CARBON FI BER REI NFORCED .CONCRETE Technicaj Field of the Invention The
present invention relates to an inprovenent of a car- bon fiber 3§§$£QEQQQ¢;L;;¢
concrete. More particularly, it relates to an inprovement in curi fa

carben fiber ‘reinforced concrete in which the concrete is cured e being

in gontact with a surface of ferrous netal. In one aspect the invention
provi des a precast conposite structure conprising a matrix of cured carbon
fiber reinforced concrete and at | east one ferrous netal- |ic menber at

| east -partly buried in the matrix. In another aspect the invention provides
a process for manufacturing such a precast conposite structure. Background
of the Invention The inherent brittleness of a cenent matrix can be '
substan- .tially overcone by dispersing therein a suitable anmount of a
suitable fibrous material, such as carbon fiber. Since the devel - opnent of
i nexpensi.ve pitch-based carbon fibers, extensive studi- es on a practical
use of carbon fiber reinforced concrete have “been nmade, and great
expectations are entertained of this new construction material having-
strngth, distortion and elastic properties which have not been realized by
the heret'ofore avail- able cenment concretes. W have been engaged for a

| ong year in a research and devel opnent work on the carbon fiber reinforced
concrete. During our work we have encountered a problemwhich is not the

case with ordinary concrete. CARB@N oblBERi BE BNPORCPDECONCRBRE i f

. Technical Field of the Invention

.The present invention relates to an improvement of a éar-
bon fiber reinforced concrete, More particularly, it relates to
an imprdvement in curing of a carbon fiber reinforced concrete
in which the concrete is cured while being in contact with a
surface of ferrous metal. In one aspect.the'inventiOn provides
a precast composite structure comprising a matrix of cured
carbon fiber reinforced concrete and at least one ferrous metal-
lic member at least partly buried in the métrix. In another
aspect the invention provides a process for manufacturing such

a precast composite structure.

Background of the Inveniion

The inherent brittleness of a cement matrix can be substan-
tially overcome by dispersing therein a suitable amount of a
suitable fibrous material, such as carbon fiber.'Sincé the devel-
opment of inexpensive pitch-based carbon fibers, extensive studi-

es on a practical use of carbon'fiber reinforced concrete have



metal.is in contact with carbon fiber. reinforced concrete, .corrosion
(o dgaw(nn of the netal extensively proceeds during the curing of the
can More specifically, when carbon fiber reinforced concrete is.cureds

“whi e being in contact with ferrous meta@flic nmenmbers, such as reinforcing,

steel bars and meshes, steel nolds, bond wires, anchor fasteners, spacer¥
and the like, corrosion of the netal rapi dly proceeds during the curing of
the concrete on those areas of the ferrous netallic nenbers where they are

i n cont agt th the concrete,to. t.ent unexpecte th, or ar
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(fer- ro ereis a Iocal primary tal
of the mefiple (¥g¢g§£ogon@pgtggund that upon curing of con-

cretecontaining from0.2 to 10 % by volune of carbon fiber dis- persed

therein while hpd NPav& 5OPhachegwebd RoFUhf 364 g0lyefad' iAUS REsHar diheaPd obl em
of the metal corrosion peculiar to the carbon fiber reinforced concrete can

be subst ardvel d pm &Pt SF Rl ¥nOYBECEERboNT faBeirnyelidtfiotd dda)ndidy Bdring
el ectric resistance of at |east 100 ohns is prefornmed on the surface of the

ferrous maimlwdrk oy aligee Obntbentskedga phodlent kd iichvernt inat prioyicese a
process for manufacturing a precast conposite structure of carbon fiber
rei nforced tdorrdieary concrete. The problem is a phenomenon that if

metal is in contact with carbon fiber reinforced concrete, -
corrosion (oxidation) of the metal extensively proceeds during
the curing of the concrete. More specifically, when carbon
fiber.reinforced_Concréte is cured while being in contact with
ferrous metallic members, such as reinforcing steel bars and
meshes, steel molds, bond wires, anchor fasteners, spacers and
the like, corrosion of the metal rapidly proceeds during the
curing of the concrete on those areas of the ferrous metallic

members where they are in COntACt with the concrete to an extent

unexpected with ordinary concrete. - N )

Deséripticn of the Invention

Preferred embodiments of the invention enable one to avoid this
problem. We have ascertained that when carbon fiber, which is
very conductive and has a. noble potential well compératibe to
that of a noble metal, is in contact with a.basiC'méfél (fer-
rous metal), there is forméd a local cell, which is a primary

cause of the metal corrosion, and found that upon ¢uring of con-



dbnprfsihg a naerx of cured carbon fjber_reinforced concrete and at | east

one ferrous-netal I'ic menber (being a ment®r of ferrous metal as defined gz
bel ow) at |east partly buried in said matrix, said process conprising th
steps of: ,formng an insulating | ayer having an electric resistance of no

| ess_t han 100 ohns at | east on that surface of said ferrous netallic

menber, which will otherw se be brought in contact with a concrete m X,

pIaC|ng said ferrous netallic menber having the insulating |ayer forned

thereon in position in a nmold, pouring into said nold a concrete m x

conpri si ng acuepareantaini nenfnen Qelefo A4§gPéghvevahdme. 2ft cardUnbyf ibelrums s -
of -.carbon fiber so that. said ferrous netallic nenber nmay be at |east part-

ly buried |ﬁQ£§%f(iﬂRﬁ%&% %#k ep%?%?& tarraaterd Qéthoﬁdéﬂfééﬁﬁogﬁtéerrous
structure in said d unt i L econes self supporting, denolding the

partly cured&diposh %e%ﬁqm &Rre fFBﬁ1§§FG nﬁP6r°ah8“ Peﬁuﬂnyrcﬁpuﬁgetw@rbon
denol ded corpacbsMe structure in an autocl ayve at iiture b tvveg err|
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m x. The invention provi des a prec

fiber re|nfg@g@%dgng¥1¥ﬁ%(%yg¥dgjng a natrlx of cured carbon

Thus; the invention provides a protess for manufacturing a
Ke’ precast composite structure of carbon fiber reinforced concrete
comprising a mattix of tured carbon fiber reinforced concrete
and at least one ferrous metallic member (being a member of ferrous metal
as deflned below) at least partly burled in said matrix, said process
comprising the steps of
forming an 1nsulat1ng layer having an electrlc resistance of not

less than 100 ohms at least on that surface of said ferrous

metalllc member, which w1ll otherw1se be brought in contact with a

concrete mix, :

placing said ferrous metallic member héving the insulating
layer formed thereon in position in a mold, R

pouring into said mold a concfete mix comprisiﬁg a hydrau-
lic cement, water, aggregate and 0.2 to 10% by volume of carbon
fiber so that said ferrous metallic member may be at least part-
ly buried in said concrete mix;

'partly_curing the so molded compbsite sttucture it said
mold until it becomes self-supporting, .

