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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a manufacturing method of a small-diameter, round fiber-reinforced plastic
strand. The present disclosure further relates to a fiber-reinforced sheet in which such fiber-reinforced plastic strands
are arranged in a sheet shape. Particularly, the fiber-reinforced sheet is applicable for bonding, for reinforcement, to,
for example, a concrete structure or a steel structure which is a civil-engineering structure (in the present specification,
such structures including a concrete structure and a steel structure are simply referred to as "structure").

2. Description of the Related Art

[0002] For the purpose of reinforcing a structure, a bonding process of attaching or winding continuous fiber-reinforced
sheets onto or around the surface of an existing or a new structure has recently been developed.
[0003] This bonding process is however only simple bonding. A limitation is imposed on reinforcing effect of the ultimate
bearing force because of early destruction of structure caused by peeling of FRP (fiber-reinforced plastics) reinforcing
members, and furthermore, the cracking inhibiting effect of, for example, a concrete structure has its limits. In addition,
high performance of FRP reinforcing materials is not effectively utilized in many cases. Cracking damages in existing
structures cannot be restored or structures cannot be reinforced against a dead load.
[0004] To solve these problems, a process known as the strained bonding process is now applied in practice, comprising
the steps of achieving a tensioned state by inputting a load onto a sheet-shaped reinforcing member, and bonding the
sheet-shaped reinforcing member in the tensioned state to the structure surface. The sheet-shaped reinforcing member
used in this strained bonding process is a sheet in which fibers not impregnated with a resin are arranged in a direction,
known as a reinforcing fiber sheet, or a fiber-reinforced plastic flat plate having a width larger than 50 mm.
[0005] However, in a fiber-reinforced sheet using fibers not impregnated with a resin, the reinforcing fibers are not
always arranged uniformly in a direction because of the problems in manufacture or in handling. As a result, partial
thread breakage occurs upon tensioning a fiber-reinforced sheet by imparting a load to introduce a tensioning force,
and this may prevent from introducing a sufficient tensioning force. In other words, the fiber-reinforced sheet cannot
sometimes display a force necessary for tensioning. The tensioning force is usually reduced by about 50 to 30% of the
final breaking force.
[0006] When using a fiber-reinforced plastic flat plate, a large sheet width tends to cause a problem upon bonding in
that it is difficult to obtain a sufficient adhesive strength due to mixture of voids onto the joint surface. In order to avoid
occurrence of voids, a conceivable countermeasure is to provide holes in the fiber-reinforced plastic sheet. This is not,
however, preferable since holes would cut reinforcing fibers of the fiber-reinforced plastic flat plate.
[0007] The present inventors have therefore proposed a fiber-reinforced sheet, as disclosed in Japanese patent ap-
plication laid-open No. 2004-197325, in which a plurality of continuous fiber-reinforced plastic strands, impregnated with
a matrix resin and cured, are arranged in the longitudinal direction in a blind shape, and these strands are then fixed by
a fixing fiber material.
[0008] Such a fiber-reinforced sheet permits solving the problem of thread breakage upon tensioning, avoidance of
occurrence of voids upon execution, thereby ensuring a sufficient adhesive strength for the surface to be reinforced,
and particularly makes it possible to accomplish reinforcement of a concrete structure based on the strained bonding
process at a very high workability.
[0009] It has been the usual and conventional practice to manufacture a round continuous fiber-reinforced plastic
strand used in the aforementioned fiber-reinforced sheet by the application of a pultrusion forming process known as
the pultrusion process.
[0010] US 4,050,230 describes a rope using reinforcing fibers and a method for forming the same. The strand is
manufactured by the pultrusion method using a series of shaping dies.
[0011] US 4,975,232 describes a process for producing a fiber reinforced plastics linear material such as a tension
member for optical communication cables. The tension member has a spiral groove to hold the fiber. The fiber reinforced
plastics linear material is manufactured by the pultrusion method using a molding die.
[0012] JP H05 33278 describes a rope comprising a carbon fiber reinforced composite material and a producing
method for the same. The carbon fiber resin-impregnated strands are produced by the pultrusion method and shaped
using a die.
[0013] In this process, however, a problem is encountered in that use of a heating die for forming a round strand
causes generation of resistance during passage of strands through the die, thus preventing from raising the forming
speed. Another problem is that the size limitation of die imposes a limit in the number of holes to be provided in the die,
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limiting the number of strands capable of being manufactured at a time to 20 to 30 strands.
[0014] The process suffers from still another problem in that a release agent is used for preventing sticking of the
matrix resin and the die, and outflow of the release agent onto the strand surface prevents smooth bonding of the
adhesive and the strand surface when bonding the strand to a structure, when using the strand as a sheet-shaped
reinforcing member (fiber-reinforced sheet) for reinforcing the structure. This causes further another problem that, when
using the fiber-reinforced sheet, surface roughing should be carried out with sand paper or the like after curing of the strand.
[0015] These problems have caused an increase in the manufacturing cost, and a decrease in quality due to flawing
of strands upon surface roughing.

SUMMARY OF THE INVENTION

[0016] It is accordingly an object of the present invention to provide a manufacturing method of a round fiber-reinforced
plastic strand, which permit elimination of limit on the forming speed or on the number of strands manufactured at a
time, do not use a release agent, eliminate the necessity of operations after forming such as surface roughing, and
permit a large reduction of the manufacturing cost and a considerable increase in the product quality.
[0017] It is another object of the present invention to provide a manufacturing method of a round fiber-reinforced plastic
strand, which permit forming into a round shape without the need for a heating die, make it possible to manufacture
many products at a time, and thus are more favorable than the strands based on the pultrusion method in cost as well
as in quality.
[0018] The above-mentioned objects are achieved by the manufacturing method of a round fiber-reinforced plastic
strand, of the present invention. In summary, according to a first embodiment of the present invention, there is provided
a manufacturing method according to claim 1.
[0019] According to a second embodiment of the present invention, there is provided a manufacturing method according
to claim 2.
[0020] According to the present invention, the aforementioned fiber-reinforced plastic strand has a diameter from 0.5
to 3.0 mm.
[0021] According to the present invention, the number of twists of the aforementioned reinforcing fiber bundles is from
5 to 40 twists/m.
[0022] According to the present invention, the resin-impregnated reinforcing fiber bundle is tensioned with strength of
500 g (4,9 N) per bundle to 3,000 g (29,4 N) per bundle.
[0023] According to the present invention, the amount of impregnation of the matrix resin relative to the aforementioned
reinforcing fiber is from 30 to 60% in volume ratio.
[0024] According to another embodiment of the present invention, the aforementioned fiber is any of glass fiber, carbon
fiber, aramid fiber, PBO (polyphenylenebenzbisoxazole) fiber, and polyester fiber.
[0025] According to another embodiment of the present invention, the aforementioned matrix resin is any of epoxy
resin, vinylester resin, MMA resin, unsaturated polyester resin, and phenol resin.
[0026] According to a the present disclosure, there is provided a round fiber-reinforced plastic strand which is a round
fiber-reinforced plastic strand comprising a plurality of reinforcing fibers arranged in a direction, wherein bundles of the
plurality of reinforcing fibers are impregnated with a resin, having a circular cross-section;
wherein the aforementioned fiber-reinforced plastic strand is a fiber-reinforced plastic strand manufactured by a manu-
facturing method having the above-mentioned configuration.
[0027] According to a the present disclosure, there is provided a fiber-reinforced sheet which is a sheet-shaped
reinforcing material for reinforcing a structure by bonding thereto, in which reinforcing fibers are impregnated with a
matrix resin; a plurality of cured and continuous fiber-reinforced plastic strands are arranged in a blind shape in the
longitudinal direction; and strands are fixed to each other by a fixing fiber material;
wherein the above-mentioned fiber-reinforced plastic strand is a fiber-reinforced plastic strand manufactured by a man-
ufacturing method having the above-mentioned configuration. According to the present disclosure, the above-mentioned
fiber-reinforced plastic strands are spaced apart from each other by 0.1 to 1.0 mm. According to another embodiment,
the aforementioned fixing fiber material is in a thread-shaped material comprising glass fiber or an organic fiber.
[0028] According to the present invention, a round-shaped strand can be manufactured without the need for a die, by
imparting a tensile force to the reinforcing fiber upon heating for curing the resin-impregnated reinforcing fiber, by twisting
the reinforcing fibers and controlling the amount of resin impregnation of the matrix resin.
[0029] According to the present invention, furthermore, because of the elimination of the need for a die, it is possible
to manufacture more than 30 strands at a time, and because of the unnecessity to add a release agent into the matrix
resin, the necessity for a surface roughing of the strand is eliminated, thus permitting a large cost reduction and im-
provement of quality.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0030]

