 1-7,
wherein the loops (11} have differsnt langth and

concentrically arrangsd with respsct TO

AMENDED SHEET
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o harac t arized in that at leas™ one cylindrical body (18) is positioned;
that the end (14) of at least one closed loopbeing formed as an elongated
reinforcement boo made of elongated, continuous carbon string, arrang&éd Si.1.p
around the cylindrical body (13), the O2ni"5-= end (14) is kat: fixed; that
the elongated reinforcement loco (11 is tensioned in its longitudinal
direction, whereupon concrete is coured and whereupon the tension is
released once the concrete is sufficiently cured 1010. System for, . - . -4
r(-?‘infdr‘i:ﬁfg"aac?b%c‘rgtce;?ﬁué?u”r% (10), intendéd fo be connected to an
agdiscenirseparate concretel struttiyd (10} redrdécto-forAras ©2-°°%
inter-conpected cop-rel-e stucturg-where.each concreterstouetyre (20),is
réinforced and Where two adjacent concrete Structures (10) are tied
tegether byemeamsof-an witermetliateSariéRoring €férhent, ‘chara - terized in
thataload carrying eylindrgal-bady £18):is.embedded:at-each endwf each

gyt

con-re structure (10), the reinforcement preferably 20comprises at least
tworB0ops extending preferably’ it a Continuolis manner between and
araund thertwonlpat:cartying . eylindricat bodies €1 3); arfaiged ateaéh end
oj"gtgg‘:cgnn(:rrﬁgte ,eLqm,ggt. 2511. System according to claim. 10, wherein the
réinforcement comprises continuous strings made 'lQ of fibres. 12.
System according to claim 11, wherein the external 30surface of the
carbonstrngyis previded with-a granual-sipekere stormed of sahd adhered
to the external surface of the carbon fibres. 13, System acgording {0 ope,
odlaitAs 10-12, WhereM AMENDED SHEET -~/ ~ —
structura {10} in ordar to form a inter-connaciel CoOCISLE
structurs, whare each concrate sStrucltu

reinforced and whars two adjiacent concrate 3

ars tisd togsthar by means of an intermedia

continuous mznnsr betwsan and around

cylindrizal bodiss (18}, arrangsd at 23ch

. s - . " .
11. Systam according fo claim 10, wneraln tne
P - ; - PR = erPings maco g £
rainforcemant comprisss continuous strings mace up oL
Tipres
1 3 ~7 = mim Fhas Sytmrenal
1z Sys-am according to claim 11, wharesin the extarnal

- e

13. System according to one of th

AMENDED SHEET
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MCSLLP recesses are formed in the two cvlirHrical elemen:s order to
facilitate interconnection between pairs of concrete elements for formation
tof a ch=in of tiedin concrete elements. Method for fabricating
reinforcement nets of a composite material, comprising loop shaped
reinforcement elemen:s (11) .extending in transverse .dir-Hon and
reinforcement element (11) extending in longitudinal direction, wherein the
different orientated reinforcement elements (11) being interconnected in
nodes sthereby forfintea réimforcement Aet; charaéteriZzed it thataplirality
of.elongated laop shaped fibre-elements-are-aranged-in-a: 15eg: so that
the loop shaped reinforcement elements are correctly positioned with
résiEtt 10 eathStfrer Swhetetpofiteniforcemént efemehts extending in
longituginal directiorzare pulled over the loop shaped elements on the rig
and is attached to the loop shaped reinforcement for formation of 20a
reinforcement net, and that an elongated string is attached to the ends of
the! loops; thedstiing alse being fixedditheéls6pd =t the ends of the loop.
A@AEBE%EPéSHE%%ELaL, comprising loop shaped rainforcement

diraction and

mant for formation of

AMENDED SHEE

MCSLLP