demolding the partly cured composife structure from said

mold, and



-

fiber reinforced concrete containing.Q, 2 to 10% by vel une of carbon fiber,

| st one ferrous netallic nenber (&s defined) at |east partly buried
in&Ald matrix and an insulating |layer on the surface of said ferrous :
mdtallic nenber for preventing contact of said ferrous netallic member with
the carbon fiber, said insulating |ayer having an electric resist- ance M
at | east 16Q10hmeurfanpesiet @estaliidirasmprdty | sgrubeukavent an can
have excellent strengh, distortion and el astic propeties pecul- iar to
carbon fib&etoctankoated tcempegiadurandebwadn t100 N namdclabge.oPrdifeersi ons.
They are very useful as construction mate- rials for exterior and interior
wal | s ‘andaplyor ferpaus imebabkicympld denysedienfian ansulasingflayeromauning athi ch a
conputer or office automati on instrunments are to be installed or a floor of
a cl ean rO}SeLsic gBEistaneR *HHE | n enbodi nenteSSofham 00 nQfunst isrformpd on
formation: of a |ocal cell; OMﬂnﬁhIO contact of the carbon fiber with the

a

metal | i c thatbarctage of fpdd, Roldavhighowenid: obhermise ke brpughtd iByCantaRt a | ocal
cell is preyented by formng.an_insulating |ayer on that surface of the
motal | ¢ FERERS FRUTESE iAot AcreyRREe et Bhe SHELRg oo fhs CORGFEFE ALkoncr et e
m x havi ng carbgn f.iber .dispersed therein. For this purpose we have found
that in the cas eofmgerbt&ﬁer ‘Fé"?’grffr%%l %%i"?‘n&r??a&ﬁ W%qsggﬁ(ft%‘lmo?%ne of
carbon fi ke I'spersed . £ i,n H'E'. |a%§[' h Ig ng el ectric
resi st_anc%g"gbf)ga_ %Seafs‘%n%g“%ea gﬁ%%%é:h_rrs, p?g{}% &b y a§(_ ?gas %r%gn 500
ohms. - AnVe Megand insBrcdd'8bHEAIE. SaliRlihMg 2P G08ny oIS Bodrbon StiiRE| NG
| ayer having an el'ectric resistance of at [least _ :
 at least one ferrous metallic member (as defined) at least partly buried. _\.)
in said matrix and an insulating layer on the surface of said ferrous
metallic member for prevénting contact of said ferrous metallic member
" with the carbon'fiber, said.insulating layer having an electric resist-
ance of at least 100 ohms;

Composite structures embodying tﬁe invention can

" have excellent strengh, diétdriiqn and élastig propeties pecul-
iar to carbon fiber reinfdrced.éoncrete.'and exhibit mipimum
change of dimensions. They are very useful as cpnstruction mate-
rials for exterior and interior walls and floors, particulafly
in constructing a floor of a room in which a computer or office
automation instruments afe to be installed or a floor of a clean
room or operation room..

In embodiments of tﬁe_invention, the formation of a local tell,
éwing-to contact of the carbon fiber with the metallic member,
or a flow of an electric current genéréted by such a local cell
is pfevénted by forming an insulating layer on that surface of
the metallic member which will otherwise be brought in contact
ﬁith a concrete mix having carbon fiber dispersed therein. For

this purpose we héve found that in the case of a concrete mix



1007ohns, preferably at |east . ﬁgﬂ ohns, on the ferrous netallic .
menber may be used in the practice of t invention. Suitable organic
materials for forming the insulating |ayer in- clude, for exanple, epoxy!
resinps, actylonitrile-butadiene rub- bers, acrylonitrile-styrene-butadi ed®
rubBers, silicone resins and di spersions of "Teflon" (Tradenark)

(pol ytetrafluoroethylene ) . Suitable inorganic materials include, for
exanpl e, cement nortar or paste and dispersions of ceramics (e.qg.,’

| cohol i c di ' f : [ in ' .and fr,
conom cal HBGHE niT9R Brer b 1B Bt apanp PEsFAFDR s td nt A br
te. Co iall i | abl I icul i 1S, '
Conpr i se a o e BB yhe EpBerfol afaPos bpfYanhE g 85T (o Stes
of aromatic SIE)apd, vl ch TeNe Gupel bHERePhRiYORLS kAR SecondpPlonns.
[err] may be conveniently used in fornin e 1nsulating layer. In /

practi ce, at | easty{0sgq @) aSop! i hOPEARTEOH LEFEAL! LAPEBTRC s WRRWA dd%n in-

i nsul ating | ayer is ormed are cleaned by shot blasting. The netallic

menber is prebept £ apglybPenRaihbCahab CeBRPXY FBSiN thacaPRlfi ad eyt o by
an electrostatic coating technique. If necessary, the resin nmay be baked

for conpl et e] gyrSandVrepr dfe ASBEFDAY PEaBkural fefd0 ohmeys oietltald ife rymer s
is to be used, the insulating |ayer may be forned on the overall surfaces

of the assenidyabyi&hwénbeashafobéheseadinedtal practoue Wt alhlei d nvarbieien.

assenbling the menbers in position, preheating the assenbly so obtai ned,

exposi ng t heSypi edighs eslr gssbobhytepialél fibdi Zednbed dhea ipamtliadiilngt d agpEoxyin-

\./ o clude, for example, epoxy resins, acrylonitrile-butadiene rub-

| befs, acrylonitrile-styrene-butadiede rubbers, silicone resias
and disPersions of "Teflon" (Trademark) (polytetrafluoroe-thylene )
Suitable inorganic materials include, for example, cement mortar
or paste and dispersions of ceramics (e.g., alcoholic dispersions
of Si0g, Zr0:5i0; or SiC+2Zr0:Si0z) . For easiness in processing
and from an economical viewpoint we prefer to use an epoxy resin
or a cement mortar or paste,
| .Commefcially available normally particulate epoxy resins,
which comprise a Bisphenol A type epoxide and a suitable curing

~agent (a phenol or aromatic amine) and which have a gel time
.of-from 5 to 25 seconds at 200C, may be conveniently used in
forming the insulating layer. In practice, at least those areads
of the ferrous metallic_mgmber where the insulating layer is to
be.formed are cleaned by shot blasting. The metallic member is

~preheated and the particulate_epoxy resin is applied thereto by
an electrostatic coating technique. If necessary, the resin

may be baked for complete cure, When an assembly of plural fer-



~resin so that the resin may adhere t.o the overall surfaces .of the assenby,

Re it may nelt and cure, and bakinghe assenbly in a baking furnace.
‘ayer of the cured epoxy resin so formed should prefer- ably be

i nuous, and nust have an electric resistance of at | east 100 : -
ohns, preferably at |east 500 ohms. This preferred val ue of thHe
electric resistance of at | east 500 ohns can be safely

realized, if the cured epoxy resin |ayer has a thickness of about 100
[err]or nore. The upper Iimt of the thickness of the epoxy resin layer is
not very rodd imcmtal Mhe sdmicéknesssi hoekeecssedf, dheuti ns0d deirrd Isyewtmay be
necessary in many cases. Suitable cenent nortars and pastes which nay be
used for famaden hthe eweral hgsunfacesnofhdhecassen et &y ichaknpbasting
accordance with the invention may conprise a hydraulic cenment, water, fine
aggr egat etBucindisvedya bebrprousdnehal pocymembewist h as seaberi nd therewenbers o
of from20 to 40, a fine aggregare to cenent ratio of fromO to 2 and a

pol yner  tidt ceafeinkiqnd iRrohedt bgothe 38semhlynsocedd admed .camwnns pt ke x
containing na. -fipe a ate, we_prefer to add ?.polyner to the mx at a

pol y- nerPh %ﬁﬁﬁﬂna§g éggbft%talgggidg?eqhéﬁ n8fpdl PRt e LakRy erpxy
ferto formthe, i ting | i ment . 1mort " taining fi
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lati ces, 'ancrayl-boa'king furnace., - ' | ' o

The layer of the cured epoxy resin so formed should prefef-

ably be continuous, and must have an electric resistance of at
least 100'ohmé. preferably at'leasf 500 ohms. This
preferred value of the electric resistince of at least 500
.ohms can bé safely realized, if the cured epoky'resih layer has
a thickness of about 1003tm.or more. The upper limit of the
thickness of the epoxy resin layer is ﬁot'very critical. The
thickness in.excess of aBbut 500 #um is not necessary in many
cases,

-Suitable'cement-mortars”and-paétes which may be used for </
forming the insulating layer on the ferrous metallic member in
accordance with the invention may comprise a hydraulié cement,
water, fine aggregate such as siliceous sand and pblymer, with
a water to ceMeﬁf ratio of from 20 to 40, a fine aggregare to

