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REI NFORCEMENT FOR CONCRETE ELEMENTS AND SYSTEM AND
METHOD FOR PRODUCI NG REI NFORCED CONCRETE ELEMENTS The

wWEe@3mes038 nventi on relates to rei nforcenment anBPCENO2006/000395

rei nforcenent systemfor reinforcing concrete

el ements. Further, the inventifon relates to a nethod

for producing such reinforcenent and a nethod for
fabricating a reinforced concrete el enent. The

r BENRBOBERHEANTC OB CONSRATE| BABMENAE ANONGASFEM BN® METHOD

SLLLN 0 lLer 0 fibre
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haped | d d_b dher ed
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m@ychhaélhﬁerb@@@mtaﬁddfarmeshaﬁefbmaﬁabenbadlh@om]the
concrgte t%hthe rei_nf or,cenent, to obtain

imn
SEPUREOFERhGrETRE : SIETGRAT 1950 A PEFENe gy gomprises
t akenchytt Beer @ll@fn@ratteenﬁab,rew@rtkcen@ormmw WE lz0attmller

and forces are tak by t concr et ase St andar d
BHBP RO BE, SR CHATE BieRat ps Vot et g 1ol de a
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obvyi ous that s tee i mensi resent | ar

WBi bRt 2aRA T il SRABREk TG e i T FUER B9 6 Wkt e ind
Pbagagt Beheeichf Afcemerhe Rxd el bC sui€a e pIRCistEing.
the reinforcement of steel, the relnforcenent

bars
MEEE thE pr &PEerth VaRd iherk PEESt Gefh8iethpdy for concreting

sButhekRa.f ok dRfndHeace cikaheisnf orcenent in
sections where tensile forces are expected. \Were

| ar ger LEergt S dr &b Rg FEBCEEEE (e YkiuFes are
f oEgarent-clanS M tstvar liappedreack @Rer the loads and

tgggiggrgkggtransferred from the concrete to the
reinforcement, aiming to obtain a structure where the
tensional load and forces are taken by the reinforcement,
while compressive loads and forces are taken by the
concrete itaself. Standard length of reinforcement bars is
12 metres and the thickness may vary between @6 mm to @48
mm. It is obvious that such steel dimensions represent a
large weight and rigidity, making i1t 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.

Where larger lengths are to be reinforced, the rein-
forcement bars must overlapped each 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 steel reinforcement requires,

as a general rule, a concrete coverage of at least 30 mm,
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normal stresses and tensions as shear forces through
the concrete fromone bar to another. Wl ding of the

wWh2003/0533%l so possi bl e. Conventional steel PCT/NO2006/000395

rei nforcenent requires, as a general rule, a concrete
coverage of at |least 30 mmwhil e at the sanme tine,

| arge concentration of tensional forces are
eg&grienged in the surface edges of a concrete

S .

CPuPe. HENCEMSraddiGy Ry e &ANCEIdFHEACN P Hegwional

arrease sMakieN @ side PR 6 rf AhdVaifiral@ RRRAIY &€ d Mdhcrete
the concrete structure, corrosion attacking the stee

r SICAPGTEERentleNSTeh SHiadek 88 reaivdei GRS dds Ehare

valrea®  ohatdi e of eithfryenart Reyond dit $PHGHNate into the
vol unme, producing a tensile force and possibly causing

SFRPLERGS FEIVSHNNG, IGrsaestionusd tackdnet $hsf "steadon

firRhes caechRin?f. OrCRIE vt LIk eheddadd N LONCILL &1
or glued to the surface of a concrete body. Fromthe

afpiiEants SWe Ood/usIEs tAbevantetited driginal volume,
f@QBH@%&E@gar%b%@gﬁgﬁqﬁﬁ&xﬁhﬁﬁP%b%§EE1¢“H§U%?§§'§balling.

known, thé reinforcenent conprisSing el ongated, .
pr ef er &bl y-Sc @Sl kOPTT itUer @lstsumvdlosisicafs edr vararbrisddhres as

i pr it h i £yl [ ial '
PGSRt ik A s kBl oSy e il ISR <o cne
very fhgegefnansencsfets dmyldy -fi bres, is subsequent to

the i W@‘E‘%an%ﬁlieoggﬁqo%ﬂ QU L G iO%g’OZ%rW%tl i r!at hefhod for

bat h contai ni ng particle shaped nmateéerial, such as
sandrigpitdhdadisdrds nasnand suefead soff orh e dridares: ehuired | lenown,

B o e N

t $inheusuiibece dunidigs nd carbog gridcess, irpusedratddigiith a

tr gﬁgﬁ%gkgfg% %?Lg%?rlce lmea@lti'al'go 1&7%%0%15%1’1% O, %droeocp . The

prestr essed concrete structur es,

wiiebaet banddep mdiinfhoraoeperits ecorpviesys lsenger alunbesi o f

| Tu6gneset less { LS UM, LS CITAARUA and prior
to curing, brought into 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.

NO 138.157 shows a loop reinforcement for pre-
stressed concrete structures, where the loop reinforcement
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 connected to each loop.

EP 1180565 discloses a flexible reinforcement for
reinforced concrete in the form of a flexible band having
a high module of elasticity. The band is arranged around
at lease two reinforcement bars and each end of the band

is tensioned in order to form a loop around the reinforce-

ment bars, forming a rigid connection.
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means of reinforcing strings of resin inpregnated
gl ass fibres which are closely connected to each | oop.

wWER0TA80365 di scl oses a fl exi bl e rei nf or cement PEDNO2006/000395

reinforced concrete in the formof a flexible band

havi ng a high nodul e of elastjcity. The band is

arranged around at | ease two reinforcenent bars and

each end of the band is tensioned in order to forma

| oop arpourd kiewrt et df oscet neat batisreforiiomtingigidrs made
connectionﬁlt j s, kno to construct concreﬁe fl aéing

i ST e fotin ot S b S s S
vhes el &) gaeliss drPi €sned erent Soge ehepnaectledi t ogether
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| .
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romthe recesses through the_el enent wall and t at
{HEE LA v | GF L heoBTRRRS FRPRZOAT af FoarTangagoton the

aCHREA Oy AEANSH@X ePdabet neesngakal 1 esesshat cBambnt .
el ement through said ducts in order to asse

