
CARBON FIBER REINFORCED CONCRETE Technical Field of the Invention The
present invention relates to an improvement of a car- bon fiber reinforced
concrete. More particularly, it relates to an improvement 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 matrix. In another aspect the invention provides
a process for manufacturing such a precast composite structure. Background
of the Invention 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. Since the devel- opment of
inexpensive pitch-based carbon fibers, extensive studi- es on a practical
use of carbon fiber reinforced concrete have    been made, and great
expectations are entertained of this new construction material having
strngth, distortion and elastic properties which have not been realized by
the heretofore avail- able cement concretes. We have been engaged for a
long year in a research and development work on the carbon fiber reinforced
concrete. During our work we have encountered a problem which is not the
case with ordinary 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 concrete 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. Description 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
comparative to that of a noble metal, is in contact with a basic metal
(fer- rous metal), there is formed a local cell, which is a primary cause
of the metal corrosion, and found that upon curing of con-
cretecontaining from 0.2 to 10 %  by volume of carbon fiber dis- persed
therein while being in contact with a surface of ferrous metal, the problem
of the metal corrosion peculiar to the carbon fiber reinforced concrete can
be substantially completely overcome, if an insulating layer having an
electric resistance of at least 100 ohms is preformed on the surface of the
ferrous metal in advance of the curing. Thus,  the invention provides a
process for manufacturing a precast composite structure of carbon fiber
reinforced concrete 



comprising a matrix of cured carbon fiber reinforced concrete and at least
one ferrous metallic member (being a member of ferrous metal as defined
below) at least partly buried in said matrix, said process comprising the
steps of: forming an insulating layer having an electric resistance of not
less than 100 ohms at least on that surface of said ferrous metallic
member, which will otherwise be brought in contact with a concrete mix,
placing said ferrous metallic member having the insulating layer formed
thereon in position in a mold, pouring into said mold a concrete mix
comprising 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 composite
structure in said mold until it becomes self-supporting, demolding the
partly cured composite structure from said mold, and    fully curing the
demolded composite structure in an autoclave at a temperature between [err]
and [err] Prefer- ably a ferrous metallic mold is used and an insulating
layer having an electric resistance of not              less than 100 ohms
is formed on that surface of said mold which would otherwise be brought in
contact with the concrete mix, in advance of the pouring of the concrete
mix. The invention further provides a precast composite structure of carbon
fiber reinforced concrete comprising a matrix of cured carbon 



fiber reinforced concrete containing 0.2 to 10% by volume of carbon fiber,
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 preventing 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 the invention can
have excellent strengh, distortion and elastic propeties pecul- iar to
carbon fiber reinforced concrete, and exhibit minimum change of dimensions.
They are very useful as construction mate- rials for exterior and interior
walls and floors, particularly in constructing a floor of a room in which a
computer or office automation instruments are to be installed or a floor of
a clean room or operation room. In embodiments of the invention, the
formation of a local cell, owing to contact of the carbon fiber with the
metallic member, or a flow of an electric current generated by such a local
cell is prevented by forming an insulating layer on that surface of the
metallic member which will otherwise be brought in contact with a concrete
mix having carbon fiber dispersed therein. For this purpose we have found
that in the case of a concrete mix    having from 0.2 to 10 % by volume of
carbon fiber dispersed therein the insulating layer should have an electric
resistance of at least        100 ohms, preferably at least           500
ohms. Any organic or inorganic material capable of forming an in- sulating
layer having an electric resistance of at least 



100 ohms, preferably at least          500 ohms, on the ferrous metallic
member may be used in the practice of the invention. Suitable organic
materials for forming the insulating layer in- clude, for example, epoxy
resins, acrylonitrile-butadiene rub- bers, acrylonitrile-styrene-butadiede
rubbers, silicone resins and dispersions of "Teflon" (Trademark)
(polytetrafluoroethylene ) . Suitable inorganic materials include, for
example, cement mortar or paste and dispersions of ceramics (e.g.,
alcoholic dispersions of [err]. For easiness in processing and from an
economical viewpoint we prefer to use an epoxy resin or a cement mortar or
paste. Commercially 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
[err] may be conveniently used in forming the insulating layer. In
practice, at least those areas of the ferrous metallic member  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-    rous metallic members
is to be used, the insulating layer may be formed on the overall surfaces
of the assembly by shot blasting the indivedual ferrous metallic members,
assembling the members in position, preheating the assembly so obtained,
exposing the preheated assembly to a fluidized bed of a particulate epoxy 