. cement ratio of from O_to'2 and a polymer to cement ratio of
from 0 to 30. In the case of a cement paste mix containing no
fine aggregate, we prefer to add a polymer to the mix'at a poly-

mer to cement ratio of at least 2. When no polyﬁer is déed, we



nitrile-butadi ene rubber. | ati-ces, vinyl «chl ggide-vinylidene chloride
copol yrmer enul si ons, acryfate polyner enuls?ins and pol yvinyl acetate
emul sions. In practice, the areas of the fer- rous netallic nmenber, wher
the-i-nsulating layer is to be form ed, are cleaned by shot blasting, and
coafiegd with the cenent nortar or paste m x as described above. The mx is
then at |east partly cured. . The preferred value of the electric resist-
ance of at |east 500 ohns can be safely realized, if the cured
cenment nortar or paste |ayer has a thlckness of abqut 1 mm or nore. The
upper Limt bfefps thi érmasdhsr ingyladingt ﬁdﬁfaﬂsdﬂgpéeﬁéﬂ%ﬂkﬁmq%t%bt°°"'
very crltlcal The thickness in excess of ,about 5mm i ot necessar

many cases. tainipgséine a2gELea e télﬁ‘eenéﬁﬁeﬁg%M% |%§W%P§mf%hl° of at

t ly b t f d bon f f d
Lhe.pl ecast LBABGSD: 8- SBR: PR1E=oE IR TaE oSG dPciig STAP ol ! Telhe

‘el bend h
of the membol o) BnaFols. 4 te 3 A Tg o T xaRed SSTEY ﬁr“et o I

to be partly Eﬂig?gn N 1408 ”?%9'§xgﬁfq%reqa%% QN rfy 'ﬂyarrfafﬁé§§*“%$rylo-

concrete Of ? e pr ecast conp odite structure, such as an insert or anc

fasten- er, higrifaubdt 'aQeln%y‘f"hb'b%r aFeded,, WGaFl QM 1IAUR S PCEe M

t he nenber ot hermnse be brought in confact with the concrete
mx. The fer mwsr'irsbakbbwyr%be@&uaelbme@t Qe r'iltalt of R liyieH nuiss MBieraad
are placed in positionin a nold suitable for nolding the desired
structure. |podfldihydnate tate @Mludsisuist - [ablpe agpdeer,s they dreasaf the fer-
dependlng upon the particul ar shape of

— rous metallic member, where the insulating layer is to be form-

ed, are cleaned by shot blasting, and coated with the cement
mortar or paste mix as described above. Tre mix is then at

least partly cured. The preferred value of the electric resist-
ance of at least 500 ohms can be safely realized, if the
cured cement mortar or paste layer has a thickness of about 1 nm
or more. The upper 11m1t of the thickness of the cement mortar
or paste layer is not very critical. The thickness in excess of
about 5mm is not necessary in many cases.

In a case of a ferrous metallic member, which is to be en-
tirely buried in the matrix of cured carbon fiber reinforced con-
crete of the precast composite structure, such as a reinforcing
steel bar or mesh, or a steel bond wire, the insulating layer is
formed on the entire surfaces of the member. Whereas, -in a case
of a ferrous metallic member, which is to be partly buried in
in the matrix of cured carbon fiber reinforced concrete of the
precast composite structure, such as an insert or.anchor faeten-

er, the insulating layer is formed at least on those surfaces of



the_desired structure. The nold, and_spacers if any, .should have been

gtyleated with a suiteble reIeaS|ng£agent, such as mneral oil. Wen the
Jus metallic menbers, which are to be at least partly buried in the
flnal product, have been suitably assenbled in the nold treated with a i,
rel easi ng agent, together any spacers, if used, which have al so been .
treated with a re- | easing agent, the concrete m x containing carbon fiber
is pour- ed into the nold. The concrete m x conprises a hydraulic cenent,
water, ag- gregate and 0.2 to 10 % by vol une of carbon fiber. The |ength of
the carbothd imembemywhach widhi ntheewisegdef bomugibduti nl aon tac tibeolith 50hem
W have found that within this range the |length of the carbon fiber does
not subst&afteeg g BixecThenéerrausompeddilid cpmepdery o thresiabrwihethe
corrosion, is pronoted as the content of t he carbaon fiber increases. ve have
conf i rrred»n%bf/)?e%ms %aﬁréeinamﬁ lagednighess igdodi bine acardigh §9 bkabl

t ent % h I b b h
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cured carbon fi reln or c- concrete Struct
oil.

.Nhen the ferrous metallic members, which are to be at
‘least partly buried in the-finaliproduct. have been suitably
assembled in the moid treated with a releasing agent, together
any spacers, if used, which have also been treated with a re-
leasing agent, the concrete mix containing carbon fiber ié pour-
ed into the-ﬁold.

The concrete mix comprises a hydraulic cement, water, ag-
gregate and 0.2 to 10 % by volume of carbon fiber. The length
of the carbon fiber may vary within the range from about 1 mm to
about 50 mm.'Ne:ha;e'found that within this range the length of\;J'
the carbon fiber does not Substantially affect the the corroding
property of the fiber. The corrosion is promoted as the content
of the carbon fiber increases. We have confirmed, however, that
even with the highest posSible.carhon fiber content (i.e., 10%
by volume ) the corrosion problem can be overcome by the insulat-
ing layer having an electric resistance of at least 100

- ohms, preferably at least 500 ohms, formed on the metallic

member. Accordingly, in the practice of the invention, the par-



G her condi tions of t he not yet cured.concrete mx, includ- ing the naturg
of the hydraulic cement, use or non-use9of a poly- mer, the water to cem
rati o, the aggregate to cefrent ratio and the polynmer to cement ratio, do
not gonstitute the crux of the invention. Regarding these conditions, thoSe
norrf@lly enploy- ed in the not yet cured carbon fiber reinforced concrete
m x may be used in the practice of the invention. Generally, the not yet
cured concrete mx containing the prescribed anmount of carbon fiber may

have a water { fRiENof 840 Of Eﬁ@”&@@b&@ ?9be?“1ﬁ9th9r8932?e&@ ﬁ@ﬁeﬁk well
ratio.of fromO0.5 to 10 and a polyner to cenent ratio of fromO to .

the aggregat eas hPredetidd Der aghi gOR-of etheuchrbonsSkibeeousedandy But salect-
part of the fine aggregate nay be'replaved by crude aggregate, if desired.
When a pol ynmesd iwi thoi betheicprpocai keld targeati setebpddepuhdiogsupaa the in-
her-ei nabove descr- ibed with respect to the insulating cenent nmix, nmay be .
used. |f desitediedtiechanitital vesoper bbesyoénpheyedred canboat fibiexeseiadolrc-
as thickeners and dewatering agents, may be added to the concrete m x used

in the practiedk efn¢rete nvenee wreThe conposite structure so nolded is

partly cured in the nold unti] it beconmes self- supportlng This is ysually
ef feted by aH(MMrmPtM%rc%%%@bt%%“%t?ﬁcfﬁ?e“?ﬁ ¥A& ruradi so8capdeymdsr includ-

anbi-ent conditi-ons. If desire b ffected t h
war m st eam 'Hﬂ§[ﬁﬂ?IWaE%ﬁ%d°geF#es€B%6?$}§§ ggﬂgﬂé:?éggtSﬁggaPengr°f a poly-

derol ded 141 B e RHECTS H9neRa HAPEL S En SRR 6 obeR ratio
U - and the polymer to cement ratio, do not constitute the crux of
| fhe.invention. Regarding these conditions, those ndrmally employ-
ed in the not yet cured carbon fiber reinforced concrete mix may
be used in the practice of the invention. Generally, the not yet
cured concrete mix containing the prescribed amount of carbon
fiber-may have a water to cement ratio of from 20 to 70, an ag-
gregate to cement ratio of from 0.5 to 10 and a polymer to cement
ratio of from 0 to 20. As the aégregata. we prefer fine aggrega-
te, such as siliceous sand. But a part of the fine aggregate may
be replaved by crude aggregate, if desired. When a polymer is to
be incorporated, the latices and emulsions, as hereinabove descr-
ibed uith resﬁett to the insulating cement mix, may be used. If
desired, other additives normally employed in concrete mixes, such
as thickeners and dewatering agents, may be added to the concrete
- mix used in the practice of the invention,
The comﬁosita structure so molded is partly cured in the
mold until it bgcomes self-supporting. This is usually effeted