. e_and .
MRt EORFBELY { 967 BT8P0 o BRBAF 570 BBRARS S BF SFRebetHeen said

r££E6588SaNdathe- tiigt 5t €REHuER BLIdI GuexposedotBer to
| arge tensile forces and | oads. Hence, it IS necessary

t 25 PeTpt or 2dt Hat e BFARRECRNEWPhB1SECET BRENESr r oundi ng

the regesseseheavihy. rSakbdse9r apl Bheagubays prewedok@er is
be vul nerabl e, however, and the concrete is crushed . in,

sprpesef heabyreei hEBPEeReRPICRACANENEOBFEr EPBRBnt 4T 1S

a5§c§FQQ§§Qt5or&ﬁﬁ@@rbgagﬁeaegrﬁgfgeéndTﬁﬁepé@EkQBhEO
be solved is that, in addition to maintaining a high

degreeunflingnsheerseeeAgehhepBi Mei ght and hi gh

resistaneg agahost ;CQEE0RL9B HRo§BIUES, pE0od18EEERALN
i's mai ntal ned even at hlgh t enperatures, such as for
ed

ehawpiert epper abar esneagsedipy cripesd, n APghe of heavy
'PEEH%EEXement, when the pier elements are exposed to large

loads 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
production rate when producing the reinforcement as such
and also for providing tailor made reinforcement solution,
while reducing substantially the requirements 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 required for various
structures.

An object of the present invention is thus to provide

a reinforcement system for concrete having improved
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A further problemto be solved is to increase the
production rate when producing the reinforcenent as

W@ emh/os3088 al so for providing tailor made rei nf BETNORIVE/000395

solution, while reducing substantially the

requi renments for investnents 4n production facilities
and machinery. A still further problemto be solved is
to reduce the extent of and the tinme required for

| pyopgrt hesr eghfongethenstfoctvhesetpnbeanses whereved

”?{Per?gtheﬁ CQHB&&&Q&S%R?L;' QEmQadSnaeéfef eggeggﬁ%s £ime
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cast inproved strength and
i ncr eaBeflukthert bhreecandfatheéheesaffercementedysitry t he

need f %ngaknt%E%nggvggtahgoigpﬁéeégoi%ﬁchHre tructural

pro Qe er "obj ec ern CENMEN ystem
atcmddcagrymngheapauéhyioﬁ thetoopcmbbagsthacture if the
structu

% carré n% cagaﬁi%g of the concrete

stPucttre P rPﬁEuESn Pet&P8rFictlr e |s exposed to a

fire. A stilll further object of the meunﬁomcement system

¥ tenhacco% gﬂ to the, inventi S rovi q d
SSPEARd i b BREL Brcanent bhebeal’ Rukifgle, an

pﬁSékbbEet@e&dﬁbkcéﬂdntOsQBﬂéﬂ$lmak&hq EEIpbesdbﬂento adapt

systemtaq. lLi cat ed stru tural nts. Astill ..

TAREnEr GifeTRGR RS PeinEbrEenet Syerem fo Fytp1icated

psbyhdeuaaneemémé&eaent mhlch is sinple to lay for the

operator and._el.im atin e artl, eav

P sl e e B8Rk o S koAb e e T 8T sten 15

agbi pyegiby a reinforeenent &hibﬁﬂhanélﬁpﬂéoﬁ@CﬂbQﬂfor the

met hod as further defined in & har a &er'zin art
oPP?H@tPﬁdéﬁénﬁgﬁﬂlnatlng at 1835t Pattly heavy minual

lifting activities.

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

An essential element in the reinforcement system
according to the invention is the use of closed reinforce-
ment loops made of a plurality of continuous fibres, for
example made of carbon or basalt, embedded in a matrix,
wherein the loop is cured subsequent to formation of the
loop and wherein the loop is coated by a layer of
particles, such as for example sand. The loops are
preferably 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 winds
are configured to function as an end anchoring the
reinforcement. The effects of the loop reinforcement may

also at least partly be achieved by providing a helical
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clains. Preferred enbodi nents of the invention are
defined in the independent clains . An essentia

webk@mesio3s n t he rei nforcenent system accor di ngp€DNOR@®6/000395

invention is the use of closed reinforcenent |oops

made of a plurality of continbtious fibres, for exanple

made of carbon or basalt, enbedded in a matrix,

wherein the loop is cured subsequent to formation of

t helngepcangnkherdich sHehl bepirslcoaiadopyrenendydrs embedded

Pant Lahes, csueheas,f @heenaiRbe1SaRd n rhhe hRORS AN Ffunction
preferabgg,elongated and nmay either be in the form of
P

chBsedmHdbpsagi adl erdatedcainaas . arranged in
I'ongi t pdinal, (diy %EboQgﬁﬂ?ogggﬁgﬁggggbggdh%%p%oﬁghe invent-

er:ldS In a transverse direction. .e sem-Cclrcu r|
ehdenof absgps or tshieldginndsongesteenfioguodd fiogdagnaetildnto a

aﬂu@ﬁ ¢ad ;apchoring ﬁ]o'%%rr %”E%C‘E%ﬁ n Hge t%ff%%tg% Ut the
the Toop reinforcenent may also at “[east parfly e
achiipVedchyeprovildi ig ashekiceakreiynftor Cgmemt”. tWeemreinforce-

such, helical reinforcement is enbedd&f i_n Eyr%f B
cBhtFet SOYRE A Fal VCETAPEFEEnBRY WiT PRPIMEN §i974S a
nepbhdaxigalor eéhrf areelitibnalhenecusdi agitf®@rcement. The major
rei nforcenent, accordi t.o the inventtion, .ahrupt or

S ER eERaes Srtn tF FOFERE FER Bhen Taid o Rernt
degerenappear ramstihe reelgicon tak hbe gedsirdhdg i@ inforcement
reinforcement. If it is necessary tq "join" the,

et Bnte et oo R e e Bl ey TGN between
aﬁﬁéif @éi@l@brr@e&@a@]hI"tdil@@pfsodtaP?obEiadicb'lrr@ll@lr]ss‘i_to@ﬁ|zone is
rei nforge t.. T maj or di rence is.that the rces