resin so that the resin may adhere to the overall surfaces of the assemby,
where it may melt and cure, and baking the assembly in a baking furnace.
The layer of the cured epoxy resin so formed should prefer- ably be
continuous, and must have an electric resistance of at least        100
ohms, preferably at least           500 ohms. This preferred value of the
electric resistance of at least              500 ohms can be safely
realized, if the cured epoxy resin layer has a thickness of about 100
[err]or more. The upper limit of the thickness of the epoxy resin layer is
not very critical. The thickness in excess of about 500 [err] is not
necessary in many cases. Suitable cement mortars and pastes which may be
used for forming the insulating layer on the ferrous metallic member in
accordance with the invention may comprise a hydraulic cement, water, fine
aggregate such as siliceous sand and polymer, with a water to cement ratio
of from 20 to 40, a fine aggregare to cement ratio of from 0 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 polymer is used, we
prefer to form the insulating layer using a cement mortar con- taining fine
aggregate at a fine aggregate to cement ratio of at least 0.5.. The polymer
may be added to the cement mix in the form of a latex or emulsion. Examples
of the suitable latex or emulsions include, for example, natural rubber
latices, acrylo- 



nitrile-butadiene rubber latices, vinyl chloride-vinylidene chloride
copolymer emulsions, acrylate polymer emulsions and polyvinyl acetate
emulsions. In practice, the areas of the fer- 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. The 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 mm or more. The
upper limit 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
fasten- er, the insulating layer is formed at least on those surfaces of
the member which will otherwise be brought in contact with the concrete
mix. The ferrous metallic members so treated with the insulating material
are placed in position in a mold suitable for molding the desired
structure. In addition to the mold, suit- able spacers may be used,
depending upon the particular shape of 



the desired structure. The mold, and spacers if any, should have been
pretreated with a suiteble releasing agent, such as mineral oil. When the
ferrous metallic members, which are to be at least partly buried in the
final product, have been suitably assembled in the mold 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
is pour- ed into the mold. 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.
We have found that within this range the length of 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 carbon 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-    ticular
content of the carbon fiber in the concrete mix as well as the particular
length of the carbon fiber used may be select- ed within the prescribed
ranges, solely depending upon the in- tended mechanical properties of the
cured carbon fiber reinforc- ed concrete structure. 



Other conditions of the not yet cured concrete mix, includ- ing the nature
of the hydraulic cement, use or non-use of a poly- mer, the water to cement
ratio, the aggregate to cement ratio and the polymer to cement ratio, do
not constitute the crux of the invention. Regarding these conditions, those
normally 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 aggregate, 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 with respect 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 composite structure so molded is
partly cured in the mold until it becomes self-supporting. This is usually
effeted by allowing the composite structure in the mold to stand under
ambient conditions. If desired, it may be effected in an atmos- phere of
warm steam. The partly cured self-supporting composite structure is
demolded from the mold, placed in an autoclave and fully cured in an
atmosphere of saturated steam at a temperature of from 100 



'C and 215 [err] preferably at a temperature of from 150 [err] to 200
[err]. Such an autoclave curing in an atmosphere of saturated stesm at an
elevated temperature (100 to [err]) and under a superat- mospheric
pressure ( 0 to 20 atmospheres gauge ) corresponding 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 spacers, when used, from the demolded
partly cured composite structure, in advance of the autoclave curing of the
latter. The demolded structure may be subjected to the autoclave curing
without having a part of the mold elements and all or part of the spacers,
if any, removed, and thereafter such mold elements and spacers may be
remeoved from the fully cured pro- duct. The invention will be further
described with reference to the attached drawings, in which  : Fig. 1 is a
perspective view of an example (an exterior wall material ) of a precast
composite structure of carbon fiber reinforced concrete in accordance with
the invention ; Fig. 2 is an enlarged cross-sectional view of the com-
posite structure of Pig. 1, taken along the line  [err] ;    Fig. 3
graphically shows a change with time of the corro- sion potential of a
steel maintained in a cement mortar contain- ing carbon fiber, and that of
the same steel mainrained in the corresponding cement mortar containing no
carbon fiber; Fig. 4 graphically shows a behavior of the cathode polar- 



