NETHOD FOR STRENGTHENI NG REINFORCED CONCRETE STRUCTURES SR
BACKGROUND OF - THE I NVENTION  (Field of the 1 nvention) - - - Thi:s

i nvention relates to a nethod -for. strengthening relnforced concrete’
structures and in particular to a ‘nmethod for strengthening rei nf or ced
concrete~structures using a fiber reinfdreed plastic plate. (Prior Art)
Recently, it haSMEEHUD'F@RSSTRENG¥HINQNG'REINFM&CEDO<v‘&5§EE§£F'BCTURESQIFderS
of hlghmay bridges or buildings deteriorate due Ve Ol O ?“\or fatigue of
rei'aforcing steel, neutralizatpkcROURDOF HE rh | @.; rengt heni ng
of such defects is conventional ly done by bong eﬁE %Dp e to

concrete dq@-ligégr gi¥e hvedbisd) i s often cong te,c14|ju139:har er space
surrounded S. The steel plate is so hed SIS Py such as a

crane Lruck 1s neopsRAveRtlof trelatednth DU BND tiacks, but

It is sometines inpossible to use the crane bEC J

condi ti on. ljé‘iﬁi‘gﬁéeq_acoﬁiifrfeﬁﬁes&fuct‘ﬁi‘gﬁr5’5%3 Jiﬁ-{] ‘\ R

but usual |y roug hus order to bon ptat
structure %@b?ﬁﬁéh 'Hel*'x?of‘@éi?%% b¥etd %’tﬂ‘u‘ﬁlﬁﬁf‘eé PO hayebes Lﬁél'n?bﬁégd y
to avoid an ect of” surtace roug ness o concrete structures, which
woul d cau;gﬁgkgub On the other hand, an attention has been
paid to a str ngf%enlng met hod in which hlghmay decks or girders are
strengthenq@ % er reinforced plastic plate, thereby the

st rengt heni ng morﬁ ei ng conducted w thout holding up traffic. In such a

strengthening net hggdee AIILET i@ &S HeehSif 0 AbUY GRELLDorPRhBL concrete decks

or girders of highway bridges or buildings deteriorate due to

ay

corrosion or fatigue of reinfdrcing steel, neutralization of concrete
and the like. Strengthening of such defects is conventionally done by '
bonding a steel plate to concrete decks or girders, which is often
conducted in a narrower space surrounded by decks. The steel plate is
so heavy that a.crane Such as a crane truck is necessary to lift up
and bond the plate to the decks, but it is sometimes impossible td

use the c¢rane because of a spatial condition. Further, a surface of
concrete structures is not always smooth but usually rough. Thus, in
order to bond the steel plate to the concrete structure completely,

it is necessary to thicken a bond layer sufficiently to avoid ah
effect of surface roughness of the concrete:structures, which would
cause troubles.

On the other hand, an attention has been paid to a FRP
strengthening method in which highway decks or girders are
strengthened by a fiber reinforced plasﬁic plate, thereby the
strengthening work being conducted without holding up traffic. In

such a strengthening method, after a resin is coated directly on a



-2z surface of concrete structures, a unidirectional fiber reinforcenent =
in a formof sheet such as, for exanple, those described in Japanese .
Pat ent Kokai No. 3:224,901, is inpregnated with a resin followed by curing -
thereof to forma fiber reinforced plastic plate which is sinultaneously
bonded to the concrete structures. This Bs-called as a Hand Lay-Up curing

net fod, thgapbycd RE eoneret® struutirdsss abehidiretitiongl et evenforfcdrent
surface is nore or |ess rough. The Hand Lay-Up nethod is quite convenient

because nojiheavisrm oft eheet sithaassifer! eRb@pbe, Thosaudésutiveaney efapaieise!
there exists followng problens caused by In-site curing of FRP.

(1) At firphtemt) HEKr §E. r DS124,001 CORS Q@peBghdtRduRdehr §udsaaefoDiowebiyet e
structures such as decks and girders. If the resin has |ower viscosity and

poorer thi ¥gkiRPYchdrd@fUBs Udtth besikert SRR sfeddHladei® flad@ khgek U ace of
the concrete so that an sufficient anmbunt of resin can not remain on the

surface andjaiiPfaddyas1iyUbosdad thethd conrbté YstidRenupss ! 0 MakkesSca I ddas
site. (2) Under a condition of increased viscosity and thixotropy,

runni ng doynggnd Uy -URSklir P Rethed, aherBBy CEHRcoRBréfd &tHucthifes asdihg i Nto
the fiber reinforcenent extrenely slows down and in fact the resinis

little i npeepERdEfbriclCEbAILF the surface( 3% féztéero_raleggqroﬂfghqn TRé | Hdvd
thereof, as the resin is gradually inpregnated into the fiber

rei nfor cempay-ygidetdRal k"G tel BEARIALENE FBYACke RYAREawit FatUFVARIAd 2
bet ween the 1 npregnated fiber reinforcenent and the undersurface of the

deck. BeCagﬁéeprltd&htigefé?uﬁedt,hﬁoﬁ@!&ﬁ?kﬁiﬂf%erb“&fiﬁ?&‘f@héﬁﬁﬁg air is
not deaerated spontaneously to forma big void after the resin is cured.
As a resubronPedsusell byHid-sit¥ddanguesr mp.ch is typically observed
. (1) At first, an uncured resin is ccated on the under surface
of concrete structures such as decks and girdgrs. If the resin has
lower viscosity and poorer thixotropy, the uncured resin tends to runm
down from the surface of the concrete so that an sufficient amount of
resin can not remain on the surface and that thus run down resin
dirtily adheres tolworkers in the site.

(2) Under a condition of increased viscosity and thixotropy,
running down of the resin stops but an impregnation rate of the resin
into the fiber reinforcement extremely slows down and in fact the
resin is little impregnated thereinto.

(3) After a deaeration rolling therébf, as the resin is
gradually impregnated into the fiber reinforcement, air contained
therein is moved upward and accumulated between the impregnated fiber
reinforcement and the undersurface of the deck. Because of tightness
of the concrete deck, thus accumulated air is not deaerated

spontanecusly to form a big void after the resin is cured. As a

result, a layer of FRP is swollen up, which is typically observed



-3-. when the fiber reinforcenent is applied at a higher position... - .
(47 Rai nwat er goes down on the surface of the deck or girder -and gathers . -
to the void through cracks of concrete. Under an outer .condition below.the
freezing point, frozen rainwater therein is swollen to separate the FRP
fromthe deck. (5) During the ~e8i+ inpregnation and deaeration

rol1+ng, thghedi iy fidep! péDefertenent aid YPPLOEd SAL S highes goxitlibp.from a
portion to be strengthened to allow the reinforcing fibers to zigzag. This

shoul d decrease str@EnNgREisnster FoesNBSNANC Bhe PEWHTRICEl 65 BHhE ldeak ofDgiHdey
In tension of the fiber reinforced plastic plate.