{ PORPBAG SPENTSr CEReROTSTEEn P S Sera iromRes 08 (e
neiyghbapbing neiopqr carert conctBatk, may addiitsdton e
transfer of shear strain b%émeen t he rei nforcenent ,

| 68PB L e85 SLF&alt OFGTFr e FEPEAP26n RS KEs LA INEF iGFadfs in

CeREket e abetween fddie zonds wafl 1t we QVeslappiyng HeORSipressive
Since concrete may resist |arge conpressive forces,
p5§§FSI§a€P§Ek§h@P-%Qﬁ@@eogﬁgéﬁsupm as the case may be for

conventional reinforcement. The size of such compressive
forces depends on several parameters, depending inter alia
on the bonding between the composite reinforcement and the
surrounding concrete.

The reinforcement is made of a composite material,
amongst other containing carbon fibres or basalt fibres.

The reinforcement loops according to the invention
have good material properties, such as high tensile
strength, low weight, and high corrosion resistance. In
addition, high tensile strength is maintained even at high
temperatures, such as for example during highly intensive
fires.

Teéts have shown that the reinforcement according to
the invention is four times stronger than steel, while the
welght is four times lower than steel. Consequently,
substantial weight savings may be obtained when using the
reinforcement according to the invention.

In addition, it should be appreciated that since the
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this load transfer zone will be closed by the
conpressive force rather than being opened up, as the

w@2®e/0smys be for conventional reinforcenment. TPET/S02@6/000395

of such conpressive forces depends on severa

paraneters, depending inter & ia on the bonding

bet ween the conposite reinforcenent and the

surrounding concrete. The reinforcenent is made of a

corpuEi teenrrterdatordhmngsr Brhern ot bdmi vgs carbegn degree

féfarigf{leqferfaas%éiéﬁﬁgé:tg d£! &;H&ﬂ'&{‘} _ % QPBeinforce-

according to e invention have good materi a

preopemdesie suchced dlgie tensit eostilemgs i fhow i ghe,

and high c ' esls addi tio hi
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st r ongdite t havest eeh , shvhll endvhebsweightrilsefoun tlaesr

I r.than_steel. Conseguent | supst ant j Lght . D

ST e b bhR e e e i T il AP iRk e wnicn:

accor dingut® 1hshowyesthaenaticahdgi 4ioartitatheatdibe

reciated that since thereinforcenent aﬁcording Lo

ot G her s

t HEFPHIL A | DR RS A AP Gegr e of "t Rher SRt Fagi SF3nce

t ot £lSr €atiE 05| DBop s hectetrdif vy ceo nené paynbeppeacédthe
cJose tpop or on the surface of the concrete elenent to

bE YRR QP cRES FRUE fequiring a reduced or no concrete
cover agegutengeshbhe aevhéorcenent smyobémphaced aheeén-
it really is needed. . The invention, shal.l now be_ .

bt febeAt | Ret) BeEreders: oo hbrErFY gt sIPHgd° reinforce-
aceQuPRSYbHY drawi ngs, in which: Figure 1 shows
schematjcally_a verti cal fecti og?,_t hr ou r einf gr ged

y h.a
concr ef e98F8nenfloWferBi ATERE T ﬁ?o?@gﬁg‘ﬁ?e%oﬁ
apEoh fbhgehont haepr Faehpheocof at peuraventi ofi apatshawns

reinforcement loops arranged both lengthwise and in a
transverse direction;

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

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 section
through the reinforcement used in connection with the
pontoon unit shown in Figure 5;

Figure 7 shows schematically a vertical section
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 a loop according to the invention
may be fabricated; and

Figure 10 shows a vertical section through the
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Figure 2 shows a view of one enbodi nent of a rein
forcenent net fornmed of a plurality of .closed

wo gionfosgosement | oops; Figure 3 shows an al t er nBtT/¥02006/000395

enbodi nent of a reinforcenent net fornmed of a

plurality of continuous reinforcenent |oops arranged

both I engthwi se and in a transverse direction; Figure

4 shows a plurality of coaxially and concen trically

are amfedcenremt okeepreht / | 90pR ateod dihg tonghe-A in Figure
igvention; Figure 5 shows schematically a horizontal
section through a pontoon, wherein reinforcenent | oops
accor dihgutre i hshownmyenthenabhiealsedafverteratoperhgon

t oon, . Fi hegngy. | eLti.cal
e BTSN Suslole senermhigall s veshien oo -
wk ¢ bt ¢ theu pant loesm ung¢eshbwoni ab&rgur Bs5indkrghed, 7the beam

shows _sche i cal l LGgal .S pon_th gh _t
SO SRERRTLAESL, Yo o SEEL 3oLy SEE 8Nk REQUODEReomcomon
sthbepmtital Aypthealitgtost epsnfortabencal popsofilamay be

fibr undl e by nmeans_of a_pl asti erial;. FLgur _
s%%%g’E%%ga§¥%%paa%g%Fﬁ£%gpg%n h%%iﬁgé%figthH§gée%e?n
f Abrtematet; lands Fl guaee 18hshowsnatker Figakesedti should be

LUrSyaR A betel ocserrt. 00p Liv8oRloBhenge! Vel ifconent
vesbbsallsesyiba thedugbependant etiporl ehenfotBes and loads
schematjcally shown as _a rectanqul ar, beam seen from,
SEBUE HESI TORCA o, SLRGBEARTTY ScHBRRBICRITgS Of View
reust obeedibynstansdoforwoThei nkoncereatmehoopsops. 18 may be
PLACSLILY of, Lelntoreerent, Leogs 1EMy be uoed B soncan
and the vertical plane. As indicated in Figure 1, the
reinforcement loops 11 are arranged in the horizontal
plane, one end of one loop overlapping the other, forming
a closed cylindrical room 12 between themselves. The
opposite end of each reinforcement loop 11 forms a closed
semi-circle 14.
| 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,
exposing the concrete inside said room 12 for compression
and hence, functioning as an end anchor causing a 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
functioning as conventional reinforcement.
It should be appreciated that the loops 11 according
to the embodiment shown may for example be formed of a
small number of single fibre filaments which may be inter-
connected by means of a matrix in order to form a fibre
string, coated with a particle shaped material on the

exterior of the string. The particle shaped material may
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forcenment |oops 11 are shown in the Figure. It should
be appreciated, however, that a |arge nunber of