ization of a steel in a cement mortar containing carbon fiber, and that of
the same steel maintained in the corresponding cement mortar containing no
carbon fiber; Fig. 5 is a conceptioal view for elecrochemically explain-
ing the steel corrosion in a carbon fiber reinforced concrete and Fig. 6
shows the shape and dimensions of a test piece sub- jected to an
accelerated corrosion test. Referring 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 10% by volume, preferably from 1 to 5 % by volume,
reinforcing steel bars 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 in the mat- rix 1. reinforcing steel meshes 5, 5' entirely
buried in the mat- rix 1, and a square steel plate 6 one side of which is
buried in the matrix 1 and through the center of which the anchor bolt 3
penetrates perpendicularly. Insulating layers  (not shown ) hav- ing an
electric resistance of at least           100 ohms have been formed in
accordance with the invention on the entire surfaces    of the reinforcing
steel bars 2. 2', L-shaped bar 4 and reinforc ing meshes 5, 5', as well as
on those surfaces of the anchor bolt 3 and plate 6 which will otherwise be
brought in contact with the matrix 1. Test results on which the invention
is based will now be 



described. Corrosion resistance and polarization curve A test specimen was
inserted into a cement mortar contain- ed in a wooden mold, and determined
for the corrosion potential in the curing cement mortar, using a saturated
calomel electrode as a reference electrode. The cement mortar used had a
composi- tion shown in Table 4 except that it contained no carbon fiber.
The specimens tested were carbon fiber, a steel piece and a reinforcing
stainless steel mesh, alone or in couple. The results are shown in Table 1.
Table 1   Corrosion reistance  (in V vs SCE ) Alone
Couple CF         SS         St      SS +St     CF +St No. 1   -0.  26
-0. 28   -. 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    Note SCE   :
saturated calomel electrode CF    : carbon fiber SS    : stainless steel
mesh  (6 mm [err] ) St    : steel piece No. 1 : measured 30 mins. after
placement of mortar No. 2 : measured 1 hr. after placement of mortar No. 3
: measured after 3 hrs. curing in steam) Table 1 reveals that the order of
the corrosion potential in cement mortar is as follows. 



CF  >   SS  > (CF +St)  > > (SS +St)  > St It can be understood therefore
that when steel is in contact with carbon fiber 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 cement
mortar substantially more basic than that of carbon fiber in the same
cement mortar, including, for example, iron and some its alloys as well as
such materials coated with Al or Zn. A change with time of the corrosion
potential of steel in a plain cement mortar containing no carbon fiber,
measured in the manner as described above, 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 graphically shown in Fig. 3. As seen from Fig. 3, the corrosion
potential of steel becomes more basic as time elapses. Namely, the steel
changes from a so-called immobilized stateo to a so-called activated state.
If we presume that the cathode reaction involved is a reduction of oxygen,
the above-mentioned fact is believed to indicate that the oxygen in the
cement mortar is slowly consum-    ed and becomes lacking because of a slow
replenishment thereof. It is understood therefore that steel which is in
contact with noble carbon fiber in the curing mortar is in the activated
state so that the galvanic corrosion thereof is promoted. Fig. 4
graphically shows a behavior of the cathode polari- zation of steel in a
cement mortar containing 2.5 % by volume 



of carbon fiber and that of the same steel in the corresponding cement
mortar containing no carbon fiber. It can be seen from Fig. 4 that the
cathode current of steel in cement mortar in- creases drastically  (about
ten times of more ) by addition of carbon fiber to the cement mortar. This
is believed because the carbon fiber in the cement mortar has come in
contact with the steel and the following redox reaction has proceeded on
the car- bon fiber. [err] pH and redox potential of cement mix Table 2
indicates the plain cement mix used in the,above- mentioned tests  (No. 2 )
and the corresponding cement mix con- taining 2.5 %  by volume of carbon
fiber (No. 1 ) which was also used in the above-mentioned tests.  Various
cement sixes were prepared by varying the composition with respect to the
kind of the aggregate,  the kind of the dewatering agent, and use or non-
-use of the defoaming agent as indicated in Table 2. with the water to
cement ratio and the sand to cement ratio unchanged. Each cement mix was
tested for the pH and redox potential. The results are shown in Table 3.
Table 2      Concrete mix Dewatering  Defoaming   Thickener CF    Aggregate
agent *       agent* Siliceous No. 1   yes       sand A          C
yes           yes Siliceous 