SUMVARY OF 3hi $d0fe¥El € the void thiobgh ¥FaeRkeét UncrBEePr afpRer ahVArHdron
to provide a nmethod for strengthening reinforced concrete structures using

a fiber reph@i€rsh meaataiﬁh@lfateez;bu%cgtaﬂdtrzgfaowﬁiﬁaiaﬁaeexecmlreiﬁ syrface
of reinforced concrete decks or girders and then |lam nating a fiber

rei nforcemegjolled theepatSEeNtHae FRPNE Foll theededy, resin inpregnation and
cold cure wherein A) the resin is a cold curable epoxy resin having

density of 40 to 26 par$eg aHe FekDh XDigranat e andl ddabrdtdidh Poldfk. the

(B) the fiber reinforcenent is a unidirectional strengthening fabricin

whi ch a sereegePiréiobandntain af PALRAST Aheet! tOFA @8 SDip Bdh 8UPSAG®N to
sides of a sheet of yarn strips conprising flat reinforcing

fiber-nultijil sewetgendned. tadabwatRe %éim?@ing'rﬁicﬂerr%%é Ofizag . anfini &
parallel to forma sheet and have no flex where stress is concentrated,

and a seri egh@hldMdcrieBs¥ ¥EFdhgth’ 8Ad Sotid akbRinicall BeopRetiey kapknis are
woven with the ancillary weft hreads to hold the yarn strips in one
piece, 1ntehaautss ¥ t8hsDon of the fiber reinforced plastic plate.
‘ SUMMARY OF THE INVENTION
It is an object of the present invention to provide a method
for strengthening reinforced conerete structures using a fiber
reinforced plastic plate by coating a resin on a concrete surface of
reinforced concrete decks or girders and then laminating a fiber
reinforcement in a sheet form thereon followed by resin impregnation
and cold cure wherein
(A) the resin is a cold curable epoxy resin having density of 40
to 200 poise and a thixotropy index of 3.0 to 8.0, and
(B) the fiber reinforcement is a unidirectional strengthening
fabric in which a series of ancillary weft fhreads are allacated on
bath surface sides of a sheet of yarn strips comprising flat
reinforcing fiber-multifilament yarns, which are arranged
unidirectionally ahd in parallel to form a sheet and have no flex
where stress is concentrated, and a series of ancillary warp threads

parallel ta the multifilament are uoven‘uith the ancillary weft

threads to hold the yarn strips in one piece, interstices existing



bet ween adj acent relnforC|ng flber-nultlfllanent yarns to sol ve the o
probl ens i nherent in.conventional strengthening of reinforced concrete . . .
structures as described above and to provide a nore effective, si-npt er and
nore reliable method for strengthening such structures. The
interstices between the reinforcing fiber4multifilanent yarns of the fiber

reinfor Ce”EBétwéexpraﬁr]Qééﬂ% Yreifare BT i8br Ondl I laként . yarH® téh€olve the
rei nforcing fiber- tifilament yarns and ancillary weft threads are

preferably BpasiEshdY nRet@t MBI coRgeMAlonEEr s@fhx%'tﬁenih@%’f relinfereedent .
Accordlng to the present invention, in a nethod for strengthening

reinforced ggpeFetes s%uelt:ﬁregse%suaes”&ﬁehl bsévé ¥n@f 85 Cprbvideaat n6re! ate by
coating a resin on an undersurface of reinforced concrete decks and then

| am nati ng afféaqrver ekDhPI&e Al nbFe Felishie uféi'.rh@ﬂit Per eéa&efngk:henm byychesi n
i mpregnation and col’d cufe, the resin Is a cold curable epoxy restn having

viscosity oftfAfe#es00 poise and a thixotropy index of 3.0 to 8.0, the
fiber reinforcenent is an wunidirectionally reinforced fabric of non-crinp

structure having ampel Pﬁ@éx%ﬁl%soﬁe&e%nmetfbﬁxfgrm g DSineReRufit 8 1 1ament

multifilanment yarns of reinforcing fiber. Accordingly, the follow ng

effects ar egQPr%é'd’fal%bE fiber reinférdemBA® iEtS;?] t@?ﬁﬁlﬁ‘oj{.n & MAngaver fd qnmgnhe

under surf ac the concrete structure so a predet erm ned anount of

the resin i gokeRy o, hefﬁé’rkﬁ'?ﬁ‘d%n?ﬁ’ ﬂl'iSBE'eﬂﬁ‘ﬁﬁltlgm&}?@ Jd ah@' Qﬁ@iﬁ%‘f?”t

(2) Because of eaS|er deaeration through interstices between

rei nfor.ci ngubt P&ABALL! Sid gﬁlpe‘?terXﬁIlPSaon\i@Png o TRLLasL & p%‘i@lnlefn&x Yhet he

CFRP plate can be prevente hi s fect
fiber reinforcement.

According to the pre#ent invention, in a method for
strengthening reinforced concrete structures using a fiber reinforced
plastic plate by coating a resin on an undersurface of reinforced
concrete decks and then laminating a fiber reinforcement in a sheet
form thereon followed by resin impregnation and cold cure, the resin
is a cold curable epoxy resin having viscasity of 40 to 200 poise and
a thixotropy index of 3.0 to 8.0, the fiber reinforcement is an
unidirectionally reihforced fabrie of non-crimp structure having an
interstice of 0.2 mm. to 1.0 mm. between flat multifilament yarns of
reinforcing fiber. Accordingly, the following effects are obtainable.

(1) The resin does not drop down frdm the undersurface of the
concrete structure so that a predetermined amount of the resin is kept
thereon enough to impregnate to the fiber reinforcement.

(2) Because of easier deaeration through interstices between
the reinforcing fiber-multifilament yarns, void formation and
sWwelling of the CFRP plate can be prevented. This effect is

typically significant when the fiber reinfofcement is applied at a



typically significant when the fiber reinforcenent is applied at a o
hi gher portion. L (3) As the fiber reinforcenent is not shifted -
unfavorably during the rolling process for inpregnation and-deaeration,
out st andi ng nechani cal properties as a fiber reinforced plastic plate such
as increased strength and nodul us in tensiSon. Further, when the
fiber reinfgigﬁggiPoﬂﬁithnded by use of a lownelting polynmer extending as
aline or a dotted line, additional effects can be obtained as in the

following. (01hsDuré o et FbivFdHcemBRe B GotOkhifed AnrhbbFraARat i on.
and ° deaeration at working sites, the reinforcing fiber-nmultifilament yarns

and anci | | apyrifg O3S rogY ehg iirdeeld¥efor WhipeBzhdB oY 8d Medetditibhy thereof.