WO gjonosaosenent | oops 11 may be used, dependentPCpPN02G06H00395

forces and | oads which the concrete elenment froma
desi gn point of view nust be &i nensioned for. The
rei nforcenent |oops 12 may be arranged in any
preferred plane, including the horizontal and the
Vier ¥ i e ptanee 592294 ndicated in Figure 1, the

rei nf ofigenenti APOPs1 Ia @r Lo Ar £ 20960 | Ratdea hesigeptak 1-5
pl ane, one end of one |'oop overl appi ng the ot her,
@R Wyl b cHRR e b e i BaY FobntidTheeveenl-2 mm. The

té@‘&%&ﬂ@é-l%‘@ PPRRSY tise e_f‘é’rz_@efsde@ﬁhréﬁéﬁfz@aﬁﬁnﬁﬂﬁding said
l oop 11 forms a closed sem -circle 14. \Wen the
coHeret eteiedreht 9edanibieciert bheepsPFad| bagRs tér

exanpl en@as) boi Cat efh PYpd heoREL GWBed N1l SWER day Rt their
two overl apping ends of the reinforcenment |oops™ 11,

vielhds t Beet BB be riid hehavoselde cfPradef casmioehiedes or
expRsing,the concrete inside said room12 for,

conpression and hence, functioning as an end anchor

causi nglautrecal sipees sih essi agnebhpe es8PoAiMTAE e@Ads of

tP&#@QP&&M u%%g@%{u&gﬁo asnan; fdnanchoraf or thes

rern orceneng, : e sane tine the straight
pamivedofienhel ¢ ovipewil 1ifuneldbhpngtasacenvenetrenalab 10, and

rﬁi]@éOEﬁg@ﬂ%odiﬁ%ﬁPoﬁfsngeiﬁpPﬁ ghated B#}@% bhe hﬁg@% of
11 accordi ng to the enbodi nent shown may for exanp
becfofordenént saathowunbéneotmbpdghnenti ppertibafent s

' be i 0 ed,b of ~a LXq|
LGP TRYy B8 151 ONgegt Y TR0k pRgEEELB LA arcer
shapedothter i ahtencohecekedr bbr lefisthatstheny. eMHe by means

ticl : i al d _
DRE kg RORRSE et LB 8L EXAIPL g R 5200 oo
whéhe the bdhi eknessfomgehentexanpl 8abd &langaredhéibre

géfgggggdlgoﬁgyléigﬁgrbgefgﬁn%geb¥oE%p8%tSgkgigh@dg@gings,
or in the form of loops positioned perpendicular with
respect 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 be used as reinforcement for concrete
columns.

Figure 3 shows a third embodiment of a reinforcement
mat, where the loops 11 are in the form of transverse
winds 16 which are interconnected by a plurality of
elongated 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 16’ may be
laid so that their end is extending out of the concrete
element 10. The loops 16’ may for example be used for
attaching the concrete element 10 to an adjacent concrete

element (not shown). In such case, the loops may for



10

15

20

25

30

35

fibre string in order to formthe closed | oops 11. The
| oops 11 nmay be configured in such way that their ends

wo o007853B8pl e may have the form of sem -circl eSPOI/NO2006/000395

sem -ovals . Figure 2 shows an alternative enbodi nent

of reinforcenment according to9the invention. Also this
enbodi nent is shown in relation to a concrete slab 10,
and |i ke the enbodi nent shown in Figure 1 , only one

| 878FPIE PE RIGFEEMERL 2i SOSHERRONTHE JeAS6EISHeAR the

coApLLeas aopkuweaki bYeREnt! 0ged LogRs 1heakiangedchlte
succession after each other i nt erconnected at | east
atlERenESeAgdy @? ABARE QPnéﬁéﬁgﬁté@-ﬁﬁﬁﬁe §Erﬁﬁ@§lﬁ5be
tQ?ﬁrE%&%&@a %h%%'@B@rﬁﬁmgg@to%eﬁo%%sal%e'%%9 eneat

aid el ongated fibre strings 15 nmay either be in
t BEtEBAANGf ositr Ahgheoseirehgs elemeni e Mg oo OFs

pQékrEH:%“le%E% F&%”@l'e #Eﬁﬁnyakt}ohe%ﬁ%‘?tm g%'i‘?re' eaRsebt.

net or or e be use
r e| nf oFé ghesst 4f @hOIW@n@F?éEélafCIl@@rlch@n(ﬂﬂetr@l \mblogll@ent of
tEﬁe' LKeenf s fp%' n&%s&amﬁ% %@ago@%@heﬁ show iRt re
|gures may or exarrp e be use rei nf orcenent or

cpherete CQQIC@mtglCFWQIDherSSQIa@wS ta tehiohd ogiieadi Mast of
1
ré%?g t%%%%%t 1%%‘% p dﬁ%%(stt W% §%5£ 120 I%th” the

ransverse nterconinected
byeanﬁbmcamemy abopl dAagabedngi ﬁ@@ekhat Bherftichr,ewhile the
E%&ﬂ%%rc% %h%glogﬁf%ﬁnd% %6t%7 g%%rt% ?%%%%% h%y ordlng

dimensi ons as specrfied ove I'nresp ect i gure

Ats sndhcam@©dumeﬁmguue 3s, pbwmlaﬂfth®y m&a&sl@f mhp loops

D3040, gl bl S0, Speniend BOUL e ey un
usedtﬁomsaMhaahlm@etheedonéretEeaMém&mmn&Qtt@r@ms section
aggaient BNk %e concrete element shown in Figure 4 may for
example be a beam 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 of the
loops 11 are wound around a cylindrical tube 18. According
to the embodiment shown in Figures 5 and 6, the concrete
structure forms a part of a floating pier 20 of the type
comprising several elements which are tied together,
intended to form for example a long, modularized floating
pier or the like. Figure 5 shows a horizontal section
through the floating element 20, while Figure 6 shows a
part where only the cylindrical tubes 18 and the rein-
forcement loops are shown. According to this embodiment
the cylindrical tubes 18 are formed of cylindrical steel
tubes, positioned at the corners of the floating body 20.
It should be appreciated, however, that the cylinders 18
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el ement (not shown) . In such case, the | oops may
forexanpl e be placed in a corresponding recess in the

wW@adjoaosss concret e el enent, whereupon the two PONED206/000395

el ements may be inter-concreted in situ. It should be
appreci ated that the nunber 3 | oops 16" which are
extendi ng out the concrete elenent 10 may be one or
several w thout deviating fromthe inventive concept.