No. 2   no        sand A          C            yes           yes Siliceous
No. 3   yes       sand B          C            yes           yes Siliceous
No. 4   yes       sand A          D            yes           yes Siliceous
No. 5   yes       sand A          C             no           yes Table 3
pH and redox potential Redox potintial   (in V vs ACE ) pH 30 mins, after
After 3 hrs. placement         curing in steam No. 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                -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 different sands and agents
respectively suitable for use in concrete mixes.    As seen from Table 3,
the pH of cement mix does not vary to a great extent by changing its
formulation within the tested range, and is within a narrow range from 13.
4 to 13. 7. Table 3 further reveals that while the redox potential of
cement mix is in the order of from -0. 15 to -0. 22 V, immediately after
place- ment, it becomes slightly more basic in the course of curing in 



steam. This means that the oxidizing property of the environment decreases
with time. Assuming that the redox potential of the en- vironment is
determined by oxygen in the environment, the maxi value of the redox
potential will be determined by the oxygen re- dox electrode potential at
equilibrium, which may be calculated as follows. [err]= 1. 23 - 0. 06 pH +
0. 015 log [err] (in V vs 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 is 0. 2 atm. ; SHE means a saturated hydregen elec- trode ;
and SCE means a saturated calomel electrode. By intro- ducing [err]=  0. 2
atm. and pH =  13. 5 into the latter equation we can caluculate : [err]=
0. 19 (in V vs SCE ) This calculated value is considerably 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 determin- ed by the reduction of
oxygen so far as no other effective oxi-    dant (e.g.,[err] ) is present
in the system. From the test results it has been revealewd that the pre-
sence of carbon fiber in a cement matrix adversely corrodes steel in
contact with the matrix. This is believed bacause the carbon fiber is very
conductive and exhibits a noble potential well comparable to that of a
noble metal auch as platinum, and 



in consequence, galvanic corrosion due to contact of steel with carbon
fiber proceeds. It is further believed that the presence 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 promote the 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  [err] 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  [err] 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  [err] 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 the reaction : [err]  (decrease in pH ) and thus the stable scale
coating can be maintained no more, re- sulting in further promotion of the
corrosion.    Example 1 (1). A wooden mold suitable for obtaining a
composite struc- ture having dimensions of 40mm X40mm X16Omm was prepared.
As a releasing agent mineral oil was applied to inner walls of the mold. A
steel bar having a diameter of 10 mm was placed in the mold so that it may
be buried in a rectangular structure to be 



obtained substantially along the center line thereof. It was a steel bar
for reinforcing concrete in accordance with JIS G 3132 SD 30 having mill
scale removed by shot blasting in advance. A carbon fiber containing
concrete mix having a composition as indicated in Table 4 was poured into
the mold and cured in steam at  a temperature of 40 [err] for a period of 5
hours. At the end of the period the molded structure was demolded, and then
cured in an autoclave for 5 hours at a temperature of [err]and a pressure
of 10 atmospheres. The structure so obtained comprised, as shown in Fig. 6,
a matrix 11 of cured carbon fiber reinforced concrete and a reinforcing
steel bar 12 buried in the  matrix 12, and was of a shape and dimensions
shown in the same figure. Several [err] structures were prepared. (2).
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 hot dip zinc casting the same (the thickness of the
zinc coating :50 [err] ) . (3). 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
with an epoxy resin (the thickness of the coating: about 200 [err] ) . The
coating was applied as follows. The steel bar having mill scale removed by
shot blasting was heated at a temperature of [err]  for 15 minutes, exposed
to a fluidized bed of a parti- culate epoxy resin for about 4 seconds to
form a resin coating thereon and heated at a temperature of [err]  for
about 20 minutes 