by allowing the composite structure in the mold to stand under



',..nd 215 [err] preferably at a tggperature of from:150 [err] to 200

Such an autocl ave curing i h En at nosphere of saturated stesm at an
ted tenperature (100 to [err]) and under a superat- nospheric
pressure ( 0 to 20 atnospheres gauge ) corresponding to the tenperature,;-is
necessary in order to obtain a precast structure having a good di nensi or#
stability. Incidentally, it is not always necessary to renove all the
el enents of the nold and all the spacers, when used, fromthe denol ded
partly cured,conposite structuyr i n advance of the apfoc|aye, curing of the
o et CTABBAERY d88ddtiaater d ke e Slin) oY (P 1l GGt oLl Bhe BhrR RBoS.
W t hout haﬁ8 g ar% ofsths nol d-el enments and all or part of the spacers,
if any, Y&d, %and fhefedffsr such nold el enents and spacers may be

df |
ereoved 1o Bipl bk VRGN o tiSlupol LN 40 P o A LYGFDST

'perSpeCt'HszHE@HO?rﬁp PhaMlod (2% 1%ed 1 #W“Juf%ﬂﬁ%ééjaﬁdofuﬂlprsﬁﬁéﬁ

conposite structure of carbon fiber reinforced concrete in accordance w

the inventjopy; aEthgﬁek% Y %Wﬁ%ﬁ#¥36”§¥§%ﬁ*%¥'é”%%m%%f%%&?et@F £PGh 100
posite structure of , taken along the line err

graphi cal ky ghewg1s ahange@@e&bwmwﬂauﬁatﬂ&m#&xdcurél@ﬁ p@%@nlsaltpfta 200
steel maintained in a cenent nortar contain- ing carbon fiber, and that of

the same & eeBuohi anaanddcilavieheuardmgesmorah ot mesElidreavs f asa Cﬁ)ﬂi tedi 8¢gesn
carbon fiber; Fig. 4 graphically shows a behavior of the cathode polar-
at  an elevated temperature (100 to 215°C) and under a superat-

mospheric pressure ( 0 to 20 atmospheres gauge ) corresppndxnf“)
to the temperature, is necessary in order to obtain a precast
structure having a good dimensional stability. Incidentally, it
is not always necessary to remove all the elements of the mold
and all the spacef$.-whén.used, from the demolded partly cured
composite structure, in advance of the autoclave curing of the
latter. . The.dem01dedistrud£uré may be subjected to the autoclave
curing without having a part of the mold elements and all or
part of the spacers, if any, removgd,'and thereafter such mold
elements and spacers may be remeoved from the fuily cured pro-\w)
duct, |
The invention will be further described with reference to
‘the attached drawings, ia which :
Fiz; 1 is.d perspective view of an example (an exterior
wall material ) of a precast éomposite structure of cafbon'fiberi_
- reinforced concrete in accordance with the invention}
" Rig. 2 is an enlarged cross-sectional view of the coa-

posite structure of Fig. 1, taken along the line I -1 ;



|zat|on of a steel in a cement nortar.containing carbon fiber, and that of’,
the same steel maintained’in the correspondll g cenent nortar cont ai ni ng n
carbon fiber; Fig. 5is a conceptioal view for el ecrochenically explain-

ing t-he steel corrosion in a carbon fiber reinforced concrete and Fig. 6
shows: t he shape and di nensions of a test piece sub- jected to an

accelerated corrosion test. Referring to Figs. 1 and 2, the illustrated
precast conpos- ite structure according to the invention conprises a matrix

of cured carbon fiber reinforced concrete 1 containing carbon fiber in an
amount of from 0. 2Fi6.18%smypPdicartd,y srhefus sblghamesmli tho 5 me f vidtaimeerro-
reinforcing steel bars 2. 2 entlrely buried in the matrix 1, an anchor .
bolt 3 partI?lﬁﬁrPEGePﬁlﬁﬂe°ﬁa@rﬁ%QP zﬂ?qﬂﬁﬂkﬂﬁiiW%ﬂ%ﬁQﬁﬂﬂWﬁ;%ﬁ%ﬁﬁrtﬁﬂnﬁﬁln'

entirely burjed in relnfo n st eel nmeshes 5, entjire
buri ed: ?/n thbnﬁafaff?PR rim%&ﬁd bq e;gnsa&"te & t&fd sﬂadé"c?flwﬂ chﬂ.%y
buried i'n the mat % Q%.center .Oof, which th angﬂa; bolt 3

. penetrates p%?ﬁﬁﬁﬁPsﬁ éFﬁyceWﬁ§ gpr I &ptaining no, RAT E% ng an

electric resistanc ns. .have

acoor dance wi th bt BrvAngraRtarally Showse as&r'*’ "e‘s” % feﬁ‘tehe t@ie%%eorm@r
steel bars 2,24 oh- shaged ihah 4,200 d5jalo G0 028,
ﬁ it ﬁhermnse e

on those sur aces of the anchor "bolt an pl-ate 6

P;Ogggtedl \r,‘m Cf’ﬁ‘%gg\/ﬂg‘g" b tH8 WAl % the TG o' ieSHddS 1N t"ﬂ'y o s dIhEtd ON
-~ cement mortar containing nmo carbon fiber ;
\4’_- _ . Fig. 5 is a conceptioél view for elecrochemically explain-
ing the steel corrosion in a carboh fiber reinforced concrete ;
.and -
Fig. 6 shows the shape and dimensions of a test piece sub-
- jected to an acqelerated corrosion test.

Referrzng-to Figs. 1 and 2, the illustrated precast compos-
ite structure according to the invention comprises a matrix of
cured_carbon fiber reinforced concrete 1 containing carbon fiber
in an amount of from 0.2 to 105 by volume, preferably from 1 to

U 5 % by volume, reinforcing stéél'bafs 2, 2’ entirely buried in
the matrix 1, an anchor bolt 3§ partly buried in the matrix 1,
an L-shaped reinforcing steel bar 4 entirely buried iﬁ the mat-
rix 1, feinforcihg.steel'meshes 5 5'_en£irely Euried'in the mat-
rix 1, and a sﬁuare steel pléte 6 one side of which is buried in
the matrix 1 and through the center of which the anchor bolt 3
penetrates pefpendicularly.'Insulatiﬁg layers (not shown ) hav-
ing an electric resistance of at least 100 ohms have beeﬁ

formed in accordance with the invention on the eﬁtire surfaces

’-



fe

i'f9afit ed into a cenent nmortar contain- dd2in a wooden mold, and déeternined
t'he corrosion potential in the curing cenment nortar, using a saturated -
calonel electrode as a reference el ectrode. The cenent nDrtar used had & ;
conposi - tion shown in Table 4 except that it contained no carbon fi ber .\#
The speci nens tested were carbon fiber, a steel piece and a reinforcing
stainl ess steel mesh, alone or in couple. The results are shown in Table 1.
Table 1 Corrosion reistance (in V vs SCE ) Al one
Coupl e CFof the regnforcing gieel bags 25t2 i LeshagpdN@ar14 an@l redmforc
-0. 28 - - El -0. 27 2 28 55 = -0.
53 -0 1@§|qfs hes 5hg as @elglas oe thgee sygfaggs ofNJ@@ gmchor
saturated C e] ec de, CF, bo i ber , i nl ess stee
rosh (6 M tergjane Giia o 6 ybieh wEEL REneTnTbache, baguga i contast
neasured 1 hr.

placenent of noy,t ar : after placenent of nortar No. 3
. neasur ed'} %ﬂ ?h%BW#t?lfu*1ng in stean) Table 1 reveals that the order of

the corr03|onlx¥ég@ fﬁsdptgegfn&hppﬁt@ﬁe $098nt2bh04% based will now be

described.

d(il bed. Corrosion resistance and pol ari zation curwe A t est speC| men was

Corr031on resxstance and golarizatlon curve

A test specimen was 1nserted into a cement mortat contaln-
ed in a wooden mold, and determimed for the corrosan potential
in the curing cement mortar, using a saturated calomel ‘electrode
as a reference electrode. The cement mortar used had a composi-
tion shonn.in Table'4'excépt that it contained no carbon fiber.