Filger ey SifoviRde eheatad el 13l 2 AHISH Erbpdtimt, ofuthers
H’c\afﬁeg:g' eheF gnd e rel foroereniadoops: 41-Ad s &F eche

' ncentric wth respect to each other. The
i efioreie rhowo periodiare o | gy et Epgeenetrheloops 11
reint RITe Loon, il bef noysonmwhaty shoit e5a1 Wiihes 18
the R@{n orcé%ent??ooﬁs;l" hdas the sﬁ%rtest Iaéngth.,S f
Aotor dimgl e Suehl epb obi rretion tand PosErarevehye nafgction
of £ the 100ps 15 Woay (5 pl%&f@e B QT 6 P&ESw ObniPethose
reinforcenent ih sections where the need of a ,
rledaforcemntclerass - vseend obn i B¢ akeegitudheatoht¥eteion of

l.e t 0 L. Figure 4 may for exanpl e be a beam

gﬁﬁg§$¥éﬁhﬁ$gé%§%ye%§: According to this solution, the
bsndknglnmnmatst@aﬁabbli@a@@sin%@r¢©@nﬁ¢ﬁé©@ pbrEven
of .t he beam and. tdy, [ tLon Lre
CH Tt oot of 6t i oF sabent: Yuuth EB3G rlnet FRSLF R0
tdteormsinapdt npdiuse2df ¢heh nef ethal cophenes. 1F gatetson to

d 6 _show,an _exampl.e of- t he, us . Lnf
PO - Sh T B 0118 % 5 848 heLA ppepal 2a.
t @o onespossi by ey enbbdi aehindwheat eadheenti8ofrehprovided

|l opps 11 are wound_arou a _cykbindrj u 8
Attot dihg k8 thé %ﬂ@oﬁiﬁg% g%h%%mg%%sgbaérggt% AnaCse
t herebngr et euspoutingestofaseatparé biearbtodBi ng pher like,

20es! e UBSnEBIBE L0 DY PhagLoTE "L 51,865 ooy
Mpdth agh@elet| 6abbBgnpi Boder otheol tke. akcgorepbishows
aﬁggééé?g%ggt%gg%éa22§h&g§ggetQgtgkgggiQgsghgngﬁg %9lindri—
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 tie rod 23 is shown. It should be appreciated,
however, that that such tie rod 23 may be employed in
respect to each of the cylindrical bodies 18 in order to
fix the floating body to 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
person skilled in the art.

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

body.
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part where only the cylindrical tubes 18 and the rein
forcenent |oops are shown. According to this

wepdvomsioest the cylindrical tubes 18 are for neRPCDNO2006/000395

cylindrical steel tubes, positioned at the corners of
the floating body 20. It shodlld be appreciated,
however, that the cylinders 18al so may be nade of

naterlals oth eel, s ch er t

met al +9$¥%s Eage?F8W§.s °f'o l?ﬁiyﬁr@v ﬁéﬁgae way to
Sngﬂleﬂb@dtH@nfﬁbréBefb@hmﬁ@rgaﬂenbflea@Srélnab@cement and
wound, around pairs_of adjacent cillndrlcal t ubes

DBERY 0 | S Y UBP n&R el FREET DASARBOPR- 1 FAnE8r S5t part of

dtﬁﬁcﬁk@@u@fléﬁelﬁh@@tb@gldeﬁtZQteglgﬂr€1§u§€d8§ showrger
only those | oops 11 which are wound in th

| BRgPELdPhaFoldr  BEPREN SoRItRe THPESEI R Eéé§m§@t8|36 are

opdefint orfagil LhakeochntereerB8pbhaingf ntiBeadp&CeAt ament or
floating bodies 20, or t an elenent to a shore

afithbe PBPALS29r E8EASOR thghéo?ﬁ@F§S PR PrEPafigstly

t581§¥btggréﬁé|fQ@dH%%n1§ntbSap59¥hd%9 W Fhobesessedastic
. Correspondingly, the_cylindrical bodies 18 are

meVeaé@lﬁn@ﬁ annapsaEng 7andnaorrgigEc2ReprEgi dBgrRorRted.

aTHe'@oligéebagf§b§epeahauegz§Uﬁg9cgrE@@r@b&yeb@o%uaaed by
or the li ke, for inter- connectln%bor tying together

omeanpoafi Agibedy ralik - argChen st Qtpﬁgsbééﬁ Afigdt hy the
a?@?gEeHEénBuﬁ ggoﬁg aEHeRg'eTE@d1%ErgBMaQ%da%ﬁ%%@e@undle

i nsi e cy cal body 18 by neans of an anchor
puatéhQSpgbleﬁaDV?Meatm@lﬂ@@ Rdy beliiight &hedbypdlg sut of

SQH@“bEPB Eglglgl ?lé %ﬂ%eﬁgﬁgnﬁhﬁaEﬂg %%nbﬁeSh%Wﬁch may

shou appre however t that such t
rbd @Btﬁayedebenplgyédlmg m@@p@cQStGO@@@hSQﬁgtﬁepalr of

bo %T?Egca&hgggl?%%%EIEZZ%rﬁggrggsgl%u%%% ép%%'%gmeans for

0" shore anc tyi'ng two adj acent
neﬁghb@mngngutlbaE|9@85@@&@5szﬁpﬂ@gepﬁeNncvﬁ@damﬂ@wtpC

RegueestPe fhiogt) 90:ch bhE BULLETS. oM s SOkignacen
with. From the rollers 28 the impregnated fibre bundle 29
is pull for example for winding around a drum shaped body
as indicated in Figure 9.