Fig. 1 is a schematic configuration view of the manufacturing equipment for describing an embodiment of the
manufacturing method of a fiber-reinforced plastic strand of the present invention;
Fig. 2 is a schematic configuration view of the manufacturing equipment for describing an embodiment of the
manufacturing method of a fiber-reinforced plastic strand of the present invention;
Fig. 3 is a schematic configuration view for describing operation of the delivery bobbin in the manufacturing equipment
for explaining an embodiment of the manufacturing method of a fiber-reinforced plastic strand of the present invention;
Fig. 4 is a sectional view of a fiber-reinforced plastic strand comprising the fiber-reinforced sheet of the present
disclosure;
Fig. 5 is a perspective view illustrating an embodiment of the fiber-reinforced sheet of the present disclosure;
Fig. 6 is a schematic configuration view of the strand manufacturing equipment for describing the conventional
pultrusion process;
Fig. 7 is a schematic configuration view of the manufacturing equipment for describing another embodiment of the
manufacturing method of the fiber-reinforced plastic strand of the present invention; and
Fig. 8 is a schematic configuration view for describing operation of the winding bobbin in the manufacturing equipment
for describing another embodiment of the manufacturing method of the fiber-reinforced plastic strand of the present
invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0031] The manufacturing method of the fiber-reinforced plastic strand of the present invention, the fiber-reinforced
plastic strand manufactured by this manufacturing method, and the fiber-reinforced sheet manufactured by use of the
manufactured strand will now be described in detail with reference to the drawings.

Embodiment 1

[0032] An embodiment of the manufacturing equipment 100 (100A and 100B) for manufacturing the fiber-reinforced
plastic strand of the present disclosure is illustrated in Figs. 1 to 3. Fig. 4 shows a sectional structure of the fiber-reinforced
plastic strand manufactured in accordance with the present invention, and Fig. 5, an embodiment of the blind-shaped
fiber-reinforced sheet using such a fiber-reinforced plastic strand.
[0033] In this embodiment, the manufacturing equipment 100 (100A and 100B) is composed of a fiber-feeding/resin-
impregnation/ winding section 100A (Fig. 1) and a fiber-tensioning/heating-curing section 100B (Fig 2).
[0034] Fig. 1 illustrates the fiber-feeding/resin-impregnation/winding section 100A of the manufacturing equipment
100, in which, in the drawing, a reinforcing fiber strand (reinforcing fiber bundle) f1 comprising a plurality of reinforcing
fibers f moves from left to right, during which a twisting processing and resin impregnation are carried out.
[0035] Fig. 2 illustrates the fiber-tensioning/heating-curing section 100B of the manufacturing equipment 100, in which,
in the drawing, the reinforcing fibers f2 subjected to twisting processing and resin impregnating step move from left to
right, and the resin is cured under a prescribed tension.
[0036] Description will now be made further in detail. In the fiber-feeding/resin-impregnation/winding section 100A, a
plurality of, two in this embodiment, delivery bobbins (cylindrical thread spool) 11 (11a and 11b) for fiber feeding are
prepared, and a reinforcing fiber strand (reinforcing fiber bundle) comprising a prescribed number of collected reinforcing
fibers f not as yet impregnated with a resin is wound on each bobbin 11.
[0037] The reinforcing fiber bundles f1 wound around each bobbin 11 are continuously fed to the resin impregnation
step where a resin impregnating tank 17 is arranged. At the same time, the reinforcing fiber bundles f1 are twisted
(reinforcing fiber bundle feeding - twisting processing step).
[0038] In other words, the reinforcing fiber bundles f1 fed to the resin impregnation step are impregnated in the resin
impregnating tank 17 with a resin, and the resin-impregnated reinforcing fiber bundles f2 are wound onto the winding
bobbins 22 (22a and 22b) while twisting (resin impregnation - twisting processing step).
[0039] In the fiber-tensioning/heating-curing section 100B shown in Fig. 2, the resin-impregnated and twisted reinforc-
ing fiber bundles f2 are delivered from the bobbin 22, introduced into a heating-curing furnace 27 and heated for curing.
The heated and cured reinforcing fiber bundles, i.e., the fiber reinforced plastic strand 2 is wound onto winding bobbins
30 (30a and 30b). Heating-curing processing is carried out in a state in which a prescribed tension is applied to the resin-
impregnated reinforcing fiber bundles f2 (reinforcing fiber bundle tensioning/heating-curing step).
[0040] The above-mentioned step will now be described further in detail.
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(Reinforcing fiber bundle feeding/twisting processing step)

[0041] As will be understood more clearly with reference to Fig. 3, in this embodiment, the two bobbins 11 (11a and
11b) are attached to rotating shafts 12 (12a and 12b) provided in the delivery device 51, and the rotating shafts 12 are
rotatably attached to main rotating shafts 13 (13a and 13b) of the delivery device.
[0042] Each bobbin 11 (11a or 11b) turns around the rotating shaft 12 (12a or 12b) of the bobbin 11 (11a or 11b) by
means of a driving motor M and a gear transmitting mechanism G, thus delivering the reinforcing fiber bundle f1 wound
around the bobbin 11 (11a or 11b). At the same time, each bobbin 11 (11a or 11b) is rotated around the main rotating
shaft 13 (13a or 13b) along with the rotation around the rotating shaft 12 (12a or 12b) while rotating around the rotating
shaft 12 (12a or 12b) as described above.
[0043] That is, the bobbin 11 rotates around the rotating shaft 12, and simultaneously, around the main rotating shaft
13, thus delivering the reinforcing fiber bundle f1.
[0044] The reinforcing fiber bundle f1 delivered from the bobbin 11 is guided by guide holes 15 (15a and 15b) and
introduced into the resin impregnating tank 17 by an entry guide roll 16.
[0045] Under the effect of the above-mentioned configuration, the reinforcing fiber bundle f1 fed to the impregnation
step including the resin impregnation tank 17 is fed in a twisted form.
[0046] The number of twist turns provided per m can be controlled by adjusting the number of revolutions of the bobbin
11 around the main rotating shaft 13 and the delivery speed of the reinforcing fiber bundle f1.
[0047] As described later more in detail, the fiber-reinforced plastic strand has a diameter of from 0.5 to 3.0 mm.
Therefore, as the reinforcing fiber bundle f1 to be fed to the impregnation step, for example, when using carbon fiber as
the reinforcing fiber, a carbon fiber strand (carbon fiber bundle) f1 comprising a collection of 3,000 to 48,000 carbon
fibers (filaments) each having a diameter of 6 to 10 mm is used.
[0048] The number of twists of the reinforcing fiber bundle is 5 to 40 twists/m. This will be described later further in detail.