(2) Disorders of fiber arrangenent is not occCurred during the rolling for

| npregnat i Oeuﬁ.ﬁgarﬁﬁ%%r @bbRAN 1HMIC prapsidst h8Na O 1 HarJBei PFASTH Blastic plate
Accordingly, the nost effective and sinplest reinforcenent of “concrete

Structures ggpn bes Q%irﬁiﬁggdv&ﬂﬂbgéﬁﬂaéﬁmoﬁuiﬁéiﬁpit!ehkion. , ,
BRI EF DESCRI PTI ON OF THE DRAW N FIg. 1 1s a partial perspective

view of an under surfagges| deherPihd HPGds %ggbomta@smdebgf ubdor a

present nmethod for strengthening reinforc concrete structure

Fig. 21s aleﬁirﬁéﬂin%ePﬁl??ﬁéf Vé?ct\éhlﬁ#vgfasa@ EXARYE aof-lo?:?ég& tE%rn.e, additional

rei nforcenent used | he” present nti on. IS a Ccross

section of bbPshtd Gl Q5C - f ing. DETAI LED DESCRI PTI ON
AND THE PREFLIEEE E%ré’wl VERTS B fortoming v to drawings, the

present, invention Wil plfing cutting process and rolling for impregnation and

deaeration at working sites, the reinforcing fiber-multifilament yarns

)

and ancillary threads never be frayed, which improves workability
thereof.

(2) Disorders of fiber arrangement is not dccurred during the
rolling for impregnation and deaeration under a condition of high
pressure.

Accordingly, the most effective and simplest reinforcement of
concrete structures can be achieved with remarkable reliability.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a partial perspective view of an undersurface side
of a deck which shows an example of the present method for
strengthening reinforced concrete structureé.

Fig. 2 is a partial perspective view of an example of a fiber
reinforcement used in the present invention.

Fig. 3 is a cross section of an another fiber reinforcement.

DETAILED DESCRIPTION AND THE PREFERRED EMBODIMENTS

Referring now to drawings, the present invention will be

detailed in the following.



“detalled in the follomnng S ' ' - 6-

Fig. 1 shows a di agramatic oblique VIeM/Of a deck seen froman under
surface-thereof, which illustrates the present nmethod for strengthenlng
reinforced concrete structures. Fi ber reinforced plastic plates 2, 2', 2"
- - - are’arranged parallel each other toga |ongitudinal direction of a

concrete deck 1 at pggual Smamea alsbrimRded oliqukevusslesr Qlideagesdén tmm an
deck 1. In addition, simlar fiber "reinforced plastic plates 3, 3",

- are also a&&&“%&fﬁééathé*eofeaﬁﬁl&i HenubPratdy ¢heV\hAEseHy aethes fir t he
deck 1 at equal spaces to cross over the |ongitudinal plates 2, 2', 2"

f:@:igbmlhg PeintRiredd d&HdreRs SEBEUWAGrbar SFIIfé’i'gtrlé@H_fBﬁcé’d deck
by neans of fibet reinforcement, the under surface of the deck is cleaned

by organi c sehyend plugbsas, goct ome- r SR dHdigekOpEPATIL ebh! offierdity a

etc. adhered thereto followed by filling nortar or a re5|n I n cracks or
concrete de%ﬁﬁﬁh&ﬂh@lsuifé’éﬁoﬁngfgd idddePOte R Ydge ?ﬁcé@ a%iﬁ)%gded
the bondi ng surface f necessary, the surface to be sirengthened nay be

roughed usi EH R ureBNBUFF ace o?afordeckni Or 0ff JluQj tiBA OV Q38! Pober

properties between the plate and e concrete surface, an epoxy resin

primer havi Pglﬁweavbiggﬁé Ylagestfienrapghied an thes fid fa62n388 SddA4RE

to stand for period o about a day to a week to cure the prrmer” resin.

Subsequent| yacR otHElY k¥ & ESidystfisé f(}@:@c@%nr@f rtfh@r as&rsnt ts eaaahffga&% ktge

under surface of the deck by use a coating roll to aI ocate

rei nforcemeplqadd c?vefrO'i:Héoior?él%h{%e f| Qggléuﬁzfnnalznor_ crosswi se direction

of the deck at equal spaces rel nf drcement, ~each fiber is

arranq?d parall el 4QchbPgiA@NY BUEyPtlaldubeirP hethB8 for strengthening a deck
‘ by means of fiber reinforcement, the under surface of the deck is

cleaned by organic solvent such as acetone or soap water to remove
dirt or oil, etc. adhered thereto followed by filling mortar or a
resin in cracks or concrete dents on the surface and grinding
protruded concrete to smooth the bonding surface. If necessary, the
surface to be strengthened may be roughed using, for example, a
sander. In order to improve bonding properties between the plate and
the concrete surfaece, an epoxy resin primer having lower viscosity is
then applied on the surface and allowed to stand for a period of
about a day to a week to cute the primer resin. Subsequently, a
matrix resin of the fiber reinforcement is épplied on the under
surface of the deck by use of a coating roll to allocate fiber
reinforcement in a form of sheet to a longitudinal or crosswise
direction of the deck at equal spaces. In the fiber reinforcement,
each fiber is arranged parallel to the longitudinal direction. The
fiber reinforcement is further coated by the matrix resin and rolled

to simultaneously perform resin impregnation and deaeration followed



fiber. reinforcement is further coated by the matrix resin and rolled to

si mul t aneously performresin inpregnation and deaeration followed .
-7- by cold cure. Simlarly, the fiber reinforcement in a‘formof sheet 'is
further allocated on the deck to a crosswise or a |longitudinal direction

t hereof dt equal spaces followed by resih-coating, rolling, resin

i npr egnat i %g, cHERed e .ONSapill AAlyd €HE Eride?d tBiAfoYRement! Byeds foeh bf héfieet
reinforced plastic is |lam nated on the under surface of the concrete deck

to strengt RenePendle @ 10PEREN B EheNdéc YU L! BFosifdiReor 04 Kdngangifnasuch a
I am nating process is repeated to increase the thickness of [ani nation,

i.e., an anguphtPén rﬁfdﬁ'@@fcéf‘%dcuiaﬁeépaé@'& Folllswéd thyPireskn adhtiagy epd 1 tin,

process for strengthening decks as concrete structure by fiber reinforced

plastic, whgghpi fm#esg%at? | oy&fbraBidh ey @38Alcdp ENtThOBhis way, a ldyerol d

curable epoxy resih I's used in the present invention as a matrix resin to

apply on the gnder f%fﬂf%.@e@fgféyi‘gefg Knindted "BF adRaufdePtsuritheefl 6P ethe

rei nforcenent. Because of outstanding resistance to alkalis, the epoxy

resin s NoloneRLtQUftbi'3h defldiitdn the Mhddke | DOFeriidgl BR ANdfuidedadgiidenc

condi tion concrete. epoxy resin has:superior bonding properties to

concr et e SUISkHERRn A0oheh N Afiilabinf | hiicbes bl okt RARSI0EE ADioreaea! RO o

to effective hening o y such fi'bers. Further, the epoxy

resin as ach'ﬁ'géjeéﬁ: ?Sre&%p}ﬁaﬁfdﬂ,' y.gur ﬁ%x AmoAtNdE FENTBEEL £z F1betUr i THES

t her eof procée owng to stand for a certain period of tine

after fhe rg E?ﬁgﬁfﬁﬁ¥y5ﬂﬂiQanéﬂq?angﬁtﬁf&ﬂgﬁsngopoﬁﬁﬁéﬂltﬂaﬂiﬁg”déaks as

properties 0 epoxy resin nake e strengthening work of decks easy.