Figure 9 shows an impregnated, but not yet cured
fibre bundle 29 which is wound around two elongated
cylindrical drums 30. The drums 30 may be interconnected
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 rotating the interconnected
drums 30 around its axis 32, impregnated but yet not cured
fibre bundles 29 are wound onto each other, forming a loop
shaped reinforcement 11.

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

be wound onto the drum so that the cross section becomes
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I't shoul d be appreciated that the attachment and the
tie-in of the tie rod may be done in any way known to

w@2@ensoss skilled in the art. Figure 7 shows aP@ENOR@&l000395

section through the floating body 20 shown in Figure 5
, Where the reinforce nent llgops 11 and two
cylindrical bodies 18 are shown. A s shown, the

rei nforcenent, together with the cylindrical bodies,
apgecarranged cwatthe upper hal f of the buoyancy

body. Ghaur %i%d%?l@_{ 3 :shows, e hematd el <& PSS Rl Wassired
to fabricate thefibres formng part of the
iséiampieo roemerimeasd oshowiey Sk et Ao Frabhicc dOeR My Pe

!%%R%d LA he E%&%Hd%gwsﬁgpéa“%é¥é¥¥&¥ﬂ‘yﬁdﬂlgé $fhd, and
iTTustrated in Figure 8 , a |arger nunber of

ctdn:ailrlegjlp;ms téiengloorf illsr exiuRd fin anertisadg Sa @ dran b

R ro s ' foifd | i
P4 FRoeR S ERe g DM g Ry afcerian
aoldldc taetheared drddy dowrtliantexteetysh virfedg it ithe bundle,

pl asti terd.al.s or. | r. i
e
Fﬂﬁ@ qiﬂxytdjbﬂtep;ﬁdlgﬁabdag/s nedrs wirprse arf ridle Lasc®las

e ones j,dentifie t he e - ;
SEARST Mt Sgnted ?alltbér/% un%?ge él}ggét:ﬁew‘leg%u retsdné;\zlled?@%s L is
rad |srclRe muddd mpdridi byt evernt Wie tdendiegte and the

OO e e bunale, b ch may e

rol | erm cEmsehreol teirsf 28campynial sofunetvorn adi af eeams
SR e Tl or hRth T WYL TS TR Bnar e e o
Ifalﬁgg :ﬂﬂgﬁ{ﬁ%dﬂ tg‘rhlues Eﬁ@ifﬂ?édi]efaml maem1lsfa<f8tm3hiem'g nphegnat ed

L BLERUTELE Sty Lol L PEATPLEL o600 59 gk oung
SHoOMBe Ao ATDE @Oat efet hotl descyBbedutedréshbeet bindFégure 9.
Zghgm£fbrésbxg fg ?éoggdtﬁgg Ségggagggund a specifically
developed template, giving the required reinforcement
shape, whereupon a particle shaped material is applied to
the uncured surface of the fibre bundle 29 prior to curing
in any suitable way.

The fibre material used in the fibre bundle 29 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 advantage of using fibre materials of
this 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 bundle will still be



cylindrical drunms 30. The druns 30 may be

i nterconnected by neans of one or nore arns 31 which
W@eooris£d088 m ddl e poi nt may be supported by a sPEF/NO3®6/000395

which is parallel with the axis of the drum By

rotating the interconnected druns 30 around its axis

32, inpregnated but yet not cured fibre bundles 29 are

wound onto each other, formn | oop shaped
peisiftdroaefednsite mt@ur“§mrﬁ%®§0§r§@@m on Hrouwyh 1ess

gé}%e I3 e.0undl e 29 Sean, RPN the e Ath inhifd g es

The fi bre bundl e 29 iI's wound on the drum body
30,31 232 cagparhand e sl ©1 copriley SRS &t én%ﬁﬁ%l%]fs'

[
&}%%érvﬁattrh%\%e Y, tel%éﬁftﬁ%qfa %ﬁﬁdl e 29 rraylégue&im%%lgl%%o ©or

trecredr um so that the cross section beconesnore or | ess

oval . M ndi er@er{@% i o0 st ed ﬂm]beflbre
Shshe ard 4

deS|re pe an I mensi on, e exterior of the |oop
mamcble ,coatued idvh telnpss tam@@céﬁdp%dlqm,erswh BUERPES

%an andjtltlh%r "fgﬁgécpeod@o@f '1 ur%f %&’S%E@Qf € he
mann er e appreciated that t e particle
shiaped Mattdrd aie:shm:tceamwtr elcum yactqpntdﬂer@xﬁcerw present

E]Ilﬁ]f ace of the ndIF 154 ‘% Lhe fﬂxﬂ{ﬁ d nspden §heround

are no exp ose 6 sharp particle surfaces .
e psqose wir h]mmtmmhkeensha@e@m erilz koapedibh able

the ext.erior of .the Ioo 11 is r r
%q%te?%e%u]?%te r?:ojh%fe eensf’;\ln%rg %éee’?q@r?erpb%ﬁﬁl e when
gﬁifit?f@jrﬁjtlrh@ mii&/mmrﬁmrmamte@maﬁ
i fferent sha such as _for t
Chi o ety Ba Y o SrbPl e FETTi RSl P08 £ LAGPRexc, it
el B Lok | ai;gofélela‘t@di egnat e’dbe bt ryetomptatsioedhéiibre
bundl e 29 wi | corre ond t

opndle, 25,11 SOrLEPRING Lo, LhE LR, SepeLLDS: R ox
WOHE &% Oé,kfl@loﬁd:S@@ctél that | yndervel oped tenpl ate, giving

the reqUIﬁgggﬁeéQ rlcai bodies are described above, it
should be appreciated that the term “cylindrical bodies”
includes 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
either 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
the tensile forces, while use of a large number of short
loops may prevent, or at least reduce, spalling 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

carbonized or evaporated away the matrix.