(Resin impregnation step)

[0049] The impregnating tank 17 contains a matrix resin R, and an entry guide roller 16 guiding the reinforcing fiber
bundles f1 is arranged as described above at the entry of the impregnating tank 17. An impregnating roller 18 is arranged
in the impregnating tank 17, and exit guide roller pair 19 (19a and 19b) are arranged at the exit of the impregnating tank 17.
[0050] The entry guide roller 16 has a role of arranging in order a plurality of fibers f composing the reinforcing fiber
bundle f1 to be fed to the impregnating tank 17 before impregnation in the step of impregnating the reinforcing fiber
bundles f1.
[0051] The impregnating roller 18 has a role of forcedly impregnating the reinforcing fiber bundles f1 with the resin R
and is used in a state in which at least the lower half of the roller is dipped in the resin R contained in the tank 17.
[0052] The exit guide roller pair 19 (19a and 19b) have a function of stripping off the reinforcing fiber bundle f2
impregnated with the resin. During the stripping operation, the amount of resin deposit is controlled.
[0053] That is, the amount of resin impregnated into the reinforcing fiber bundle is controlled by controlling the pressing
pressure of the upper and the lower rollers 19a and 19b.
[0054] The amount of impregnation of the matrix resin relative to the reinforcing fiber f is 30 to 60% in volume ratio.
This will be described later more in detail.
[0055] The reinforcing fiber bundles f2 impregnated with resin are guided through the guide holes 21 (21a and 21b)
formed in the guide 20, and wound around the winding bobbins 22 (22a and 22b) in the winding device 52.
[0056] The individual winding bobbins 22 are rotation-driven around the respective rotating shafts 23 (23a and 23b).
[0057] The bobbins around which the resin-impregnated reinforcing fiber bundles f2 are wound, are detached and fed
to the heating-curing step in the fiber-twisting/ heating-curing section 100B as shown in Fig. 2.

(Tensioning-heating-curing step)

[0058] Referring to Fig. 2, in the twisting/heating-curing section 100B the bobbins 22 (22a and 22b) having wound up
the resin-impregnated reinforcing fiber bundles in the aforementioned winding device 52 are installed on the rotating
shafts 24 (24a and 24b) of the delivering device 53. In other words, the winding bobbins 22 function as delivery bobbins
in the tensioning-heating-curing step.
[0059] The uncured reinforcing fiber bundles f2 impregnated with resin and subjected to twisting processing, wound
on the delivery bobbins 22 are delivered by causing rotation of the bobbins 22 around the rotating shafts 24 (24a and
24b). The reinforcing fiber bundles f2 are introduced into the heating-curing furnace 27 via the guide 25, and wound
onto the winding bobbins 30 (30a and 30b) of the winding device 54.
[0060] Description will now be made further in detail. Functions of an electromagnetic brake and the like are imparted
to this delivery device 53, enabling it to provide the uncured resin-impregnated reinforcing fiber bundles f2 delivered
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from the bobbins 22 with an appropriate tensile force.
[0061] More specifically, it is possible to a circular cross-sectional shape of the reinforcing fiber bundle f2, i.e., a round
shape by giving an appropriate tensile force to the twisted and non-cured resin-impregnated reinforcing fiber bundle f2
in the resin-curing step in the heating-curing furnace 27 under the effect of the aforementioned configuration.
[0062] In the present specification and claims, the term "circular" shall mean to include substantial circles within the
range of diameter ratio from 1.0 to 1.5 in a longitudinal and transverse directions on the cross-section.
[0063] Furthermore, by imparting an appropriate tensile force to the reinforcing fiber bundles to tension the reinforcing
fibers f forming bundles uniformly as far as possible, it is possible to stabilize the quality such as strength of the fiber-
reinforced plastic strand 2 available after curing.
[0064] This embodiment has, as described above, a configuration in which unhardened reinforcing fiber bundles f2
are delivered while applying an electromagnetic brake to the delivered bobbins 22, and the resin is cured in the heating-
curing furnace 27 while applying an appropriate tensile force between the delivery bobbins 22 and the winding bobbins 30.
[0065] A strength of 500 to 3,000 g (4,9 to 29,4 N) per bundle is imparted to the resin-impregnated reinforcing fiber
bundle f2 as the tensioning force. This will be described later in detail.
[0066] The resin-impregnated fiber f2 already subjected to twisting processing and not as yet cured, to be delivered
from the delivery bobbins 22 is guided by the guide holes 26 (26a and 26b) formed in the guide 25, and continuously
fed to the heating-curing furnace 27.
[0067] Each delivery bobbin 22 is rotation-driven around the respective rotating shafts 24 (24a and 24b).
[0068] The heating-curing furnace 27 is basically a closed structure except for the entry and the exit, has a heater
function or a hot blast circulation function in the interior, and can heat the resin-impregnated reinforcing fibers f2.
[0069] The resin impregnated on the resin-impregnated fibers f2 is cured in this furnace at an appropriate temperature
for a certain period of time. The temperature and the time period in the heating-curing furnace 27 depend upon the kind
of the impregnated resin.
[0070] Therefore, by increasing the length of this curing furnace 27, the manufacturing speed of fiber-reinforcing plastic
strand can be raised and a higher productivity than in the method based on a die described later can be achieved.
[0071] In the die process described later, the hole for passing the resin-impregnated reinforcing fiber f2 can be prepared
only on the two-dividing surface between upper and lower halves. The number of products capable of being manufactured
at a time depends therefore upon the die width, and this makes the die process a low-efficiency manufacturing process.
[0072] In the method of this embodiment, on the other hand, it is possible to arrange and pass resin-impregnated
reinforcing fibers f2 by use of the entire inner cross-sectional area of the curing furnace, and this make the process a
very efficient manufacturing method permitting manufacture of far more products in number capable of being manufac-
tured at a time within a limited volume as compared with the die process.
[0073] When forming a round strand in the die process, a round groove hole is formed in the die, and a product is
available by heating and curing resin in this hole. In the process of this embodiment, the object is achieved by imparting
an appropriate tensile force to the resin-impregnated reinforcing fibers f2 subjected to degree of twisting higher than a
certain level. This eliminates the necessity for a die and permits improvement of the manufacturing efficiency and the
following quality improvement measures.
[0074] In the aspect of quality, the method of this embodiment does not use a release agent, unlike the die process
described later, thus providing a better adhesion between the completed fiber-reinforced plastic strand and the adhesive,
without the need for a processing such as surface roughing of the fiber-reinforced plastic strand, free from the risk of
flawing the product. It is thus more excellent in quality as well as in cost.
[0075] The fiber-reinforced plastic strand 2 of which the resin has been cured in the heating-curing furnace 27 is guided
through the guide holes 29 (29a and 29b) formed in the guide 28, and wound by the winding bobbins 30 (30a and 30b)
of the winding device 54.
[0076] The reinforced fiber bundles after the completion of resin curing, i.e., the fiber-reinforced plastic strands 2,
wound by the winding bobbins 30 are hard strands at this stage, and therefore cannot be wound on a small-diameter
bobbin. They are therefore wound by attaching large-diameter reels around the winding shafts, i.e., the rotating shafts
31 (31a and 31b).
[0077] The fiber-reinforced plastic strand 2 has a diameter of 0.5 to 3.0 mm.
[0078] After removing the reel 30 from the rotating shaft 31, the fiber-reinforced plastic strand 2 thus prepared is fed
to the blind-shaped fiber-reinforced sheet manufacturing step, which is the next step. The manufacturing method of the
blind-shaped fiber-reinforced sheet will be described later.