ol TOSSldeRILE CHLARCAE Y FhbeRPPEARIR BRALIY, WHAGR 19MMdod De

employed in the present invention.
A cold curable epoxy resin is used in the present invention as

a matrix resin to apply on the under surface of the deck or to
impregnate into the fiber reinforcement. Because of outstanding
resistance to alkalis, the epoxy resin is not corroded nor degraded
with the laps of-time under an alkaline condition of concrete. The
epoxy resin has :superior bonding properties to concrete structures
and reinforcing fibers, which considerably contributes to effective
strengthening of the decks by such fibers. Further, the epoxy resin
as a matrix is conveniently cured at room temperature and curink
thereof proceeds while allowing to stand for a certain period of time
after the resin impregnation. Such outstanding bonding and curing
properties of the epoxy resin make the strengthening work of decks
easy. If thermosetting resins are used, appropriate heating means
should be necessary in a strengthening site.

The epoxy resin used in the present invention has density of

40 to 200 poise and a thixotropic index of 3.0 to 8.0. When the



~The epoxy resin used in the present invention has density of 40 to 200 . ..

pei'se and a t-hixotropic index of 3.0 to 8.0. \Wen the S
" -8- density is less than 40 or the thixotropic index is | ess than 3. 0, the
uncured resin on the fiber reinforcenment tends to run down therefrom so
that a sufficient amount of resin can nog be remained on the surface,

whi ch decr egerity honlésyy thhheld drettheethitetrdpdk hmdes He lessethamidaDor thel
plastic plate. Further, the resin is not enough filled in the fiber

rei nf or cenegicdred restmsan tthe Sibeangichaforgementl tends Tioe rnonddenvihesef nom
adheres dirtily to workers under the deck or is cured during running down
t hereof to sausmtugl yuffiienteasownt ofheesin evansuot doe rematihedrei rifher ced

pl astic. Because of |ower viscosity and poorer thixotropy of the resin,

the fiber rgirfadeGeqhiéh deereakesnn Gondhngteffweds betwedn [khier decka gmaf tthen to
be strengthened, thereby zigzaging fibers and | owering the reinforcing

effect of thphersheehfoddets plastengilfatand Paftfermechanrexiln fsopet temmghuch
as nodulus in tension of the fiber reinforced plastic plate is apparently

decreased. filled in €Re tfithedt POinfrtdmen6dts imcreadet tion sktrengthenivigscosity
nore than 200 poise and a thixotropic index nore than 8.0, the resin is

little di spersat.anghénsed fdoknenésin iadpecgpadiaetily tbenorkerksoundeay thiel Beck
because of higher viscosity thereof, when the resin is applied on the

fiber reinfgrceimiirelod®imgd rbhnirﬁ@rcmlﬁath@ﬁecﬁnd:odeaesatum unevénness on
Accordingly, even when fiber reinforcenment of superior strength and

nmodul us i N {REduder SuPMIBOVEILhe FifToredd ShlatdehenBegausel beclowdrer eof
“with such a resin is not exhibited and expected strength or nmodulus in

tension is ppéeddiity BAE poorer thixotropy of the resin, the fiber reinforcement
E in a form of sheet tends to slip from a portion to be strengthened,
thereby zigzaging fibers and lowering the reinforcing effect of the
sheet. Thus, strength and other mechanical properties such as modulus
in tension of the fiber reinforced plastic plate is apparently
decreased.

On the other hand, under a condition of resin viscosity more
than 200 poise and a thixotropic index more than 8.0, the resin is
little dispersed and insufficiently impregnated in the reinforeing
fibers because of higher viscosity thereof, when the resin is applied
on the fiber reinforcement followed by impregnation and deaeration
rolling. Accordingly, even when fiber reinforcement of superior
strength.and modulus in tension is employed, a combined strengthening
effect thereof with such a resin is not exhibited and expected
strength or modulus in tension is not obtained.

When the resin has viscosity of 40 to 200 poise.and a

thixotropie index of 3.0 to 8.0, various problems caused by lower

viscosity and poorer thixotropy such as running down of the resin,



When the resin has viscosity of 40 to 200 poise and a thixotropi'c i ndex of - -
3.0 to 8.0, various problens caused by |ower - viscosity and poorer .~ - -
t hi xotropy such as running down of the resi-n, - - - h

-9- difficulty in retaining thereof on the fiber reinforcenent,

i nsuffici'ent bonding effect between the-d®ck and the fiber reinforcing

pl astic pl adefficeManiaspebdining Ghémdofs enf 866 Pibdrheeinfordementyent,
zigzaging of reinforcing fibers and the Iike. Although inpregnation rate

of the resi Ankffpéiemt baheing EfesPricdm@enothe deek bng thedribegi nf or cenent
proceeds steadily. However, there still exists a problemof void even if a

condi ti on OfreigBbreigs pdaktic iplatbal hdvennekBeof ai@e odeeErsitehcabepeshd N
general, air contained in the fiber reinforcenment is replaced by the resin

after inpregeahfeFcauat,deegiaiingnof Otdinfart g ifber®0ypd thenaideandilthaugh
col |l ected between the inpregnated fiber reinforcenent and the under -

surface of Ghgré@sdtionVtatd dOUHe Pedti As BaER&SELAYe ! tHO NRSTRgAbtide into
concrete deck, thus <collected air is not deaerated spontaneously but is

left as a bitfeVPiker Heliff of dendmS pRaddedsls@8ad iy Ch HAGEGMS, aHedvestPf1 FRP
to swell up. Rainwater goes down on the surface of concrete and is pool ed

in the voi dxi¥bscd friodeéfSofitvaadt BVREIiEt Ur BoR@l1MInS ePZpEQin Gildke63ity is
expansion of the frozen rai nwater causes cracks between the concrete

surface andfhfi€en i AfthecrBhfe REcPiBEd idboRkat eI gbneRdld df¥eRont8PAEAIR the
these materi al s. According to Jl S(Japanese Industria

St andar d) - Kr§8éB. re imtRTeeRERE i Orep fedE DyNtHE SEQHIN ¥ EEr CRiprie@daidn &hd N
the following. Using a single cylindrical rotator, 500 m of sanple is

placed in aqe§ePARiditrol M tHer@bs VimAREEUBhald SR colléded WatREeR tHE

sanple after a tenperature t hereof has reached to predeterm ned degree and
impregnated fiber reinforcement and the under surface of the deck,
which forms a void. Because of tightness of the concrete deck, thus
collected air is not deaerated spontaneously but is left as a big void
after the resin is cured, which arrows a layer of FRP to swell up.
Rainwater goes down on the surface of concrete and is pooled in the
void, which freezes at a temperature below subzero. Cubical
expansion of the frozen rainwater causes cracks between the concrete
surface and the fiber reinforced plastic plate and would then
separate these materials.