The specimens tested were carbon fiber, a steel piece and a

reinforcing stainless steel mesh, alqne or in couple., The results

are shown in Table 1.

Table 1 Corrosion reistance (in V vs SCE )
Alone Couhle_ o
CP SS St | SS+St CF+St
No. 1 |—0. 26 |—0. 28 [—0. 51 |—0. 51 [—0. 27
No. 2 |—0. 28 |—0. 33 |—0. 55 |—0. 53 |—0. 31
No. 3 |—0. 28 |—0. 31 |—0. 56 |—0. 49 —




éﬁ > SO (CF +St) > > ((SS +St) .> .St It can be understood thereforg‘

that when steel is in confact with carbohXiber there is a gr eat :
possi bility of occurrence of the gal vanic corrosion. Thus, by the term
"ferrous netal we nean materials having a corrosion potential in a cenen

nmor lgr substantially nore basic than that of carbon fiber in the sane
cenent nortar, including, for exanple, iron and sone its alloys as well as
such materials coated with Al or Zn. A change with tinme of the corrosion
potential of steel in a plain cement nortar containing no carbon fiber,

dinth Fi 3. Siml
Teas- urements. gé’ge'”iér? ﬁﬁ %eg RORYE ot B EERYR. N 2l Peci n a ce rent
nortar of Tablegggcontalptggn ggggkgggyﬁe é ﬁﬂﬁpgn fiber.. The results

are al so graphi Iy shoypbép seen ron1 the corrosion

potential of stiegl peqonmeeaypf@d 961 §1 79, Lh Mpeg! apﬁeamemn‘skymow‘srstee'
changes from a M- qw|fﬂhéé@%*%d'FeﬂrStﬁfEQrtﬁlacéﬁeE@ bedngpihyated state.
I'f we presune th@t 3 he ciddodeed eactépn3i ol vedringainedyehmon of oxygen,
the above-nentioned'dlabé |srdeéabyetha o theli 6pdert bat thbecorydenonnpbhential
cenent nortar is slowy consum ed and becones | acki ng because of a sl ow

repl eni shmentint heameaxit ddrtar uhdeastbobldherefore that steel which is in
contact with noble carbon fiber in the curing nortar is in the activated
state so that the gal vdifi c orr88i o t 6P eoSt) s >pronbS&d: SK)g.> 45t
graphically shows a behavior of the cathode polari- zation of steel in a
cement nDrtarQxﬁﬂqnhﬂrﬂP¢p§§@g%@ therefore hat when steel is in contact

Y o with carbon fxber there is a great possibility of occurrence of
the galvanic corrosion. Thus, by the term “ ferrous metal * we
mean materials having a corrosion potential in a cemenf mortar
substantially more.basic fhan that of carbon fiber in the same
cement mortar, lncluding; for example, iron and some its alloys
as well as such materials coated with Al or Zn.

A change with time of the corrosion poiential of steel in
a plain cement mortar conteining_no carbon fiber, measured in
the manner as described abovel is shown in Fig. 3. Similar meas-
urements were carried out on the same steel maintained in a ce-

‘'ment mortar of TaBle 4 containing 2.5 % by volume of carbon
fiber. The results are also grachically shown in Fig. 3.

As seen from Fig. 3, the corrosion potential of steel

~ becomes more basxc as time elapses. Namely, the steel changes
from a so- called 1mmob111zed stateo to a so -called activated
state. If we presume that the cathode reaction involved is a
reductlon of oxygenl the above}mentloned_fact is believed to

indicate that the oxygen in the cement mortar is slowly consum-



of carbon fiber and that of the sane steel in the correspondi ng cenent
gr-par contai ni ng. no carbon fiber. n% can be seen fromFig. 4 that the

ode current of steel in cenent q? in- creases drastically (about
€n_tinmes of nore ) by addition of carbon fiber to the cenent nortar. Tiys
i s believed because the carbon fiber in the cement nortar has cone in- -
contact- with the steel and the follow ng redox reaction has proceeded on
the car- bon fiber. [err] pH and redox potential of cenent m x Table 2
i ndicates the plain cenent m x used in the, above- nmentioned tests (No. 2 )
and the g@ragapeBdonesCeARRY nlFl b eQArsd AMidNG Kow P8p on VO we®t OfhEAEHPN
fiber (No. 1 ) which was al so used in the above-nentioned tests. Various
cement slxesswendepsepadedhy e\fare naathe tmeipaditdioni v ih ¢espeEt & Pthhe
ki nd of the aggregate, the kind of the dewatering agent, and use or non-
-use of nbbkleeteabbngfdyemt ias tihedicuatiod imorTed el 2.1 the tdet v edt o
- cenment ratio and the sand to cenent ratio unchanged. Each cenent m x was
tested fotatbespHthad tddogajanaitc &Iorr’meiorresllhezseaafreismwmdthed'abl e 3.

Table 2 Concrete m x Dewatering Defoaming  Thickener g?re gate
agent * Bient 4 grppbdsad Inoshpws ypedehavionafy the cathodecp ari-
yes . yes SiliceqQus

zation’of steel in a cement mortar contalnlng 2.5 % by volume
of carbon fiber and that of the same steel in the corresponding
.ceuent mortar containing no carboﬁ fibér. It can be seen from W
Fig. 4 that the cathode current of steel in cement mortar in-
creases drastically (about ten.timés of'more ) by addition of
cﬁrbon“fiber éo-the cement mortar. This is believed because the
carbon fiber in the cement nortar has come in contact with the
steel and the following redox reactxon has proceeded on the car-
bon fiber. | o |

0: + 20:0 + de = 40K

pﬁ and redox potential of cementlmix

Table 2 indicates the plain cement mix used in the above-
mentioned tests (No. 2 ) and the correshonding bément_mix con-
taining 2.5 % by volume of carbon fiber (No; 1) ﬁhich was also
used in the above-mentioned tests, Vﬁrious cement mixes were
pfepared by varying the composition with respect to the kind of
.fhe_aggregate. the kind of the deﬁatering égent, and use or non-
-use of the defoaming agent és'indicated in Table 2, pith the
water to cement ratio and the sand to cement rafio'unchanged.
Bach cement mix was tested for the pH and redox potentxal The

results are shown in Table 3.

)~



No. 2 no sadd A C o yes yes Siliceous’ |
No. 3 yes: sand B ° C S yes yes Sili ceou‘
No. 4 yes sand A D yes yes Siliceou

No. & yes sand A C no ' yes Table 3

pH apd redox potential Redox potintial ~(in Vvs ACE) pH 30 nmns, after
After 3 hrs. placenent curing in steamNo. 1 13. 4 -0. 22
-0.48 No. 2 13. 5 . No. 3 13 7 -0.-17

-0.30 No. 4 13. 4 -0.13 13. 4
-0.15 - -0.20 * Notej L C C 9r39 erlng agents

(wat er reduciag-—agents) C and D are exanples of different sands _and agents

respectivel y|suitabl ¢ for yise in concretﬁéwgggﬁln £55 anronTIQOgn%T
the pH of cepent m x| dgpes IHCﬂlggﬁ%ﬂlé) 3. 0readg X er ygg grging I't

f or nul at.i on w+hir—the—tes ahg Fs—w thin pfrnm’l’%

L LA LR A ]

4 to.13. 7. Jable 3 furthe Sfmmﬁﬁdmgruu while the redox potgntlal of
cenent m X i >Non tlhe greder | of Samima 0. {15 taCc-0. 23 V, jewediatiely gbker

pl ace- nent, Frt—becofres—sHrghtty—ore—Haste—+A—thercour-se—of—eu-Rg—A

Siliceous

No. 2 | no sand A C yes yes
Siliceous :
No. 3 yes sand B | C , yes yes
_ . Siliceous .
\.j _ No. 4 yes sand A D ' yes yes
1 Siliceous o
No. 5 yes sand A C ' no | yes
Table 3 pH and redox potential
" Redox potintial (in V vs ACE )
0 _
30 mins, after | After 3 hrs.
placement curing in steam
No. 1 13. 4 -0.22 - —0.48
No. 2 13. § — -
- No. 3 | 13. 7| =-0.17 ©~0.30
Ua
| No. 4 | 13. 4 -0.13 —0.20
No. 5 13. 4 -0.15 -0.20