(Comparison to the pultrusion process)

[0079] Then, the pultrusion process for manufacturing general fiber-reinforced plastic strands will be described below
to clearly show differences from the manufacturing method of this embodiment.
[0080] The manufacturing method of fiber-reinforced plastic strands based on the conventional pultrusion process will
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be described with reference to Fig. 6. Fig. 6 shows a step in which the reinforcing fibers f move from left to right, and
during this movement, the resin impregnation, the round forming, the primary heating-curing, the secondary heating-
curing and the winding steps are carried out. The details will be described below.
[0081] The same component parts as in the manufacturing equipment 100 of this embodiment described above are
assigned the same reference numerals as above, and detailed description thereof will be omitted here.
[0082] According to the manufacturing equipment 200 for executing the pultrusion process shown in Fig. 6, the rein-
forcing fiber bundles f1 each comprising a plurality of reinforcing fibers f not as yet impregnated with the resin and wound
on the delivery bobbins 11 (11a and 11b) are delivered by rotating the rotating shafts 12 (12a and 12b) and fed to the
resin impregnating step. The pultrusion process contains no step of twisting the reinforcing fiber bundles f1 which forms
a feature of the present invention.
[0083] The reinforcing fiber bundles f1 delivered from the bobbins 11 are guided through the guide holes 15 (15a and
15b) of the guide 14, and fed to the resin impregnating step, the next step.
[0084] The reinforcing fiber bundles f1 fed to the resin impregnating step are introduced by the entry guide roller 16
to the impregnating roller 18 and the resin is impregnated. The entry guide roller 16 plays a role of arranging the plurality
of fibers composing the reinforcing fiber bundles f1 prior to resin impregnation of the reinforcing fiber bundles f1 composing
the plurality of reinforcing fibers f in order.
[0085] The impregnating roller 18 has a function of forcedly dipping the reinforcing fiber bundles f1 into the resin R,
and is used in a state in which at least the lower half of the roller is immersed in the resin R collected in the resin
impregnating tank 17.
[0086] The exit guide roller 19 installed at the exit of the resin impregnating tank 17 has a role of arranging the resin-
impregnated reinforcing fiber bundles f2 in order before sending to the primary heating-curing step, the next step.
[0087] In contrast, the exit roller pair 19 (19a and 19b) of the aforementioned embodiment of the present invention
has a role of controlling the amount of resin. The exit guide roller 19 in the equipment 100 is largely different in function
from the exit roller pair 19 (19a and 19b) in the present invention.
[0088] The resin-impregnated reinforcing fiber bundles f2 are fed to the heating die 27A and then sent to the heating-
curing furnace 27B.
[0089] More specifically, the heating die 27A has a function of round forming by use of the die and primary curing of
resin. The die 27A has round grooves 27Aa and 27Ab having a prescribed diameter carved in the moving direction of
the reinforcing fiber bundles f2. Upon passing through these round grooves 27Aa and 27Ab, the resin-impregnated
reinforcing fiber bundles f2 are heated by heating wires incorporated in the die, thus accomplishing primary curing of
the resin, thus giving semi-cured round-shaped fiber-reinforced plastic strands 2a and 2b.
[0090] The resin content in the fiber-reinforced plastic strand is controlled by squeezing excessive resin at the entry
of the die 27A. It is therefore a defect of this process that the resin content cannot be changed unless the amount of the
reinforcing fiber bundles f2 fed to into the die grooves 27Aa and 27Ab is changed.
[0091] Since the resin-impregnated reinforcing fiber bundles f2 move through the die 27A, it is not absolutely allowed
that the resin adheres to the die. To avoid adherence of the resin to the die, therefore, the resin contains a large quantity
of release agent.
[0092] When prepared strands 2 are actually applied as a blind-shaped fiber-reinforced sheet, this release agent
hinders adherence of the resin. In a measure to solve the problem, this is coped with by applying surface roughing with
sand paper or the like to the strand surface. This surface roughing is almost equivalent to flawing, causing a decrease
in physical properties such as strength.
[0093] The manufacturing speed also is limited by this die 27A, so that the round shape must be ensured within this
die 27A. It is therefore impossible to accomplish forming into a prescribed shape at a speed higher than a certain level
(varying with the kind of resin used; 0.8 m/minute for epoxy resin). This limitation is non-existent for the manufacturing
method described in the aforementioned embodiment of this invention.
[0094] The secondary heating furnace 27B takes charge of the step of secondary heating-curing. This step fills up the
insufficiency of the primary curing of the round-shaped fiber-reinforced plastic strand 2a semi-cured in the die 27A, and
ensures complete curing of the impregnated resin.
[0095] The strands 2 completely cured in the secondary heating furnace 27B are fed through the guide holes 21 (21a
and 21b) of the guide 20 to the bobbins 30 (30a and 30b) of the winding device, and wound on the bobbins 30.
[0096] A large difference between the manufacturing method of this embodiment and the conventional pultrusion
process is whether or not the delivery, the resin impregnation, the heating-curing, and the winding steps are continuous.
That is, while they are continuous in the conventional pultrusion process, they are not continuous in the manufacturing
method of the above-mentioned embodiment.
[0097] Even in the manufacturing method of the above embodiment, these processes may be continuous if a tension
controller or the like is inserted between the resin impregnating and the heating-curing steps so as to permit tension
control during the period of heating-curing. Therefore, the manufacturing method of the above embodiment cannot be
considered inferior in terms of process continuation.
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(Fiber-reinforced plastic strand)

[0098] The fiber-reinforced plastic strand 2 manufactured by this manufacturing method will now be described with
reference to Fig. 4.
[0099] Fig. 4 illustrates a cross-section of the fiber-reinforced plastic strand 2 manufactured by the manufacturing
method of this embodiment. The fiber-reinforced plastic strand 2 has a circular cross-sectional shape, i.e., round-shaped,
in which a plurality of reinforcing fibers f are impregnated with a matrix resin R.
[0100] The fiber-reinforced plastic strand 2 manufactured by the manufacturing method of this embodiment has twists
within a range from 5 to 40 twists per m. With a number of twists under 5 per m, it is difficult to ensure a stable circular
(round) shape even when a tension is applied during curing of the resin. A number of twists over 40 per m impairs
linearity of the reinforcing fiber f, leading to a serious decrease in physical properties such as strength of the fiber-
reinforced plastic strand 2. A number of twists over 40 per m is not therefore desirable. Particularly, a range from 10 to
20 twists per m is optimum.
[0101] The range of available ratios of the matrix resin R relative to the reinforcing fibers f composing this fiber-
reinforced plastic strand 2 is, in volumetric ratio of the matrix resin, from 30 to 60%. A ratio under 30% leads to shortage
of resin, resulting in a decrease in physical properties such as strength of the fiber-reinforced plastic strand 2 after
manufacture. A ratio over 60% leads, on the other hand, to an excess, making it difficult during resin curing to ensure
a round shape as a result of run of resin. A particularly optimum volumetric range of matrix resin is from 40 to 50%.
[0102] Furthermore, a tensile force (tension), to be applied upon curing the matrix resin of 500 to 3,000 g (4,9 to 29,4
N) per bundle is appropriate. With a tensile force under 500 g (4,9 N) per bundle, it is difficult to ensure a round shape,
whereas a force over 3,000 g (29,4 N) per bundle causes a trouble of breakage of the reinforcing fibers on the way of
manufacture, resulting in a problem of impossibility to maintain stable manufacture. The optimum range of tensile force
is therefore from 1,000 to 2,000 g (9,8 to 19,6 N) per bundle.
[0103] The optimum range for the strand diameter (d) of the fiber-reinforced plastic strand 2 manufactured by the
manufacturing method of the invention is from 0.5 to 3.0 mm. A strand diameter under 0.5 mm causes frequent occurrence
of breaking (rupture) of the reinforcing fibers f during manufacture. A strand diameter over 3.0 mm, on the other hand,
causes breakage (backling) of the fibers f upon winding the resin-impregnated reinforcing fibers f2, resulting in a serious
decrease in physical properties such as strength of the fiber-reinforced plastic strand 2 after curing. The suitable range
of the strand diameter (d) of the fiber-reinforced plastic strand 2 is from 0.8 to 1.5 mm, particularly.
[0104] On the other hand, fibers such as glass fiber, carbon fiber, aramid fiber, FBO fiber and polyester fiber are
applicable in the manufacturing method of this embodiment, and among others, carbon fiber is particularly suitably
applicable. Other fibers are also applicable for special uses in such markets requiring electrical insulation and markets
dealing with products tending to suffer from electric corrosion with metals.
[0105] In the manufacturing method of this embodiment, resins such as epoxy resin, vinylester resin, MMA resin,
unsaturated polyester resin and phenol resin are applicable. Among others, epoxy resin is particularly suitably applicable.
Other resins are also usable for special uses such as the one requiring use at high temperatures or requiring a high
special corrosion resistance.