According to JIS(Japanese Industrial Standard)-K-6833, -

measurement of the resin viscosity is carriéd out as in the following.
Using a single cylindrical rotator, 500 ml of sample is placed in a
container. A rotor of viscometer is set in the center of the sample .
after a temperature thereof has reached to predetermined degree and
then rotated at rotor velocity of 20 rpm for a minute. At this time,

the graduation of the indicator is read. The viscosity is calculated

by multiplying the read graduation of the viscometer by a specific



then rotated at .rotor velocity of 20 rpmfor a mnute. At this time, the . -
-graduation of the indicator is ‘read.” The viscosity is calculated by "
mul tiplying the read graduation-.of the viscometer by a specific h
conversion factor. The thi xotropy index is neasured simlarly as
the viscosity neasurenent as described fPove using the same rotor except

- the.rotor aflvesksigni Bactdrf.erent. That is, the thixotropy index is a ratio:
of viscosity neasured at different velocity. Under rotor velocity

condi tions of 20 rmeamx%_t&a?y idgext DEXpddQed BEEXIAra yCakCthaitvi@easity N
the fol |l ow ng: t hi xotropy index = viscosity neasured at 2 rpm

I viscosit ypdiRateneRt s destPibed above udtn# theSHhhe HotbbeekéePNitheSrotsger

i nvestigation, swelling of the fiber reinforced plastic plate can be

avoi ded by wSReQlkyl LOEdif @Rt Or CRIRNEs4 ¢tk niR6EFSHy Shaek £8 Shawiol &
Fig. 2 even if the resin viscosity is 40 to 200 poise and the thixotropy

i ndex is 3:4i§dasi§¥0measured at &iﬂﬁé&%ﬂfiféldgitﬁﬁinﬁﬂﬁé? Rator velaocity

fiber-multifilanent yarns are arranged in parallel and unidirectionally

each other g4i@3ufs 412 $hhCaSd ErPRENCREI AGSBEropY Linldek I Halkd18ed
Voi ds fornedﬂlbetmegn t he rginforcengﬁf and the cgﬁ%rete surface are ed as
removed by jmeaRseeil dnterstices, i.e., these interstices are useful
for preventing an undesirable formation of void. It is experinentally

confirmed that thegh b dpyCeRdEH & %§§§8%§§¥ndaag“féﬁnﬁﬂ ROrypi ds and that

preferable width thereof 'S 0.2 mnt An Interstice of not nore
than 0.2 nm wi de possibly arrows to | gaypsadiidy Q@%gwyga bhezof%#ﬁﬂ
' ) than C.

rei nforcenent and the deck. Wiile, an interstiCe nor e
As a result of the inventors' eager investigation, swelling of

the fiber reinforced plastic plate can be avoided by use of fiber
reinforcement 4 in a form of sheet as shown in Fig. 2 even if the
resin viscosity is 40 to 200 poise and the thixotropy index is 3.0 to
8.0.

A plurality of reinforeing fiber-multifilament yarns are
arranged in parallel and unidirectionally each other to leave
interstices between adjacent multifilament yarns. Voids formed
between the reinforcement and the concrete surface are removed by
means of such interstices, i.e., these interstices are useful for
preventing an undesirable formation of vaoid. It is experimentaily
confirmed that the interstices are essentiai for removing voids and
that preferable width thereof is 0.2 mm to 1.0 mm. An interstice of
not more than 0.2 mm wide possibly arrows to leave voids between the
fiber reinforcement and the deck. While, an interstice of more than O.
1 mm wide causes a decrease in numbers of the reinforcing fiber-
multifilament yarn, or weight of the yarn to be arranged on a unit

area (e.g., weigh/square meter). It is necessary to repeat lamination



1 mm wi de causes a decrease in nunbers of the reinforcing fiber- . .
~mul tifilanment. yarn, or- melght of the yarn to be arranged on .a unit area
(e.g., weigh/square neter) I't is necessary to repeat Ian1nat|on

- 11 - many tinmes until a predeterm ned anmount of yarn is | ani nated on the
deck to be reinforced, which takes longgn tine. On the other hand, if

i ncreased m@ttm‘ésr@ﬁmprac ipPedétdiifned Camdiibt! ol Parn s idadihsteke@p the
proper interstices between yarns, width of each yarn is inevitably reduced

so that ratged teebbNréififdieRali MHidhearé® IdngerO¥Ei®d. On the othéM@ana,
resin is coated on fiber reinforcenent having interstices of 1.0 mm to

0.2 mm bet !‘Peihd:%hﬁé@rﬁémﬁ bbefelnmbinglﬁw&@t p¥RTE Y arkaves! dyed to
deaeration using a fluted roll to a crossing direction of the yarns, air

bubbl es ar exeasidrsp E?@Y@i‘st&@é@%ﬁe@ﬁ yA Ry SWideR- of each yarfiter
reinforcenent 4°in a formof sheet conprises a series of vyarn strips (a)

of reinf Orciﬁ'&vfﬁal?,qp Mﬁéefd IS3MeRdt YAtBSoP PekiWiaPreddationuthefddanrnt
yarns 5 having no flfex where stress is concentrated are arranged in

paral | el ang,dijigy rectionally to forma sheet, a series of ancillary warp
threads 6 and (b) put between and arranged paraIIeI to the multifilament

varns 5 and a seri ghefla 1l 3" dodtRlal oh ' BR4S réiaNGrdeulerd! hasaigd on bot h
sides of a sheet surface, the series of ancillary warp threads (b) and the

series of  apcdldidl )és"‘@f‘tl 10 u@adeo (B2 RRL "Se AN rbOnfGdingheiyasn strips

(a) in one prece. As the reinforcing fiber-nultifilanment yarns 5 are

A T b i
crossing direction of the yarns, air bubbles are easily removed
through the interstices.