- * Note: Sands A and B and dewatering agents (water reducing
agents) C and D are examples of différent'sands and agénts

respectively suitable for use in concrete mixes.



steam This neans that the oxidizing.property of the-environnent decreases
4T i me. Assuming that the redox poiential of the en- vironnent is

de m ned by oxygen in the environnent, the naxi value of the redox-

potential will be determ ned by the oxygen re- dox el ectrode potential. at;,

equi i brium which may be calculated as follows. [err]= 1. 23 - 0. 06 pFPﬁ__

0. 015 log [err] (in'Vvs SHE) = 0.99 -0. 06 pH+ 0. 015 log [err](in V .

vs SCE ) wherein [err] represents a partial pressure of oxygen in the envi-

ronment, that j§ Qeeq 3rdm Tadle 'Eart%@dagﬁtwaééﬁpem’%?ﬂe@o@f e&aft69g9 ;2

and SCE neans a saturated calonel electro By intro- ducing [err
atm and pbl 7 gdatSekiied tt DG lchlalngli ngdUcld Ofo My LD &l WEth PhCthel €85t ad
0. 19 (in Vvs SCE ) This calculated value is considerably higher than the
val ues of rahgeledad pat @dtthdln, ashawrdw rEade Srowebdurediavi 18, a7pl ®hbbeng
el ectrode. It is believed, however, that allowing for the fact that the
overvol t afjer bheoxygerails rthductwhdrl e $heernedud:gho ten byl cofist eent hai xt be
redox potential of the systemcan be determi n- ed by the reduction of
oxygen soifiathasondeot kdr febmectli.vd doxtio -0. RhtV.(ecinpedbatély afterestace-
in the .system Fromthe test results it has been reveal ewd that the pre-
sence of ®@mrboniti becomgsa sddgdritl ynanoriex badic sidh ythwreoumse sebeturpng in
contact with the matrix. This is helieved bacause the carbpon fiber is ver¥
conduct i vBLAAR- cXRA B FE2ASHdHAC i 124enq REARAE | of B¢ harv bFopmen

nobl e netgécggggegswgkﬁt%Q%g[ igguming that the redox potential of the en-

-

vironment is determined by oxygen in the environment, the maxiguj
value of the rédoi potential wiil bg determined by the oxygen re-
dox electrode potential at equiiibrium, which may be calculated
as follows. _ | 5 o .

Be = 1. 23 - 0. 06 pi + 0. 015 log Poz(in V vs SHE )

= 0.99 - 0. 06 pi + 0. 015 log Poz(in V vs SCE )
wherein Po: represents a partial pressure of oxygen in the envi-
ronment,'that is 0. 2 atm. ; SHE means a saturéted hfdregen elec-
trode ; and SCE means a saturated calddel_electrbde. By intro-
ducing Poz= 0. 2 atm. and pi = 13. 5 into the_latter equatiom\J
we can caluculate : '
Bo = 0. 19 (in V vs SCE )

This calculated value is considérably higher than the values of
the redox potential, shown in Table 3, measured with a platinum
electrode. It is believed, however, that allowing for the fact
that the overvoltage of oxygen in reduction is very high, we may
consider that the redox potential of the system can be detefnin-_

ed by the reduction of oxygen so far as no other effective oxi-



I N consequence, galvanlc corrosion #lk ta contact of steel with carbon

fiber proceeds. It is further believed that the presence of carbon flberi
the cement matrix increases an effectve cath- ode area of the corroding °

galvanic cell to forma so-called com bination of a small anode with-a
| ar de~ cat hode thereby to pronpte the corrosion of steel in contact with the
carbon fiber. This nmay be conceptionally shown in Fig. 5. Nowreferring to
Fig. 5, at an initial stage the steel has a potential at a |level as in-

di cat ed by g[8 I(le.31d fe= sty I d ONid et St @l edlovever, if a scale
coating of ?he éféa? I's Ioégllyqﬁzstroyed for<£z§ ?e by the presence of

C - ion, the pot@HdmlthEhanges eyl §£ Vel mslweﬂlﬁ@i@mé)wa EE&E]tﬁ‘é‘dpi‘Be
st eel beglns to be corroded. ‘Since the cathode reaction is pronoted by t

presence o%ehhe_mérmwrﬁddNﬁLbdﬂmamKHEH&MéﬂtIﬁEWrrhamgﬁﬁrielﬁ terebdas
indicated by [err] and the corrosion is accelerated. On the surface of the
steel, whi glieied dm aomdacdf wihich glevard fricel | Thidel pHhakbreeadcbaasuser ebal t
of the reaction : [err] (decrease in pH) and thus the stable scale
coating canawéomaﬁmmanmiirurnnnmgn&mntt&dtam@ éxhfhithea pobhetpotentiahe
corrosion. Exanmple 1 (1). A wooden nold suitable for obtaining a

conposi t e #eddccompagabdg rie dihtehgifords norb bpme dabnay odt 6P kb i mumpaaed.
As a releasing agent mneral oil was applied to inner walls of the nold, A
steel bar H&vﬁﬂgséqa%%ﬁQWHgﬁkV%H}QHﬁQMﬁﬁiﬁQﬁmﬁﬂqrﬁQPﬁﬂ#&#@ts%fthhﬁelt"hﬁy

be buri ed Inr%ore H%”%“B@béﬁé lyfifé)g%rther believed that the presence

\_jl - of carbon fiber in the cement matrix increases an effectve cath-
ode area of the corroding galvanic cell to form a so-called com-
bination of a small anode with-a large cathode thereby to proamote
tpe corrosion of steel in contact with the carbon fiber. This

 may be conceptionally shown in Fig. 5. Now referring to Fig. 5,

'_at an initial stage the steel has a potential at a level as in-
dicated by GD,:and is still corrosion resistant. However, if
a scale coating of the steel is locally destroyed for example by
the presence of Cl” ion, the potential changes to a level as in-

; dicated by CE. and the Steel begins to be corroded. Since the
cathode reaction is promoted by the presence of the carbon fiber,
the potential then changes to a level as indicated by @ and the
corrosion is accelerated. On the surface of the steel, which is
an anode of the galvanic cell, the pH decreases as a result of
fhe reacfion: |

 Pe® + H:0 — Fe (OH) * + H * (decrease in pH )
and thus the stable scale coating can be uaxntalned no more, re-

sulting in further promotion of the corrosion.



glt.ai ned substantially along the cent§§.line thereof - It was a steel bar
\@).rei nforcing concrete in accordanée with JIS G 3132 SD 30 having mll
scdl-e removed by shot blasting in advance. A carbon fiber containing ¢
~concrete mx having a conposition as indicated in Table 4 was poured intoz
the nold and cured in steamat a tenperature of 40 [err] for a period o5
hours. At the end of the period the nolded structure was denol ded, and then
cured-in an autoclave for 5 hours at a tenperature of [err]and a pressure
.of 10 atngggherfs.!The structure so obtained conprised, as showm in Fig. 6,
a matrix carbon fiber reinforced concrete and a reinforcing
steel bar 12 burded 4 b X : ' a. pe .a i I QNns
shown in the sa#gai%ﬂhégﬁé%CEégé T%?F?gggr§§?u?éégﬁggggpFeggp$3gq?%)%qr“c'
Simlar st s BT £ : ' t AkLQ- dures 2qf

above,- exc'{éu:c‘)l‘tCet %ﬁl%e&sﬁeﬁ%‘ggg ﬁgv?ggﬁ? g?ﬁ‘r‘fe?ﬁ?%‘? f%gmﬁr\%gsaq.regﬁl ;ﬁ)cse