(Experimental examples)

[0106] The manufacturing method of fiber-reinforced plastic strands 2 of this embodiment will be described further in
detail with reference to some examples of experiment.

Experimental example 1

[0107] In this example, fiber-reinforced plastic strands 2 were manufactured in the following manners as basic products
by use of the equipment shown in Figs. 1 to 3.
[0108] PAN-based carbon fiber strand (carbon fiber bundle f1) ("TR50" (commercial name) made by Mitsubishi Rayon
Co., Ltd.) having an average diameter of 7 mm and a number of fibers in bundle of 15,000 fibers was used as a reinforcing
fiber f, and an epoxy resin ("EPOMIC R140P" (commercial name) made by Mitsui Chemicals Inc.) having a curing
temperature of 120°C was used as a matrix resin R.
[0109] In this experimental example, the number of twists was 10/m, and a resin-impregnated strand (carbon fiber
bundle f2) with uncured resin having an amount of resin impregnation of 55% as represented by a resin volumetric ratio
was manufactured.
[0110] Subsequently, a tensile force of 2,000 g (19,6 N) per bundle was entered into the resin-impregnated strand f2,
and curing was accomplished at a curing temperature of 120°C for the curing furnace 27, and during a curing time of
30 minutes.
[0111] The thus obtained fiber-reinforced plastic strand 2 had a circular cross-section having a diameter (d) of 1.0
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mm. Strand manufactured under the same manufacturing conditions as those for the above-mentioned basic product
except for 3 twists/m, 5 twists/m, 40 twists/m and 45 twists/m were prepared as comparative materials.
[0112] The fiber-reinforced plastic strands were mutually compared as to the cross-sectional shape, and compared
through tensile tests of the products. The result is shown in Table 1.

[0113] As is evident from the above table, with a number of twists of under 5 twists/m, it is difficult to maintain a circular
shape. A number of twists of over 40 may lead to a sudden decrease in product strength, causing another problem.
[0114] Products were manufactured under the same manufacturing conditions as those for the aforementioned basic
product except that the number of twists was fixed to 10 twists/m and the amount of resin impregnation was varied to
45%, 30%, 25%, 60% and 65% in the resin volumetric ratio.
[0115] These fiber-reinforced plastic strands were mutually compared in terms of the sectional shape, and comparison
was performed also for the results of tensile tests carried out for the products. The result is shown in Table 2.

[0116] As is clear from the table above, with an amount of resin impregnation under 30%, the resultant shortage of
resin causes a dry surface, leading to a decrease in strength. With an amount of resin impregnation over 60%, an
increase in the resin content leads to a larger diameter of the strand, causes occurrence of run of resin, and makes it
difficult to ensure a target shape.
[0117] Then, while fixing the number of twists to 10 twists/m, and the amount of resin impregnation at 55%, the tensile
force upon resin curing was varied to 2,000 g (19,6 N) per bundle, 400 g (3,9 N) per bundle, 500 g (4,9 N) per bundle,
3,000 g (29,4 N) per bundle, and 3,500 g (34,3 N) per bundle, and products were manufactured with the same other
manufacturing conditions as those for the above-mentioned basic product of this experimental example.
[0118] These fiber-reinforced plastic strands were mutually compared in terms of the cross-sectional shape, and
comparison was made also through a tensile test of the products. The result is shown in Table 3 (in the table, g/piece
= g per bundle and the conversions above apply).

Table 1

Test material Sectional shape Breaking load (N)

10 twists/m (Basic product) Diameter: 1.1 mm 2490

3 twists/m Elliptic 2498

5 twists/m D: 1.1 mm, Almost circular 2493

40 twists/m D: 1.1 mm, circular 2312

45 twists/m D: 1.1 mm, circular 2253

Table 2

Test material Sectional shape Breaking load (N)

Amount of resin Impregnation: 45% Diameter: 1.1 mm, circular 2490

Amount of resin Impregnation: 30% D: 1.0 mm, circular 2482

Amount of resin Impregnation: 25% D: 0.98 mm; Circular; dry surf. 2232

Amount of resin Impregnation: 60% D: 1.3 mm; almost circular 2385

Amount of resin Impregnation: 65% Much resin run; circular shape not achieved --

Table 3

Test material Sectional shape Breaking load (N)

Tensile force: 2,000 g/piece Diameter: 1.1 mm, circular 2490

Tensile force: 400 g/piece Flat shape 2193

Tensile force: 500 g/piece D: 1.1 mm, Almost circular 2315

Tensile force: 3,000 g/piece D: 1.1 mm, circular 2286

Tensile force: 3,500 g/piece Broken upon manufacture 2032
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[0119] As is understood from the table above, a tensile force under 500 g (4,9 N) per bundle makes it difficult to ensure
a circular shape, and at the same time, leads to a lower strength of the product. A tensile force over 3,000 g (29,4 N)
per bundle causes occurrence of breakage of carbon fibers upon manufacture, makes it difficult to accomplish manu-
facture, and results in a serious decrease in strength of the product.
[0120] On the other hand, as a comparative example, a fiber-reinforced plastic strand was manufactured by the
pultrusion process shown in Fig. 6 from the same PAN-based fiber strands having an average diameter of 7 mm and a
number of fibers in bundle of 15,000 fibers as in the above example, as reinforcing fibers, and by use of epoxy resin
curing at 120°C as a matrix resin.
[0121] In this manufacture, the amount of resin impregnation was 55% in the volumetric ratio of resin, and the resultant
strand had a diameter of 1.0 mm.
[0122] The result of a tensile test carried out on the strands of the comparative example showed almost the same
breaking load of 2,458 N as that of the fiber-reinforced plastic strand as the above-mentioned basic product of this example.
[0123] This proved that the product manufactured by the manufacturing method of this example was by no means
inferior to the product manufactured by the conventional manufacturing method.