Fiber reinforcement 4 in a form of sheet comprises a series of
yarn strips (a) of reinforcing fiber-multifilament yarns 5 in which
flat multifilament yarns 5 having no flex where stress is
concentrated are arranged in parallel and unidirectionally to form a
sheet, a series of ancillary warp threads 6 and (b) put between and
arranged parallel to the muitifilament yarns 5 and a series of
ancillary weft threads T and (c) allocated on both sides of a sheet
surface, the series of ancillary warp threads (b) and the series of
ancillary-ueft threads (c) being woven to hold the yarn strips'ka) in
one piece. As the reinforcing fiber-multifilament yarns 5 are
arranged straight without flexing to form so-called non-crimp
structure, resin-hardened multifilament yarns 5 exhibit, without
exhibiting any stress concentration, increased tensile strength and
and tensile modulus of a plastic plate thus fiber reinforced.

Further, because of a flat cross section of the yarn strips 5,

thickness thereof is thin enough to impregnate with the resin



exhi biting any stress concentration, increased tensile strength and *and
tensile nodulus of a plastic plate thus fiber reinforced. . Further, because
of a flat cross section. of the yarn strips 5, - thickness thereof is thin
enough to inpregnate with the resin ' :

-12- irrespective of its higher viscosity, _ Wen the yarn strips 5 have an

e op. . .
hi nner si dog Soris oo s, BReflen TISSARFLY O feA  FRE Yarky SRy Shavell
thicker an ?ié%t ?ﬁé‘ﬁ%é&ﬂi‘&&}]:@% Qfesﬁfite:lsﬁézréé%%tién. dddeelR! faflradbiGubt

to inpregna e resin, resu n-an uni regnated portion

around the g lg 'thinngro§idé§1 o?(r)?ﬁé M}?gcﬁﬁéﬁﬁlﬂaﬁ}owﬁ%y‘?@ﬂhd%@é inc-%‘?lrtzrf | at

mul tifilanmen arns rern cl ng er are l'am nate

| amtnati on Bleddl | AR SBIoRET 87 de3sOND ddkeFlre ol enblstilEesn Y.

that of nul ayers may be us arns are flat,

predeterm 'Y ﬁ&%fféﬁlgﬁ?obﬁmﬁ%%la%t éh%eggﬁfxgg§e§§¥ﬁnrgﬁgﬂ's 2n an

condi tion of Tncreased we 0 r-as escri _ _
=S Oy AT B i forg 1o 5L LM e of
[T LTSt onrysel VAR WhepntSiglieShe HARE FREET RS, L,
IS s (HRTSTRERE! A SORE SRS ol S pH DL RERL A SOVERD
pounc. - STy ghrt U6 AGRR e YRS L SN AR MR U 75
s re%iStanﬁeééﬁéﬁr%?'%ﬁaf”ﬁ} Rhf&fiéﬁ@ﬁ& HgﬁdbéfEQQA? As the multifilament
yarns are flat, predetermined interstices can be kept between the
yarns even under a condition of inecreased weight of fiber as
described abave.

Flatness of the multifilament yarns 5, i.e., width of
strip/thickness of strip, is preferably about 30 to 100. At a
flatness less than 30, the resin impregnation is decreased when the
weight of fiber is increased, while at 100 or more, it is difficult
to.-keep a desired interstice between yarns.

Yarns of reinforcing fiber used in the present invention
comprises those of multifilaments in which a plurality of filaménts
are bound. Such fibers include those of hiéher strength and modulus
such as carbon fiber, polyaramide fiber and gla;s fiber. Among others
carbon fiber is resistant to alkalis and preferably used in the
present invention.

Ancillary threads are used to hold yafn strips in one piece
but not to substantially improve mechanical properties of the fiber

reinforced plastic, preferable fineness being 50 denier to T00 denier.



present invention. ~+ Ancillary threads are used to hold yarn sstrips
in one piece but not to substantially inprove nechanical properties of the -
fiber. reinforced plastic, preferable fineness being 50.denier to 700

deni er. ' o ' - 13 - Particularly when the
fineness of ancillary warp threads are mjge. than 700 denier, interstices

bet ween the spJii : ' . AR t
i TTTou o o ERUTaELErM e PiiiEEs of DRiCHIZaly MIOE WhrEadEouiy more

t hreads inc P | : .

ol yot hyl onras U ABnthe ) EeraERn” defheqn, e KRLER: (e QekaPLod ), suchy

oy these T1RRLeL) APRArOAILER ?é@éé; direeult R YA EAL Jé&;&oﬁns'f RO

fi ber have [ower at - shrinkab ropertires and accordi ngly out st g
el nf or ol ngt T PGt U5iea By g FRAN EhrbRas THEINe Cthiel ofTERaEt ) fyRkter,
Fi ber - m t1 PPt BCCAYRE, Abs, BdnBeAVLpA 01 fbr S0Pl TVBROLN ana the
{3 ber ol 11 PR 90, nft AaeELoty RhOEAOR Hhedrs ML oBhELEDelgss fiber,

occurred dufof Pl Affe:Oland! DEnPINH FiBEY H’?vfe“}agégargéatt-ﬁp%{urcablé“? the

resin used e prese i nventl Vi'scosit opy i ndex

hi gher t hanP%J,r“%%gi%fs YRg% 'Jar%ﬁﬁgfga‘éﬁ%&{?@fﬂ@ mﬂﬁnsg&ya'lu%t%wfg%, q tthgreby

relatively I npregnat1 on"a aeratrorrrolfrin are requir

evi at fons, SRR SR AER Sy ot SR bErlp¥ o PERntbR O RIREF qused By,
yarns in thepl] A6l §FNARCY gt w889 UhreBEs Wity GlefiiftdL S¥EPthed Ohetduse

rol ling mannér or 9pressure useée
of little shrinkage of the reinforcing fiber-multifilament yarns such

as those of carbon, polyaramide and vinylon, a conventional problem
of zigzagging of the reinforcing fiber-multifilament yarns can be
solved. Such a problem has heen often occurred due to shrinkage of
the ancillary warp threads.

As the resin used in the present invention has viscosity and a
thixotropy index higher than those of used in.the conventional Hand
Lay-Up method, relatively forced impregnation and deaeration rolling
are required to successfully impregnaté with the resin to the fiber
reinforcement. Deviations of weave pattern and.disorders of .
arrangeﬁent of multifilament yarns in the ffber reinfaorcement might
be occurred due to such a forced rolling manner or pressure used
thereby. Accordingly, it is preferable that the reinforeing fiber-
multifilament yarns and/or the ancillary warp threads are bonded with
.the ancillary weft threads by means of a low-melting polymer
extending as a line or a dotted line in the fiber reinforcement.