Wi th a barr A dyedPtn idrdl Neicaghbngpbieedans (hARrt WadiResY afnd he
zinc coating :50 [err] ) . (3): Simlar structures were prepared by

repeat i ng Wo16l ,prap-s teslriesr oiavi{dg &bodvgmecseept 1Danmt hassipdalceldar shaneng

a dianmeter of 10 mmwas replaced with a bar. prepared by coating the sane
with an emad\d rsasithat hiet tha xkinesbupiedhéncaarenganghdatr 3QQulcdurle ) to Bee
coating was applied as follows. The steel bar having m |l scale renoved by
shot bl astoibrig ivresd hesatbesita t bal byrpel asgr thef cpater lice Lherienft.ed,t avgsosed
to a fluidized bed of a parti- culate epoxy resin for about 4 seconds to
form a resiteedodamd ehereibnf arelineacencneta ianpecardasces widhr JI1S & 31|]'° ,

about 20 ni_nutes _ . _ :
- SD 30 having mill scale removed by shot blasting in advance. A

carbon fiber containing coacrete mix having a composition as
indicated in Table 4 was poured into the mold and cured in steam .
at a temperature of 40 T for a period of 5 hours. At tﬁe end of
‘the period the molded structure was demolded, and then cured in
an autoclave for 5 hours at a temperature of 180T and a preésﬁrel
of 10 atmospheres. The structure so obtained'comprised. és'shown
in Fig. 6, a matrix 11 of cured carbon fiber reinforced concrete
and a reinfyrcing-steel Har 12 buried in the matrix 12, and was
of a shape and dimensions shown in the same fighfe. Several sut~j
structures were prepared. |
2). Similar structures were prepared by repeating the pro-
cedures of () above, except that the steel bar having a diameter
of 10 mn'was:feplaced with a bar prepared by hot dip zinc casting
. the same (the.thickness of the zinc coating : 504m ) . |
(). ‘Similar structures were prepared by repeating the pro-
cedures of (1) above, except that the steel bar having a diameter

of 10 mm was replaced with a bar prepared by coating the same



to fully cure the resin.. (4).- Simlar,structures were prepared by repeatiqﬁg'

the pro- cedures of (1) above except that the steel bar having a di arre

- of 10 mmwas replaced with-a bar prepared by coating the same with a cene
nortaar m x, followed by curing the nortar (the thickness of the coating
cabQut 2 nn) . The used cenent nortar m x contained, per 1 cubic neter, 512
kg of water, 1082 kg of cenent, 274 kg of siliceous sand powder and 10. 8

kg of nethyl ceIIquse The siliceous sand pomder conprised, by weight, 95.

0 % of [err] @6 of Al203 a [ and_phad a specjf}]

wei ght of 2. fé ﬁ& FPOXIi FE B ur e éﬂ Qﬁsﬁé%% {ﬁﬁ °°apW%5Ie ﬁ°“¥ 20
For ul at i on Z&fﬁRleﬂgﬁJB4f?pg was %f%;\&& as follows T@ C?{Q€Fc$5?5 aving

content (vol ro cenent ra

60 Sand to cgmant seallie® remdved (& h blasti fe
489 Cenent (high- gar ly- srterengtqh c%rrsen%s asting wag heasﬁ?l ceougs tS%Méerature

powder  (siz@f: 2%@[-errf]o:kq5 m1ﬁﬁﬁ9%%é@0téedrﬂ1m1£'@ﬂnbed oFPECharti-
489 |/ fic weight : 8 ) S CF (carbon fiber)

3112 igSEgOOQuJE?e epoxy resin for about 4 seconds:;63£bfbh&4ﬂ991n Eodting
thereon and heated at a temperature of 200C for about 20 minutes
to fﬁlly cure the resin.

@. Similar structures were prepared by repeating the pro-
\y) cedures of (1) above, except that the steel bar having a diameter
of 10 mm was replaced with a bar prehared by coating the same
with a cement mortar mix, followed b& curing the mortar (the
‘thickness of the coating : about 2 mm) . The used cement mortar
mix contained, per 1 cubic meter, 512 kg of water, 1082 kg of
cement, 274 kg of siliceous sand powder and 10. 8 kg of methyl
éellulose. The siliceous sand powder compriéed..by_weight. 85. 0

% of Si0z, 2. 17 % of Alz20s and 1. 17 % of Fe:0s, and had a

shecific weight of 2. 70 and a specifec surface area of 3360cd /2.



Flom1value (mm S
, l@ Not e * . Thi ckener supplied by
. et su Kagaku (methyl cellulose) * * : Dewatering agent supplied by
QOZGrls Bussan * * * : Defoam ng aent supplied by San-nobuko On vari ous »:x
bars used above the state of corrosion was ex--amned. After the curing ™
steam and after the curing in auto- clave the bar was taked out of the

conposite structure, and ob- served for the state of corrosion by neans of
an optical mcro- scope. Eurther th$ co -osrte struct res cured in
aut ocl ave were subjected Igble 4 ' test two or four

The test conprised heatrnq the structure in an autocl ave .at 180

tines.
[err] for 5 hoprs. Accordlng I ence a single such [aut oz
tocl ave treatnbeg %HRS§2§ k?%ﬂ) qgﬂngs to a four years gx-. pgsure t o
an-anbi ent at nps ﬁ e ar n§§)of the autocl gve %ﬁﬁﬁtnent
t he bar was t ed out _of the qtrurturp J examned in the s as
descri bed aboveya.The rr%sgletm%nqrq.astr}q/m wycTabé%ﬁ Table 5 After red |fin
Ti.' nmes of ac- T calerafed t elst
Et eam . at[J)t'o- cba»re to cehent ratio} SIELic i o scale 60 A
| ' | Water W | _ 489
Cement (highjearly—strength cement) C 814
Siliceous sand pdwder (size: 20 um
kg | average and 100 x#m maximum ; speci- 489
;; fic weight : 2. 68 ) S
| CF (carbon fiber) 41.3
90SH4000 * 3.0
PoNL4000 * * 8.14
14-HP % % % 3.27
Flow value (mm) 169
Flow calue (plain, mm ) 210

Thxckener supplled by Shin-etsu Kagaku
(methyl cellulose) :

¢ Dewatering agent supplied by Rozoris Bussan
:Defoaming aent supplied by San-nobuko _
bars used above the state of corrosion was ex-

Nofe

x
* K
¥ ok 3

*
On various

amined. After the curing in steam and after the curing in auto-
clave the bar has‘taked oﬁt of the composite structure, and ob-
served for the state of corrosion by means of an optical micro-
~scope. | | | |

Further-the composite structures cured in autoctéve were
subjected to an accelerated corrosion test two or four times.
The téét comprised heating the structure in an autoclave at 180

C for 5 hours. According to our experience.a.single such auto-

.169 Fl.ow cal ue (pl ain,

i



hot di p zinc cast T - A . A B C coated with, -,

epoxy resin: A ’ A A costed with cenent nort &
.- A A "A Rating fof the stateof corrosion A : No rud

B : ~-Point rust, slightly C: Point rust, several D : Red rust in sone

aregs~-E : Red rust over nore than 50% of the surface Exanple 2 The

conposite structures prepared by the procedures de- cribed in Exanple 1
wer e subjected to another accelerated.corro- sion test conprising 10 cycles

of exposure to gn atnpsphere of 100 % ,RH at 80 'C for 48 hours and
exposure to &? Qﬁﬁnﬁﬁ§%§%ﬁ“9Kﬁ% %ﬁtﬁéﬁP¥:?%Frﬁﬁpﬁbﬁ?sF°Aftg?“?héears ex-

of corro- o1 R S oot ot A o A AFER U GBEPOY FPRCOECERlE 11 pEs “oF The
Substant | al | Pt i hABUE the War [fs (ERke 200 POFLTERY, PXFhgturs, apd

In the casegyqfuitdty Sid Uate! Sadd e.gqﬁfgs@& aés!@eféﬁgpé@ Jm&fé;. point rust of

a size of about 0.1 to 0.3 nm was erved in 41 places of the surface of
the bar (hot dip zitwe Gadu)td RidsKewe Pf tawlstsuctures prepared as in
Example | ((3) and (4), no rust was observed on the surface of the bars

(epoxy resin coated and cenent nortar coatshile 5 - - : :

After cured-ih_ Times of ac-

Tested reinforcing bar celerated test
. steam auto- [
|\ o | clave 2 4
steel with no scale A B: D
hot dip zinc cast A A B C
coated with epoxy resin A A A A
costed with cement mortar A A A A

Rating for the stateof corrosion

No rust

Point rust, slightly

Point rust, several .