Further, its should be appreciated that although the



shape, whereupon a particle shaped material is applied
to the uncured surface of the fibre bundle 29 prior to
W@ 0070808 any suitable way. The fibre materi aPCTUNOA006/000395
the fibre bundle 29 may according to the present
i nvention be formed for exanpl%e of a material with a
very high nelting point, for exanple exceeding 1000 C

ile the inpregnating materi.al. or the matrix y for
CdRRERe A8 MHAL of HEYOFES: (G ek S © S 8t ounded
plsasiiecs . Carbon or basalt may be a suitable materia
for th figr filaments 26. A substantial ,advantage of
usi ng PrBrt CES ACEFI I & ISVERLO) Rrouitable
paotr afset e reispkercing eifieet, wnld the MRoHsAIREH LR
if the concrete structure i s exposed to ver _
{ BREAFREUFEE Mo df Mo RAmp1re LaTSed By T itFe. CRAKS in the
t kenicreregnating material /matrix is nelted or burned
away, which may occur at a tenperature around 200 "C
the continuous fibre bundle will still bepositioned
inside its "concrete corridor", nore or |ess free of
oxygen. Since oxygen is not present, materials such as
carbon and basalt or simlar type of materials, may
wi t hstand very high tenperatures, such as 1000 C or
nore. If the reinforcenent |oop is nmade of a thick
fibre bundle, wound few tines around the | oop, such a
fibre bundle will be pulled out of its "corridor"
after the fire. If the reinforcenent |oop according to
the present invention is made of thinner fibre
bundl es, wound around the | oop a very | arge nunber of
times, the loop wll able to withstand substantia
tensi on even when the inpregnating material/matrix has
evaporated away. Unl ess otherw se explicitly specified
in the text, it should be appreciated that the term
| oop al so shal
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i nclude w nds or helixes, forned of the fibre strings
or bundl es according to the invention. Although

waeyilornsiosgal bodi es are descri bed above, it sheti/NOb@®6/000395

appreci ated that the term"cylindrical bodies"

i ncl udes a body where the surjaces, around which the
fibre reinforcenent is wound, are curved. The part of
the cylindrical body which is not intended to be in
contact with the fibre réiff ércdefert may have any
suitabl e shape. It should further be appreciated that

the cylindrical body either may be solid and conpact

dr. maRege fegidemenii tutCARsAels Ry IO T heeTREeRt1ve at
ldeas RYL Raron dde shaul i be appiasi at ed ddat dhatudiber of
fibre l'oops may range fromthick and long to short and
tshimgld rfidorebiMiatdnentes wWelbdratvdien ek ANt thiBRETLX,

lJ_QOOLQE' 418 éliaé(e?ggﬁﬁlé,e d & foUcesy Whif&dsgr fnhfch being
|"arge hurber of shot't oops may prevent, or at |east
reshioe] wipdl |14 npofiche Joeedtedcatsed byueuiek for
inQ{eqfe ggh&enperature in case of fires. This may be
dUE T he tdct that a single loop will function, even

id Hhe heatc fromthe fieedhat marbont Zeee oretvapbearedt
away the matri

.. Fur Moo h be chat edoecatedl
th p%ﬂ??ﬁnﬁﬁ1%§%ﬁ%o%£ga?% %é% ,9¥ e@’ﬁ%@ﬂgéﬁl$9hav%eg eeHy
et ed0tg | @S ss & odinfldor s hapeing Samdl | thaopsaddcbedbhg) t o
the pnv ion are suitable fo e | tQ.
g%%?#%fan%% e THOpEnay %?%% %?e%eﬁ?ﬂfﬁﬁﬁ%%Foﬁl%?’ the
ceReki o ans Moows eocr aokswindt hencohenete a€ £nd anghor

s_1 . Reinforcenent for.concrete n rising
atOF €5t %%%ng?ﬁﬁﬁﬁ?%g %?r?ﬁ% ?%?ﬁ%%ggfégegﬁg [er
nunber of single fibre filanments which, when enbedded
in a mtri

, forma fibre . string, the exteri r% :e £
o¥'mhi%ﬁl%€?ﬁﬁe%%5 eﬁcﬁffﬁlggpggtF% %msﬁépghgﬁg?gr gﬁ,s ©
SUEBpasafOrused, the ends of the loops overlapping each

other, forming an intermediate zone in the concrete

element, subjected to compression.

3. Reinforcement according to claim 1 or 2, wherein at
least one end of a loop runs around an embedded

cylindrical body.

4, Reinforcement according to one of the claims 1-3,
wherein the opposite end of at least one loop runs around

a separate embedded cylindrical body.

5. Reinforcement according to claim 3 or 4, wherein the
embedded cylindrical body may be compact or hollow, and
may be made of concrete, metal, such steel, plastic

materials, cardboard or similar materials.

6. Reinforcement according claim 3 or 4, wherein the
cylindrical body or bodies are provided with recesses or

attachment means configured for exposing the reinforcement
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exanple sand, char acteri zedi nthat the
rei nforcenent conprises at | east one or nore | oops,

w0 ooomesBoks repeat edly wi ndi ng of said fibre stPCTyO2a0d/000395

that said | oop(s) preferably are closed or laid in a
continuous wi nd, the ends ofl1éhe | oops or the w nd
function as an end anchor for the reinforcenent in the
concrete elenment. 2 . Reinforcenent accordlng to clalm

1to GAREiEh pales B FobpechiRg (RediDe HeeRRHEt Bf ot FRENT

| QOP&, OVES |1 3DRh ey eashe oL her | sdoram Ny picént ecordi-ate
zone 1 n the concrete el enent, subjected to

cokgitestsi on. 3 . Rei nf or cenment according to claim1 or
2 , wherein at |least one end of a |oop runs around an
enbedded cylindrical body. 4 . Reinforcenent accordln%
t'D. onREnferecenan saacardier &P o heCbphli Fe2éfha bF

483 aroundrgraepasat & sshgdded 1
cf?lﬁﬁﬁéég?gbo Pe E@lnforceﬂe§€agcc§rglng to glgﬁﬁsrla

xmpmSlMepJeqeﬁemJ@lm@@@a@@ eyl padrital body may be
conpact or hollow, and may be nmade of concrete, netal,
such steel, plastic materials, cardboard or simlar
n@it er | Bé snf6rceRenhf accenshng ateopdt ngt cthenrasnsal-"7,