While the low-melting polymer is extended as a line or a dotted line



thereby Accordlngly, it is preferable that the reinforcing fiber- :
mul tifilanent yarns- and/or the ancillary warp threads are bonded with the -
ancil lary weft t hreads by means of a |ownelting polyner extending as a_
line or a dotted line in the fiber reinforcenent. Wiile the |ow nelting
pol ymer i's extended as a line or a dottead fine

- 14 - to si, mtyﬂg%ﬁhehan&én&wyﬁ{ﬁ ttttt S eoothlaemmltmfvatnaﬁeg PR NS

and/ or those o |npregnat|on he na r'x resin never |ted

The | ow mel hyp rpatcygae uaﬁti%heir ghfildiIGE tt@r@gtastfm Rihgpepe such .

as nylon, copo ynerlze et hyl ene, pol ypropyl ene

- and the Illiﬁpl gletzgén Tl | oﬁ%@fﬂlﬁgn sl‘é#r% S?ﬁ&?w 1?615_&0 ﬁgrm%sﬂ@

rei nforcing r-nmul ti anent e ancillary threa s to ave
S'g! nt Z?,Ft gﬁé’lvt%%@négegtt*}ﬁ%%‘aﬂ L %ﬁg"ﬂt%%t- By e e yarn and
mat or al - RS3VBERY Fodst; PoLyproITHe paE R LTEE, (3 ?gtera%ﬁf simEEoe, |,
i npfSSnat "oRIsk PREAIR 1Y ?ﬁ%%t#eg”ritf%%fe eineRR SR ik Eldment,

pol yrmer y%?n%ngﬁ’{] h%f faﬂggfi lg’n kgagg & 4 QL r:lll é‘.ogether ’%&h@. ﬁf f% rtﬁgn

enbodi rrent nme or s ent ng rel nrorce ONcCrete StI’UC ures

h

1" P gftgutegéﬁﬁgé;:ﬁte s e e p T
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there?f lJn%%bsggﬁingTJ,ytﬁgdléﬁldgitfﬁéEﬂofiﬁgp PLNRE 2 r@lﬁfﬁ?ﬁlng material

for the fiber reinforced plastic and is preferably added only in a
small amount because an addition thereof in excess should inhibit
impregnation of the matrix resin. It is preferred to add the low-
melting polymer in an amount of about 0.6 to 20 g./m?.

A preferred embodiment of a method for strengthening
reinforced concrete structures of the present invention will be
described in the following.

Example 1

Carbon fiber yarns having a fineness of 7,200 denier were used
as the warp multifilament yarns of reinforcing fiber, twe stripg of
which were laminated while keeping yarn flatness of 6.5 mm wide to
arrange thereof unidirectionally and in parallel each other in a sheet
form. In addition, glass fiber yarns. having fineness of 405 denier
as the ancillary warp threads; those having fineness of 202.5 denier
and nylon yarns having fineness of 50 denier as the low-melting
polymer were arranged and inserted between or applied on the carbon

fiber yarns to weave all together. The low-melting nylon yarns were



form ,In addition, glass fiber yarns having fineness of 405 denier- ‘as the ..~
"anci 'l ary warp threads, those having fineness. of 202.5 denier and nylon .
yarns having fineness of 50 denier as the lownelting polynmer were
arranged and inserted between or applied on the carbon fiber yarns to
weave alt” together. The | ow nelting nykols yarns were

- 15 - therchen! keltdy byeasansfofa ahRestsr @h a weaYimg nFehbhsctd bdnandnkhe
carbon fiber yarns and the glass fiber yarns as the ancillary weft threads

to forma feaphof PileroWarn8 imd).thé. glass fiberA§afndiieithexareiXivity heft
reinforcing decks, a polyester film was adhered to an undersurface of a

veneer plywhedaly t@éPurmob fabEieull shéwihesw Fegt ape. After the veneer
pl ywood was secured, a room tenperature curing epoxy resin having :

viscosity of 100 pp s nmvdelaexpdrineht ofdr iﬂadaxo@éimgb@éaas,hmmejmé?l Film
coated on the filmby a spreading roller followed by application of the

fabric A thgise@Bherddid@h GAMISUETRée LT S FEReELSPIYWORdALY ! Hedrly ofagner as
descri bed above and subsequent resin inpregnation and deaeration using a

fluted roldshlelsdifediG®Ulthpel t AMREr OBSE WeRdetbNPlywddd WAR Sé@irted,” aMPYEH
through interstices between the carbon fiber yarns. An additional fabric A

was appl i edcaipelBEurtd rcﬁiriEPbéﬂ:d?xySQegﬁnttihﬁrnrgaﬂggc&@ﬁ:yc%ﬁ'bq)oo paiy avargs of
both fabrics unidirectionally each other. HOonbgeneous coating of the epoxy

resin by tRgigBteagy NthdeR bery. dst h@dg%ﬂéausigpém ANt RECE KGR @Fahi on
using the the fluted roller were repeated simlarly as described above.

AT was agaigrea@iRY &b HIEROFH1 Yorddr aygbp%Imtiiaheéﬁt&rﬁ.esabmcdA tHeF@bn9f the
fi ber arrangenment due to rollers was observed. The resin began to

cure when 4Q¥hBpt £8atiingS 0f VBfe RANECFeSd G a similar manner as described
b above and subsequent resin impregnation and deaeration using a fluted

roller. As a result, it was observed that air was easily removed
through interstices between the carbon fiber yarns. An additional
fabric A was applied on the first fabric so as to arrange the carbon
fiber yarns of both fabries unidirectionally each other. Homogeneous
coating of the epoxy resin by the spreading roller, and the resin
impregnation and deaeration using the the fluted roller were repeated
similarly as described above. Air was again removed smoothly through
the interstices. No disorder of the fiber arrangement due to rollers
Was observed.

The resin began to cure when U0 minufes or so was passed after
the treatment of cold impregnation. Neither of dropping down of the
resin nor partial swelling of the carbon fiber reinforced plastic
(CFRP plate) were observed. When the film.was separated from the.
veneer plywood after the resin was cured completely, there was no void

between the film and the CFRP plate.

Comparative Example 1



the treatnent of cold inpregnation. Neither of dropping down of the resin
nor partial swelling of the carbon fiber reinforced plastic (CFRP plate)
wer e observed. Wen the filmwas separated fromthe veneer plywod after
the resin was cured conpletely, there was no void between the filmand the