Red rust in some areas : :
Red rust over more than 50% of the surface

=3O O D 3>
s o0 06 o0 o

Biamgle 2

o ' The conpd&ife structures prepared by the brocedurés de-
cribed in.Bxanplé 1 were subjected to another accelerafed corro-
sion test comprising 10 cycies of expoénré to an étmo#phere of
100 % RH at 80 T for 48 hours and exposure to an atmesphere of
40% RH at 80 T for 24 hours. After the exposure the bar was
taken out of the structure and examined for the state of corro-
sion by means of an optical microscope.

In the case of the structure prepared as in Example 1 (U,

red rust had occurred ovei substantially all the surface of the

()
-



pt that incisions of 0.5 [err[2I2ferr], 2 [err] and 5 [err] were nade
he surface of the cured epoxy resin coating, in tw places,
respectlvely (8 places in total ) The structure was subjected to ten 7
times of the autoclave treatnment descrlbed in Exanple 1. After the o
treatnent the bar was taken out of the structure and exam ned for the state
of corrosion by an optical mcroscope. In one of the two places, where
i nci si ons of [err] had been nmade, point st of a size of about 0.2 mm
di aneter \hag otf§é‘rd\/1é’d"1ﬂ1 oiRebivi b ‘!‘bvos‘f:ﬁh%g ‘where incisions of 5 mm
had been nmade, 50|nt rust of F.S|ze of apout 0.4 gglarret,er was Qbserved.

No rust was obséived§ ﬁqﬂ?mﬂ pﬁ@%e%truc e AkeRar pFécégsEFBPple @,
\nuf act uri t bon fi ber f

concr et e OB S%ig B a”xl’iz"%%oﬁuas% bﬁr??.@e 8- Reb: BERE SR dbcidng

at | east ogéﬁferrqu%HEH§%J (e @Peghgﬁ%gff ﬂ Eé£e% §o§$§§¥ | east partly

buried in Smatri K, sal'd process’ o rn1ng an

insul ating | ayery Nayidng AL &f £CLHd Cs ?F?é?ﬁ?@gepPE?QPEd as_in Example ! ess

than 100 ohns at 1east on that sur- face sald Terrous me I ¢ nmemer,

whi ch wi | '(s)otafa%rw@e B rrghiad NolbOSF P64 ¥htbhd §QREREECOR XhePbatisNd
said ferrous netallic menber having the |nsulat|ng | ayer forned.thereon in

p03|t|on 'We%o&§|4e31n coated and cement mortar coated ) .

Exgnple 3 A conposite structure was prepared as described in Exanblé 1 (3),

Exauple 3

4 composxte structure was prepared as descrzbed in Exalpftj
;i ﬁﬂ; except that incisions of 0.5 um®, 1 ma?®, 2ua® and 5 ma?
wefe.made on the surface of the cured epoxy resin coating, in
_tﬁo hlaées% respectively (8 places in total ) . The structure
- was subjected to tén times of the autoclave treatment descfibed
in Exampléll. After the treatment the bar was taken out of the
structure and examined for the state of corrosion by an optical
nlcroscope. | _ | |
In one of the two places..uhere incisions of 2mm® had been
made, point rust of a size of about 0.2 mm diamefer ﬁas obsérvé\j
'Iﬁ one'of fhe two plébas. where incisions of:5 T had been made,
pOinf.rﬁ§t of a size of about 0.4 mm diémeter was observed. No

rust was obéerved in other places.
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pourlng into said nDId a. concrete mx.®gpnprising a hydrau- lic cenent, o
wat er, .aggregate and 0.2 to 10% by volune of carbon fiber so that sald \ <
ferrous metallic nenber may be at |east part- |y buried in said concrete
n1x,-partly curing the so nol ded conposite structure in said nold until
becqeues sel f-supporting, dermol ding the partly cured conposite structure
fromsaid nold. and fully curing the denol ded conposite structure in an
auto- clave at a tenperature between [err] and [err] 2. The process in
accordance .t h cIa|n11 wherein a fer- rous nmetallic nmold is used and an

I nsul ating | &f aV|ng an electric resistance of not

less than 100 ohys ALf { &L fedl, OH?nEF?htuE?BEaﬁeprggast EghGO ld @Q%%Q

woul d ot herwi se be ‘bro I n contac concrete m x, I n advance of

the pouring qQf.d h;h ff'Bé‘T x3e1nf3iﬂ§e9ress SeitB esﬁerr@leﬂﬁ@ W R telial Bt
ayer 1Is 4.

1 or 2, wherein the insu atng ormed froman epoxy resin.

The process dy}af ARSI er YhéP £b8hPbicel 8on%ertel Bahgti Neukat bAe Ifayebus
is formed froma cenment nortar or paste. 5. precast conposite structure

o oo P AT eSS sanmhe asBuALN @ Taled sllicueE s
at | east onemdtefikpEaidehrddess mbesu@stnl@fstapﬁl of: _
forming an insulating layer having'én electric resistance
of not less than 100 ohms at least on that sur-
W face of said ferrous metallic meﬁber, which will ctherwise be
brought in contact with alconCrete mix, | .
placing said ferrous metallic member having the insulating
- layer formed thereon in position in a mold, |
pour{dg iﬁto said mold a concrete mix combrising.a hydrau- -
lic cement, water, aggregate and 0.2 to 10% by volume of carbon
‘fiber so that said ferrous metallic member may be at least part-
ly buried in said concfete mix,
partly Curing:€he so molded composite structure in said
¢ mold until it becomes eeif-supporting,'.
demolding the partly cured compdgite'structure from said
mold, and ' |

fully curing the demolded composite Sffucture in an auto-

clave at a temperature between 100 and 215°7T.

2. The process in accordance with claim 1, wherein a fer-
rous metallic mold is used and an insulating layer having an .

electric resistance of not ' less than

100 ohms is formed on that surface of

T




erei nabove at |east partly burieghén.said matri x and an insulating |
er-on the surface of said ferrcastnetal |ic menber for preventing contact .

% said ferrous nmetallic menber with the carbon fiber, said i nsul ating !
| ayer having an electric resistance of not - | ess than 10@ ¥
ohns. . 6. The structure in accordance with claim5, wherein said L
I nsul ating | ayer conprises a-cured epoxy resin. 7. The structure in

accordance with claim5, wherein said insulating | ayer conprises a cured
cement noskad apldaghdch8wouldl mridvessei secoe dbngugbtcliai wobtacd with
substantially as any herein described. 9. A structure produced by the
process othangootretei mixl tim pduamce 10f th@sP@QéEOBeoﬁchﬁdF@QQN§&§zurn5

and substantially as any herein descri bed.
mix. _

3. The process in accordance with claim 1 or 2,
wherein the insulating_layer-is formed from an epoxy resin.

'4.. The process in accordance with claim 1 or 2,
whereih'the insdla;ing layer is formed from a cement mortar
or paste,

S. A precast composite structure of carbon fiber L.j
reinforced concrete comérising a maﬁrix of cured carbon fiber'
reinforced concrete conta1n1ng 0. 2 to 10% by volume of
carbon fiber, at least one ferrous metallic member as deflned
hereinabove at least partly buried in said matrix and an
insulating ;ayerion the surface of said ferrous hetallic-
member for.prevenrdng'contact of said ferrous metallic member
with the carbon fiber,'said_;nsula;ing iayer having an
electric resistance ofnnot less than 100 ohms.

| 6. The structure in accordance with claim 5, wherein \cj

said insulating layer comprises a cured epoxy resin. '

7; The structure in accordance with claim 5, wherein
said insulacing layer comprises a cured cement mortar or
paste} '

8. A process according to claim 1 and subetantially
as any herein described.

9. A structure produced by the process of any of
claims 1 to 4 or 8

10. A structure accordlng to claim 5 and substantially

* [ L " s *

as any herein described.