Vth Eéfntpﬁecygbﬂgrhge 899¥e9én909éﬁ§tﬁf§nef@KbQGQhe loops

recesses or attac nmeans confi gured
eap®sc@@cen9rleahﬂgr@enenged véhbi vaspefrer tpoeach other.
concreting of the concrete el ement and/or to be used
as tie-in for an adjacent concrete elenent . 7
RQLnfoMeEhedtfaccoodcmgtuogoaereﬁnfheceﬂapﬁﬁcxeﬁe element,

wherein _the fibre | ar |
n%?%??aFﬁ%oﬁ%%ngﬁcg%E% ng 95carb%fﬁ 2?8 gﬁ% teqongated
Re&s pabon ceéirene aooprdbm@edooﬁne emaﬂheHUMQEWBOf $1ngle fibre

mgbggﬁgn he oo Sa?%v%e%%E edﬁgtwogﬂgtgnaQQd%Qa% %%oduce a
reinforcement loop, embedded in a matrix and coated on the
exterior with a layer of particle shaped material, such as
for example sand,
characterized in that at least one
cylindrical body is positioned; that the end of at least
one closed loop formed as an elongated reinforcement loop
made of elongated, continuous carbon fibre string is
arranged around the cylindrical body, while the opposite
end is kept fixed; that the elongated reinforcement loop
is tensioned in its longitudinal direction, whereupon
concrete is poured and whereupon the tension is released

once the concrete is sufficiently cured.

10. System for reinforcing a concrete element, intended
to be connected to an adjacent, separate concrete element
in order to form a inter-connected concrete structure,
where each concrete element is reinforced and where two
adjacent concrete elements are tied together by means of
an intermediate anchoring element,

characterized in that at each end of each



are concentrically arranged with respect to each

other. 9 . Method for concreting a reinforced concrete
we@b@mesi3s where the rei nforcenment conprises atPCENOR0E000395

el ongated carbon fibre |loop fornmed of a small nunber

of single fibre filanents whikh are repeatedly wound

in order to produce a reinforcement |oop, enbedded in

tri coat.ed on the exterior th a l f
pa%cé:lee s R Hat eq] chflfdsﬁ’ ¢ fcé’\rlEﬂ @%‘Hﬁf
h embedaleti,t e neﬂhﬁbnbemdmﬂIpﬂeﬁﬁrdhﬂyﬂchﬁilses at least

cylin rlcaI 03|t on that t he end of at
é&?t |%§i§%4%%£ %ﬂyous manner

r euemwememem dreomdrade: oj‘woellmgiat@d:rﬁqu | AHIOUSdrical
rbon fibre str S arran und the cylindrica
b .|aefﬁwe§ﬂ%&s.etaecher?@ §fk e AR thatl Rt -

eIongated reinforcenent loop is tensioned inits

i tudi nal directj.on, whereypon concrete is poured
o SHSEOh AT RS G (S8 edSed RS- Hete

CQ@Qh&b@fde‘ﬁne&iﬂ fdeientdes Gordnubhs stigBd ade up of
% % orcing a concrete elenent, intended to be
conétted to an adj acent, separate concrete el ement in
order to forma inter-connected concrete structure,
where each concrete element is reinforced and where

t W6 - adPYEERN SRt %t eneiEs tarld t e ioidet e rernal

rre@&eaefe VEF Itmteerdgectjoat & BNGRONING &R Wi & dréhual
cteri ze i n that at each énd of eachconcrete

elS¥FERC |f@ataleéjarqu|%?gldcﬂcthﬁreidcéqo Bowy gxtesmreddeface of

t heor @ cemitepreferably conprises at | east two
| oops extending preferably in a continuous manner

bet ween and around the two | oad carrying cylindrica

?‘%@' €S ty%rtre%ﬂ%%cﬁ:tdﬁfbcrioe%e‘ﬁoﬂ '%%ec%l%tl%se B e herein

em according to claim 10, wherein the

réieﬁeaseenaae dommasds ¢t itreowy Isndmige mlenantef, in

fib@S +o facilitate interconnection between pairs of
concrete elements for formation of a chain of tied-in

concrete elements.

14. Method for fabricating reinforcement nets of a
composite material, comprising loop shaped reinforcement
elements extending in transverse direction and
reinforcement element extending in longitudinal direction,
wherein the different orientated reinforcement elements
being interconnected in nodes, thereby forming a
reinforcement net,

characterized in that a plurality of
elongated loop shaped fibre elements are arranged in a
rig, so that the loop shaped reinforcement elements are
correctly positioned with respect to each other, whereupon
reinforcement elements extending in longitudinal direction
are pulled over the loop shaped elements on the rig and is
attached to the loop shaped reinforcement for formation of

a reinforcement net, and that an elongated string is



12. System according to claim11l, wherein the externa
surface of the carbon string is provided with a
w@e@nosdossur f ace, formed of sand adhered to thBCT/NO2006/000395
external surface of the carbon fibres. 13. System
according to one of the cl ai H% 10- 12, wherein recesses
are formed in the two cylindrical elenents, in order
¢ it Nt . ey .
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concrcette ellemretaps 1ot Wit hodls ovf fiabe | baep ng
rei nforcenent nets of a conposite material, conprising
| oop shaped reinforcenment elenents extending in
transverse direction and reinforcenent el enent
extending in longitudinal direction, wherein the
different orientated reinforcenent el enents being
i nterconnected in nodes, thereby formng a
reinforcenent net, c har acter i zedi nthat
a plurality of elongated | oop shaped fibre el enents
are arranged in arig, so that the | oop shaped
rei nforcenent elenents are correctly positioned with
respect to each other, whereupon reinforcenent
el ements extending in longitudinal direction are
pul | ed over the | oop shaped elenents on the rig and is
attached to the | oop shaped rei nforcenent for
formati on of a reinforcenent net, and that an
el ongated string isattached to the ends of the |oops,
the string also being fixed to the | oops at the ends
of the I oop.