to fully cure the resin. (4). 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 with a cement
mortar mix, followed by 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 cellulose. The siliceous sand powder comprised, by weight, 95.
0 %  of [err] 2. 17 %  of A1203 and 1. 17 %  of [err], and had a specific
weight of 2. 70 and a specifec surface area of 3360cd/g.    Table 4
Formulation of CFRC length (mm)                           6 Carbon fiber CF
content  (vol.% )                    2.5 Water ro cement ratio  W/C  (5)
60 Sand to cement ratio   S/C  (%)                      60 Water   W
489 Cement (high-early-strength cement) C          814 Siliceous sand
powder  (size : 20[err] kg     average and 100 [err] 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 Note       * : Thickener supplied by
Shin-etsu Kagaku (methyl cellulose) * * : Dewatering agent supplied by
Rozoris Bussan * * * : Defoaming aent supplied by San-nobuko On various
bars used above the state of corrosion was ex- amined. After the curing in
steam and after the curing in auto- clave the bar was taked out 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
autoclave were subjected to an accelerated corrosion test two or four
times. The test comprised heating the structure in an autoclave at 180
[err] for 5 hours. According to our experience a single such auto-
toclave treatment substantially corresponds to a four years ex- posure to
an ambient atmosphere. After two or four times of the autoclave treatment
the bar was taked out of the structure and examined in the same manner as
described above. The results are shown in Table 5. Table 5 After cured in
Times of ac- Tested reinforcing bar                        celerated test
steam   auto- clave      2         4 steel with no scale              A
B        D        E 



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 A  :  No rust
B :  Point rust, slightly C :  Point rust, several D  :  Red rust in some
areas E  :  Red rust over more than 50%  of the surface Example 2 The
composite structures prepared by the procedures de- cribed in Example 1
were subjected to another accelerated corro- sion test comprising 10 cycles
of exposure to an atmosphere of 100 %  RH at 80 'C for 48 hours and
exposure to an atmesphere of 40% RH at 80 'C 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 (1), red rust had occurred over
substantially all the surface of the    bar (ordinary steel with no scale)
. In the case of the structure prepared as in Example 1 (2), point rust of
a size of about 0.1 to 0.3 mm was observed in 41 places of the surface of
the bar (hot dip zinc cast ) In the case of the structures prepared as in
Example I (3) and (4), no rust was observed on the surface of the bars
(epoxy resin coated and cement mortar coated ) 



Example 3 A composite structure was prepared as described in Example 1 (3),
except that incisions of 0.5 [err] 1 [err], 2 [err] and 5 [err] were made
on the surface of the cured epoxy resin coating, in two places,
respectively (8 places in total ) . The structure was subjected to ten
times of the autoclave treatment described in Example 1. After the
treatment the bar was taken out of the structure and examined for the state
of corrosion by an optical microscope. In one of the two places, where
incisions of  2 [err] had been made, point rust of a size of about 0.2 mm
diameter was observed In one of the two places, where incisions of 5 mm'
had been made, point rust of a size of about 0.4 mm diameter was observed.
No rust was observed in other places.    Claims 1. A process for
manufacturing a precast composite struc- ture of carbon fiber reinforced
concrete comprising a matrix of cured carbon fiber reinforced concrete and
at least one ferrous metallic member as defined hereinabove at least partly
buried in said matrix, said process comprising the steps of: forming an
insulating layer having an electric resistance of not                 less
than 100 ohms at least on that sur- face of said ferrous metallic member,
which will otherwise be brought in contact with a concrete mix, placing
said ferrous metallic member having the insulating layer formed thereon in
position in a mold, 



pouring into said mold a concrete mix comprising 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 composite structure in said mold until it
becomes self-supporting, demolding the partly cured composite structure
from said mold. and fully curing the demolded composite structure in an
auto- clave at a temperature between [err] and [err] 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    said mold which
would otherwise be brought in contact with the concrete mix, in advance of
the pouring of the concrete 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, wherein the insulating layer
is formed from a cement mortar or paste. 5.   A precast composite structure
of carbon fiber reinforced concrete comprising a matrix of cured carbon
fiber reinforced concrete containing 0.2 to 10% by volume of carbon fiber,
at least one ferrous metallic member as defined 



hereinabove at least partly buried in said matrix and an insulating
layer-on the surface of said ferrous metallic member for preventing contact
of said ferrous metallic member with the carbon fiber, said insulating
layer having an electric resistance of not                 less than 100
ohms. 6.   The structure in accordance with claim 5, wherein said
insulating layer comprises a cured epoxy resin. 7.   The structure in
accordance with claim 5, wherein said insulating layer comprises a cured
cement mortar or paste. 8.   A process according to claim 1 and
substantially as any herein described. 9.   A structure produced by the
process of any of claims 1 to 4 or 8. 10.  A structure according to claim 5
and substantially as any herein described.    