Embodiment 2

[0124] Other manufacturing methods and other manufacturing equipments of the fiber-reinforced plastic strand of the
present disclosure will now be described with reference to Figs. 7 and 8.
[0125] The manufacturing equipment of this embodiment has the same configuration as that of the manufacturing
equipment 100 of embodiment 1, having a fiber-feeding/resin-impregnating/ winding section 100A, and a fiber-tension-
ing/heating-curing section 100B.
[0126] In this embodiment, as shown in Figs. 7 and 8, the fiber-feeding/resin-impregnating/winding section 100A is
different from the manufacturing equipment 100 of embodiment 1 only in that the twisting processing of the fibers is
carried out after the completion of resin impregnation. Therefore, the same reference numerals are assigned to the
component parts having the same configuration and functions as in embodiment 1, and a detailed description thereof
is omitted here.
[0127] The fiber-tensioning/heating-curing section 100B of the manufacturing equipment 100 in this embodiment is
similar to that of the manufacturing equipment 100 of embodiment 1. The description for embodiment 1 will therefore
be utilized here, omitting the description in this embodiment.
[0128] Fig. 7 illustrates the fiber-feeding/resin-impregnating/winding section 100A of the manufacturing equipment
100 in this embodiment. In Fig. 7, reinforcing fiber strands (reinforcing fiber bundles) f1 each comprising a plurality of
reinforcing fibers f move from left to right, and during this movement, resin impregnation and twisting are applied.
[0129] That is, referring to Fig. 7, in the fiber-feeding/resin-impregnating/winding section 100A of this embodiment, a
plurality of, two in this embodiment, delivery bobbins (cylindrical reels) 11 (11a and 11b) for feeding device 51, and
reinforcing fiber strands (reinforcing fiber bundles) f1 each containing a prescribed number of reinforcing fibers f not as
yet impregnated with resin are wound on each bobbin.
[0130] The reinforcing fiber bundles f wound around each bobbin 11 are guided through guide holes 15a and 15b and
continuously fed to the resin impregnating step (reinforcing fiber bundle feeding step).
[0131] The reinforcing fiber bundles f1 fed to the resin impregnating step are impregnated with the resin in the resin
impregnating tank 17. The configuration and the details of operation at the resin impregnating step are the same as in
embodiment 1.
[0132] The resin-impregnated reinforcing fiber bundles f2 are wound around the winding bobbins 22 (22a and 22b) in
the winding device 52.
[0133] At this point in time, as is well understood by referring to Fig. 8, the winding bobbins 22 (22a and 22b) are
attached to the rotating shafts 23 (23a and 23b) provided in the winding device 52, these rotating shafts 23 being rotatably
attached to the main rotating shafts 32 (32a and 32b) of the winding device.
[0134] Each bobbin 22 winds thereon the resin-impregnated reinforcing fiber bundles f2 by rotating around the rotating
shafts 23 of the bobbins 22 under the effect of the driving motor M and the gear transmitting mechanism G. Simultaneously,
the bobbins 22 (22a and 22b) are rotated around the main rotating shafts 32 (32a and 32b) together with the rotating
shafts 23 (23a and 23b) while rotating around the rotating shafts 23 (23a and 23b), respectively, as described above.
[0135] That is, the bobbins 22 rotate around the rotating shafts 23, and at the same time, rotate also around the main
rotating shafts 32, thus winding the reinforcing fiber bundles f2.
[0136] Therefore, the reinforcing fiber bundles f2 guided from the resin impregnation tank 17 through the exit roller
pair 19 (19a and 19b) and the guide holes 21 (21a and 21b) formed in the guide 20, and wound onto the bobbins 22
are subjected to twisting processing.
[0137] The number of twists per m can be controlled by adjusting the number of revolutions of the bobbins 22 around
the main rotating shafts 32 and the winding speed of the reinforcing fiber bundles f2.
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[0138] According to the invention, the fiber-reinforced plastic strand has a diameter from 0.5 to 3.0 mm. The reinforcing
fiber bundles f1 fed to the impregnating step would use, when carbon fiber is used as a reinforcing fiber, a carbon fiber
strand (carbon fiber bundle) f1 forced by collecting 3,000 to 48,000 carbon fibers (filaments) each having a diameter of
6 to 10 mm.
[0139] The number of twists of the reinforcing fiber bundle f1 is 5 to 40 twists/m. The bobbins 22 around which the
resin-impregnated reinforcing fiber bundles f2 have been wound are detached and the bundles are fed to the next heating
and curing step.
[0140] In this embodiment, the fiber-twisting/heating-curing section 100B having the same configuration as in embod-
iment 1 is used.
[0141] More specifically, with reference to Fig. 2, the bobbins 22 (22a and 22b) around which the resin-impregnated
reinforcing fiber bundles f2 have been wound in the above-mentioned resin impregnating step are installed on the rotating
shafts 24 (24a and 24b) of the delivery device 53. That is, the winding bobbins 22 have a function as delivery bobbins
in the tensioning/heating-curing step.
[0142] The resin-impregnated uncured reinforcing fiber bundles f2 wound on the delivery bobbins 22 are delivered by
causing rotation of the bobbins 22 around the rotating shafts 24 (24a and 24b). The reinforcing fiber bundles f2 are
passed through the heating-curing furnace 27, and wound around the winding bobbins 30 (30a and 30b).
[0143] In this embodiment as well, as in embodiment 1, the resin-impregnated and twisted reinforcing fiber bundles
f2 are delivered from the bobbins 22, introduced into the heating-curing furnace 27, and heated and cured. The heated
and cured reinforcing fiber bundles, i.e., the reinforcing fiber plastic strands 2 are wound around the winding bobbins
30. At this point in time, a prescribed tensile force is applied to the resin-impregnated reinforcing fiber bundles f2, and
heating and curing are performed in this tensioned state (reinforcing fiber bundle tensioning/heating-curing step).
[0144] Comparison of the manufacturing method of embodiment 1 and the manufacturing method of this embodiment
reveals the following differences between the two manufacturing methods. According to the manufacturing method of
embodiment 1, the manufacturing steps can be integrated into a continuous process by connecting the fiber-feeding/resin-
impregnating/ winding section 100A and the fiber-tensioning/heating-curing section 100B.
[0145] According to the manufacturing method of this embodiment, in contrast, it is difficult to achieve a continuous
manufacturing process.
[0146] On the other hand, in the manufacturing method of embodiment 1, a problem is encountered in that, when a
fiber-reinforced plastic strand having a large diameter over 2.0 mm, is to be impregnated with the resin after twisting the
strand, it is difficult to impregnate the reinforcing fiber bundle f1 up to the interior thereof.
[0147] It is therefore reasonable to determine which of these manufacturing methods to be selected, depending upon
the type of product to be manufactured.

(Experimental examples)

[0148] The manufacturing method of the fiber-reinforced plastic strand 2 of this embodiment will now be described
further concretely with reference to some examples of experiment.