CFRP pl at'é. _ Conpar ative Exanplel§ - | | | |
- 16 - Usi nfiigogl Baladubdngnogoky #85In aiIRG viScanityy ool 28 Qagese
and a thixotropy index of 1.0 and the TYabric A used I'n Exanple 1, the

model  exper igRnk €fiNetepyCiddeor! FPEANItRE £4briilee AT Q4P Examplé St, Che -
all, however, when one or two m nutes passed after the resin was

hormgeneousluﬂxsfes?aé ﬁalehheofimmgxetr%%%s L#6l a2l KRBT ehd %ubﬁihgot was

partially collected to forman unevenly coated surface and began t0 drop
urTace Tol Fohed Oy Tarononcrer enafiond F M3 afnudes"BasfllP dreirothd 1Rstn
Fluted roi| dp= MRS TS | B, BEPadERTRIEE, e ¢
onthe 11 aF Py Tas BRI ANIReda o PoRl AL fieni] Hodrel, HEL AR and”

fabrics uni %bg%ﬁti@!'ﬁ]c}py d?ﬁﬁhfrd?i géi%mRQE”GP“&&%H‘QQePf RE£EHAYY A

resin by the Spreading-roller, an e resin 1 npregnation and deaeration

using the t ¥l bpbErbd Ol She MErackoRERla® by Adideenssul Saniihlor e,

Air was again re snoot h t hr erstices. During

40 m nytes %BS%Q%e o ‘EHéi%e?ﬁ?ﬁ&S:Sodlltggeaﬁ&S&dhg‘r@ggeﬁg%ééi'rng%mg%é&%ﬂﬂ

to formthe venly coOated ace-an gan to

o0 o gl eSS, OIS s acor Rt e GRET b SRS U

bendi ng interstices between the carbon fiber yarns similarly as in Example 1.
An additional fabriec A was applied on the first fabric so as to
arrange the carbon fiber yarns of both fabrics unidirectionally each
other. Homogeneous coating of the epoxy resin by the spreading roller,
and the resin impregnation and deaeration using the the fluted roller
Were repeated similarly as described above. Air was again removed
smoothly through the intersticés. During the first 40 minutes of the
resin curing process, the resin was partially collected to form the
unevenly coated surface and began to drop down from sag portions of
the surface. Although the surface of the CFRP plate was uneveﬁ after
the resin was cured, partial swelling on the surface caused by bending
of the carbon fibers was not observed. The film was separated from
the veneer plywood to observe an existence of any void between the
film and the CFRP plate. As a result, layers of air were partially
found as sunken portions of the CFRP plate. It is believed that lack
of fill-out due to dropping doun.of the resin would result in such

portions.



of, the carboh'flbers was. not observed. The filmwas separated from the L

- veneer- plymnod t o observe an existence of any void between the filmand -
the CFRP plate. As a result, Iayers of air were partially found as sunken

portions of the CFRP plate It is believed that lack of fill-out due to
dr oppi ng"down of the resin would result jmN_such portions.
- 17 - CopBapatativeEraimpte 2 Usi ng gl ass fiber yarns of

| ower tension as the ancillary rp- threads, a fabric B having an

interstice of 0. 1U§‘ﬂh%b§1é@@ﬂ:gf’ yaQ‘?:Eth_? {4t tléﬁéﬂ?‘n Vﬁstﬂﬁeﬂﬁégﬂg& gazl'p :

sim lar manner described I n Exanpl e he nodel experinent o

nes oo cEhRad b o Bav AP ifnctin 5810, Do MdotkagRStY, of 100

poi se and a I Xotropy 1n eén coating resin b

spreading cpldi s 180¢ nﬁ&b&egw rdfieaofa! Qﬂmﬁsx»e@s?rﬁ&g gagﬁgéa q) by the

fluted roI er were co har .y renove first or

the secondglgyfie 9T (fife gﬂd‘r&?”e ?%Sfmt HETOF Exaap1eCP! dadlld %61'?% Qé@ﬁyd%@

after the resin |s coate dur e curlng process,

swel 1ing ofetiee FERELL! B ldnd S ro %E@gn Jlg%%iﬁ%gugp 51&9 &@onn

fi ber yarns were bent around such partia Iy SWO portions WheTr € voi ds

?ﬁge_fa&gf hfﬁ%ﬁ?%ﬁgegﬂﬁé{'éfnhaﬂd tdﬂ%ncﬁﬁgiﬁﬂg?%gdt e res ﬁpeﬁatﬁenlﬁgfeadlng

reinforced.gPNGT Ghd subsequent impregnation thereof and deaeration by the
* fluted rollgr were completed, air was ha}dly removed through the
first or the second layer of the carbon fiber yarns. The resin did
not drop down after the resin is ecoated or during the curing proecess,
but partial swelling of the CFRP plate was observed. It was found
that the carbon fiber yarns were bent around such partially swollen

portions where voids were formed between the film and the CFRP plate.



sthucturés using-a fiber relnforced plastlc plate by coating aresin _on'a '
concrete surface of reinforced concrete decks or girders and then'j_- . o
l'am nating a fiber reinforcenment in a sheet forn1thereoﬁ—+e++emed~by__Le5|n

i npregnation and col'd cure, the inprovenment wherein inis
a cold curable epoxy resin having density8of 40 to 2 ﬂ ! "! ln
s a

t hi Xotropy yhskeXOfcidiffed i3 0, and . (B) the fiber'r
uni directional .strengthening fabric in which a series: of ancillary weft

threads arejal | ocatedygna muadsrépssﬁfengtﬁ %&B@&fcé& chRePefd ri ps :
conpr|5|ng flat reinforcing fiber-nulti anen yarns, which are arranged

uni di recti oggtdotiaed uBiRgrAlfiskert feiftoread Sﬂ'ﬁr &ngm@é/%moatﬁ

§Fn
stress is concentrated, and a series of anci y warp threads paralle to

the. mul tifi ber@ruome%ea SEEF A2V 8P efultﬁroi»Esaaémdﬂe%yw@ﬁé orl 3% 8a&Ss tapdhehéh

!
the yarn strips in one piece, interstices existing between gjacen

reinforci ”91% aPfting bl £1b¥TeRl nYEF ent2 sheetAfgf%rEHEf%Bﬂ'?E?hdd&dcbﬁ'”1

1, wherein the Interstices between e re|n orcing er-mul ti anent

yarns of sajgs did by, e?ﬁéf‘{d}f GRAERs1d %u@e {nﬁ:frlwgmgﬁ‘l wherein

met hod cl ai e erein the reinforcing

e LT et i gl el sl o Pt ity O

to 200 poise and a thixotropy index of 3.0 to 8.0, and
- (B) the fiber reinforcement is a unidirectional strengthening

fabric in which a series of ancillary weft threads are allocated on
both sides of a sheet surface of yarn strips comprising flat
reinforcing fiber-multifilament yarns, which are arranged
unidirectionally'and in parallel to form a sheet and have no flex
where stress is concentrated, and a series of aneillary warp threads
parallel to the multifilament yarns are woven with the ancillary weft
threads to hold the yarn strips in one piece, interstices existing
between adjacent reinforcing fiber-multifilament yarns.
2. A method claimed in Claim 1, wherein the interstices
between the reinforecing fiber-multifilament yarns of said fiber
reinforcement is 0.2 mm. to 1.0 amm.
3. A method claimed in Claim 1 or 2: wherein the reinforcing

fiber-multifilament yarns and the ancillary weft threads are bonded

by a low-melting polymer on said fiber reinforcement.