Experimental example 2:

[0149] In this experimental example, fiber-reinforced plastic strands 2 were manufactured by use of the equipments
shown in Figs. 7, 8 and 2.
[0150] As in the case of experimental example 1 described in embodiment 1, the reinforcing fiber f was manufactured
by use of PAN-based carbon fiber strand (carbon fiber bundle f1) ("TR50" (commercial name) made by Mitsubishi Rayon
Co., Ltd.) comprising collection of 15,000 fibers with an average diameter of 7 mm, and by using, as a matrix resin R,
an epoxy resin cured at 120°C ("EPOMIC R140P (commercial name) made by Mitsui Chemicals Inc.).
[0151] Fiber-reinforced plastic strands 2 were manufactured under conditions including a number of twists of 10
twists/m, an amount of resin impregnation of 45% in volumetric ratio of resin, a tensile force of 2,000 g (19,6 N) per
bundle upon resin curing, a resin curing temperature of 120°C in a curing furnace, and a curing time of 30 minutes.
[0152] As a result, the thus manufactured product showed almost the same product sectional shape as that of the
fiber-reinforced plastic strand manufactured by the manufacturing method forming the basis of experimental example 1
of embodiment 1, and a product breaking load almost the same as that of experimental example 1 as shown in Table 4.
[0153] This reveals that there is no difference between the products manufactured in experimental examples 1 and 2
as methods for manufacturing fiber-reinforced plastic strands 2.
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Embodiment 3

[0154] An embodiment of the fiber-reinforced sheet using the fiber-reinforced plastic strand 2 manufactured in the
aforementioned embodiments 1 and 2 will now be described with reference to Fig. 5.
[0155] Fig. 5 illustrates an embodiment of the fiber-reinforced sheet 1 of the present disclosure. The fiber-reinforced
sheet 1 is manufactured by arranging a plurality of continuous fiber-reinforced plastic strands 2 manufactured in the
above-mentioned embodiments 1 and 2 in a blind shape in the longitudinal direction, and fixing the strands 2 by means
of a fixing fiber material 3.
[0156] The fiber-reinforced plastic strands 2 are manufactured by impregnating a plurality of continuous reinforcing
fibers f arranged in a direction with a matrix resin R, cured and formed into a long and slender shape with elasticity. The
fiber-reinforced sheet 1 obtained by arranging the fiber-reinforced plastic strands having such a modulus of elasticity in
a blind shape, i.e., closely spaced apart from each other into a sheet shape are elastic in the longitudinal direction thereof.
As a result, the fiber-reinforced sheet 1 is portable in a state rolled in into a prescribed radius upon transportation. They
are very rich in portability. Since the fiber-reinforced sheet 1 is composed of fiber-reinforced plastic strands 2, there is
no risk of a disturbed orientation of reinforcing fibers, as in conventional non-impregnated reinforcing fiber sheet, during
transportation, or of occurrence of thread breakage caused by a disturbed orientation of reinforcing fibers upon introducing
a tensile force.
[0157] As described above, the small-diameter fiber-reinforced plastic strand 2 used in this embodiment has a diameter
from 0.5 to 3.0 mm, forming a circular sectional shape (Fig. 4).
[0158] In the fiber-reinforced sheet 1 arranged in a direction into a blind shape as described above, the strands 2 are
fixed with the fixing fiber material 3, closely spaced apart by a gap (g) from 0.1 to 1.0 mm from each other. The length
(L) and the width (W) of the fiber-reinforced sheet 1 thus formed are appropriately selected in response to the size and
the shape of the structure to be reinforced. From handling considerations, however, the total width (W) is usually from
100 to 500 mm. Regarding the length (L), a length over 100 m is manufacturable. This is actually used by appropriately
cutting.
[0159] An applicable method for fixing each strand with the fixing fiber material 3 comprises using wefts as the fixing
fiber material for example, as shown in Fig. 5, charging strands in a sheet shape composed of a plurality of strands
arranged in a direction into a blind shape, i.e., a continuous strand sheet at certain intervals (P) perpendicular to the
strands, and knitting them. There is no particular limit on the charging intervals (P) between wefts which are however
selected within a range of intervals usually from 1 to 15 mm, considering manageability of the manufactured fiber-
reinforced sheet 1.
[0160] In this case, the weft 3 should be in a thread shape comprising a bundle of a plurality of glass fibers or organic
fibers having a diameter, for example, of 2 to 50 m m. As an organic fiber, nylon, vinylon or the like is suitably applicable.
[0161] An experimental example of the fiber-reinforced sheet of the present disclosure will now be described.

Experimental example 3:

[0162] A concrete beam was reinforced in accordance with the strained bonding process by use of the fiber-reinforced
sheet of the present disclosure.
[0163] In this experimental example, the fiber-reinforced sheet 1 having the configuration described with reference to
Fig. 5 was used.
[0164] The fiber-reinforced plastic strand 2 prepared in experimental examples 1 and 2 was used as the fiber-reinforced
plastic strand 2 in the fiber-reinforced sheet 1. The strand 2 had a circular section having a diameter of 1.4 mm.
[0165] The thus obtained fiber-reinforced plastic strands were arranged in order in a direction in a blind shape, closely
spaced apart from each other by a gap (g) of 0.1 to 10 mm, and fixed with the fixing fiber material 3.
[0166] The thus prepared fiber-reinforced sheet 1 had a width (W) of 200 mm and a length (L) of 100 m. The gap
between neighboring strands 2 was from 0.3 to 0.4 mm.
[0167] The concrete beam was reinforced as follows by the strained bonding process by use of the above-mentioned
fiber-reinforced sheet 1.
[0168] To begin with in this experimental example, prior to bonding the fiber-reinforced sheet 1 to the concrete beam,
a tensile force of 10,000 kg/mm2 was introduced into the fiber-reinforced sheet 1. No thread breakage occurs upon

Table 4

Test material Sectional shape Breaking load (N)

Example 1 Diameter: 1.0 mm, Circular 2490

Example 2 Diameter: 1.1 mm, Circular 2494
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introducing the tensile force, thus permitting introduction of a sufficient tensile force to a point close to the breaking
strength of carbon fiber.
[0169] In a state in which the fiber-reinforced sheet 1 was kept in tension, a matrix resin was coated onto the fiber-
reinforced sheet 1 from the side facing the concrete beam sheet bonding surface, and then, the fiber-reinforced sheet
1 was bonded to the concrete beam bonding surface. To increase the bonding strength at this point in time, the entire
periphery of the fiber-reinforced sheet was covered with a bug film. Air contained in the bug film was let out by a vacuum
pump, and bonding was accomplished while pressing it against the beam under a vacuum pressure. No void was
produced on the bonding surface of the fiber-reinforced sheet 1, thus making it possible to satisfactorily bond it to the
concrete beam.
[0170] Reinforcement of a concrete structure has been described in experimental example 3 above. The fiber-reinforced
sheet 1 of the present disclosure is similarly applicable for reinforcement of a steel structure with similar effect of appli-
cation.
[0171] The fiber-reinforced sheet 1 of the present disclosure is also suitably applicable to a reinforcing process for
reinforcement simply by bonding to a structure other than the strained bonding process described in the above-mentioned
experimental example.

Claims

1. A manufacturing method for manufacturing a fiber-reinforced plastic strand (2) having a circular-shaped cross-
section and a diameter from 0.5 to 3.0 mm, said method comprising:

(a) a step of continuously feeding reinforcing fiber bundles (f1) each comprising a plurality of reinforcing fibers
arranged in a direction while twisting, the number of twists of said reinforcing fiber bundle (f1) being from 5 to
40 twists/m;
(b) a step of impregnating said continuously fed reinforcing fiber bundles with a matrix resin, the amount of
impregnation of said matrix resin to the amount of said reinforcing fiber in volume ratio being from 30 to 60%; and
(c) a step of heating said resin-impregnated reinforcing fiber bundles (f2) while straining the bundles at an
intensity of from 500 g (4,9 N) per bundle to 3,000 g (29,4 N) per bundle and hardening the resin into a circular-
shaped cross-section of the reinforcing fiber bundles.

2. A manufacturing method for manufacturing a fiber--reinforced plastic strand (2) having a circular-shaped cross--
section and a diameter from 0.5 to 3.0 mm, said method comprising:

(a) a step of continuously feeding reinforcing fiber bundles (f1) each comprising a plurality of reinforcing fibers
arranged in a direction;
(b) a step of impregnating said continuously fed reinforcing fiber bundles (f1) with a matrix resin the amount of
impregnation of said matrix resin to the amount of said reinforcing fiber in volume ratio being from 30 to 60%;
(c) a step of twisting said resin-impregnated reinforcing fiber bundles (f2), the number of twists of said reinforcing
fiber bundle being from 5 to 40 twists/m; and
(d) a step of heating said resin-impregnated and twisted fiber bundles (f2) while straining the bundles at an
intensity of from 500 g (4,9 N) per bundle to 3,000 g (29,4 N) per bundle and hardening the resin into a circular-
shaped cross-section of the reinforcing fiber bundles.

3. The manufacturing method of a circular-shaped fiber-reinforced plastic strand (2) according to claim 1 or 2, wherein
said reinforcing fiber (f1) is any of glass fiber, carbon fiber, aramid fiber, PBO (polyphenylenebenzbisoxazole) fiber,
and polyester fiber.

4. The manufacturing method of a circular-shaped fiber-reinforced plastic strand (2) according to any one of claims 1
to 3, wherein said matrix resin is any of epoxy resin, vinylester resin, MMA resin, unsaturated polyester resin, and
phenol resin.

Patentansprüche

1. Herstellungsverfahren zum Herstellen eines faserverstärkten Kunststoffstrangs (2), welcher einen kreisförmigen
Querschnitt und einen Durchmesser von 0,5 bis 3,0 mm aufweist, wobei das Verfahren umfasst:
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(a) einen Schritt des kontinuierlichen Zuführens von verstärkenden Faserbündeln (f1), welche jeweils eine
Mehrzahl von verstärkenden Fasern umfassen, welche in einer Richtung angeordnet sind, bei gleichzeitigem
Verdrehen derselben, wobei die Anzahl von Drehungen des verstärkenden Faserbündels (f1) zwischen 5 und
40 Drehungen/m liegt;
(b) einen Schritt des Imprägnierens der kontinuierlich zugeführten verstärkenden Faserbündel mit einem Ma-
trixharz, wobei das Volumenverhältnis zwischen dem Anteil des Imprägnierens des Matrixharzes und dem Anteil
von verstärkenden Fasern zwischen 30 und 60 % liegt; und
(c) einen Schritt des Erwärmens der harzimprägnierten verstärkenden Faserbündel (f2) bei gleichzeitigem Be-
lasten der Bündel mit einer Intensität von 500 g (4,9 N) bis 3.000 g (29,4 N) pro Bündel und Härten des Harzes
zu einem kreisförmigen Querschnitt der verstärkenden Faserbündel.

2. Herstellungsverfahren zum Herstellen eines faserverstärkten Kunststoffstrangs (2), welcher einen kreisförmigen
Querschnitt und einen Durchmesser von 0,5 bis 3,0 mm aufweist, wobei das Verfahren umfasst:

(a) einen Schritt des kontinuierlichen Zuführens von verstärkenden Faserbündeln (f1), welche jeweils eine
Mehrzahl von verstärkenden Fasern umfassen, welche in einer Richtung angeordnet sind;
(b) einen Schritt des Imprägnierens der kontinuierlich zugeführten verstärkenden Faserbündel (f1) mit einem
Matrixharz, wobei das Volumenverhältnis zwischen dem Anteil des Imprägnierens des Matrixharzes und dem
Anteil von verstärkenden Fasern zwischen 30 und 60 % liegt;
(c) einen Schritt des Verdrehens der harzimprägnierten verstärkenden Faserbündel (f2), wobei die Anzahl von
Drehungen des verstärkenden Faserbündels zwischen 5 und 40 Drehungen/m liegt; und
(d) einen Schritt des Erwärmens der harzimprägnierten und verdrehten Faserbündel (f2) bei gleichzeitigem
Belasten der Bündel mit einer Intensität von 500 g (4,9 N) bis 3.000 g (29,4 N) pro Bündel und Härten des
Harzes zu einem kreisförmigen Querschnitt der verstärkenden Faserbündel.

3. Herstellungsverfahren eines kreisförmigen, faserverstärkten Kunststoffstrangs (2) nach Anspruch 1 oder 2, wobei
die verstärkende Faser (f1) eine von einer Glasfaser, einer Kohlenstofffaser, einer Aramidfaser, einer PBO (Poly-
phenylenbenzobisoxaxol)-Faser und einer Polyesterfaser ist.

4. Herstellungsverfahren eines kreisförmigen, faserverstärkten Kunststoffstrangs (2) nach einem der Ansprüche 1 bis
3, wobei das Matrixharz eines von einem Epoxydharz, einem Vinylesterharz, einem MMA-Harz, einem ungesättigten
Polyesterharz und einem Phenolharz ist.

Revendications

1. Procédé de fabrication permettant de fabriquer un fil de plastique en fibre renforcée (2) présentant une coupe
transversale circulaire et un diamètre compris entre 0,5 et 3,0 mm, ledit procédé comprenant :

(a) une étape d’alimentation continue de faisceaux de fibres de renfort (f1), chacun comprenant une pluralité
de fibres de renfort disposées dans une certaine direction lors de leur torsion, le nombre de torsions dudit
faisceau de fibres de renfort (f1) étant compris entre 5 et 40 torsions/m ;
(b) une étape d’imprégnation desdits faisceaux de fibres de renfort alimentés en continu par une résine de
matrice, le degré d’imprégnation par ladite résine de matrice au degré de ladite fibre de renfort étant dans le
rapport volumique compris entre 30 et 60 % ; et
(c) une étape de chauffage desdits faisceaux de fibres de renfort renforcés par des fibres (f2), avec contrainte
des faisceaux sous une intensité comprise entre 500 g (4,9 N) par faisceau à 3 000 g (29,4 N) par faisceau, et
de durcissement de la résine en une coupe transversale de forme circulaire des faisceaux de fibres de renfort.

2. Procédé de fabrication permettant de fabriquer un fil de plastique en fibre renforcée (2) présentant une coupe
transversale circulaire et un diamètre compris entre 0,5 et 3,0 mm, ledit procédé comprenant :

(a) une étape d’alimentation continue de faisceaux de fibres de renfort (f1), chacun comprenant une pluralité
de fibres de renfort disposées dans une certaine direction ;
(b) une étape d’imprégnation desdits faisceaux de fibres de renfort alimentés en continu (f1) par une résine de
matrice, le degré d’imprégnation par ladite résine de matrice au degré de ladite fibre de renfort étant dans le
rapport volumique compris entre 30 et 60 % ;
(c) une étape de torsion desdits faisceaux de fibres de renfort renforcés par des fibres (f2), le nombre de torsions
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dudit faisceau de fibres de renfort étant compris entre 5 et 40 torsions/m ; et
(d) une étape de chauffage desdits faisceaux de fibres de renfort renforcés par des fibres (f2), avec contrainte
des faisceaux sous une intensité comprise entre 500 g (4,9 N) par faisceau à 3 000 g (29,4 N) par faisceau, et
de durcissement de la résine en une coupe transversale de forme circulaire des faisceaux de fibres de renfort.

3. Procédé de fabrication permettant de fabriquer un fil de plastique en fibre renforcée (2) selon la revendication 1 ou
2, dans lequel ladite fibre de renfort (f1) est l’une quelconque parmi de la fibre de verre, de la fibre de carbone, de
la fibre d’aramide, de la fibre de PBO (polyphénylènebenzobisoxazole) et de la fibre de polyester.

4. Procédé de fabrication permettant de fabriquer un fil de plastique en fibre renforcée (2) selon l’une quelconque des
revendications 1 à 3, dans lequel ladite résine de matrice est l’une quelconque parmi de la résine d’époxy, de la
résine de vinylester, de la résine de MMA, de la résine de polyester insaturé et de la résine de phénol.
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