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A reinforcing structure for a concrete column Is provided, which Is capable of preventing the concrete column from being
destroyed. A reinforcing structure for a concrete column comprises: a plurality of steel plates 6, overlapping portions of which are
arranged to be slidable with each other by vibration due to an external force; grout material 7 filled into a space portion 3 formed In
between the plurality of steel plates 6 and a concrete column 1; and a reinforcing sheet 5 with adhesive wound around an outer
circumference of the plurality of steel plates 6, wherein: the plurality of steel plates 6 are bound by the reinforcing sheet with
adhesive. Preferably, a restricting portion 12 I1s provided for restricting sliding movement of the overlapping portions, at the

overlapping portions of the plurality of steel plates 6.

C an adg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca

OPIC - CIPO 191

B

.

'

e
ok [ [ f
RO . e s
. M "c'-'-.n:‘-:{\: .«me . m s
.
.

A7 /7]
o~

OPIC




CA 02892302 2015-0b-22

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Burecau

(10) International Publication Number

(43) International Publication Date ..na/ WO 2014/111851 A1l
24 July 2014 (24.07.2014) WIPO I PCT
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
E04G 23/02 (2006.01) kind of national protection available). AE, AG, AL, AM,
, . . AOQO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ. CA. CH. CL. CN. CO. CR. CU, CZ. DE, DK, DM,
PULARZUIGURZ T DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT.,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, KE, KG, KN, KP, KR,
15 January 2014 (15.01.2014) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
. MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(25) Filing Language: English OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(26) Publication Language: English SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
IN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(30) Priority Data: YAYS
2013-006483 17 January 2013 (17.01.2013) JP . S
7013-006486 17 January 27013 (17001'2013) JP (84) Demgnated States (unless otherwise indicated, fO?" every
kind of regional protection available). ARIPO (BW, GH,
(71) Applicant: SANYOHOME CO., LTD. [JP/JP]; 18-1, 5- GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
Chome Chuo, Ushiku-shi, Ibaraki 3001234 (JP). UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(72) Inventor: YAMAKAWA, Hiroshi; ¢/o Sanyohome Co., IM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
Ltd., 18-1, 5-Chome Chuo, Ushiku-shi, Ibaraki 3001234 EE, ES, KL, R, GB, GR, HR, HU, IE, 15, 11, LT, LU, LV,
(JP)? ’ ’ ’ MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
(74) Agents: YAMAMOTO, Shusaku et al.; GRAND FRONT KM, ML, MR, NE, SN, TD, TG).

014/111851 A1 1Y) N 0O 0 0

OSAKA TOWER C, 3-1 Ofuka-cho, Kita-ku, Osaka-shi,
Osaka 530-0011 (JP).

[Fig. 2]

Published:

with international search report (Art. 21(3))

(54) Title: REINFORCING STRUCTURE FOR CONCRETE COLUMN

Y
\f N
5: ;:|
N\ 7S/ A— f;' 7
NS SS9 % § '
R S — DA AN SIS
; ) 12 12 6
0

(57) Abstract: A remforcing structure for a concrete column is provided, which 1s capable of preventing the concrete column from
being destroyed. A reinforcing structure for a concrete column comprises: a plurality of steel plates 6, overlapping portions of which
are arranged to be slidable with each other by vibration due to an external force; grout material 7 filled mto a space portion 3 formed

€N 1n between the plurality of steel plates 6 and a concrete column 1; and a remforcing sheet 5 with adhesive wound around an outer

S

W

circumierence of the plurality of steel plates 6, wherein: the plurality of steel plates 6 are bound by the remforcing sheet with adhes -
ive. Preferably, a restricting portion 12 1s provided for restricting sliding movement of the overlapping portions, at the overlapping
portions of the plurality of steel plates 6.
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Description

Title of Invention: REINFORCING STRUCTURE FOR

CONCRETE COLUMN
Technical Field

The present invention relates to a structure for reinforcing a concrete column of a

Structure.

Background Art

In recent years, concrete structures such as reinforced concrete columns and beams
have recerved significant damage due to the large earthquakes that have occurred over
many places. Investigations point out that the cause of the damage 1s due to the shear
failure of concrete structures. Investigations identify that such damage 1s caused by the
increasing of shear failure due to multiple alternating cyclic deformation during strong
carthquakes. Thus, effective restraining of concrete structures 1s known to be
important, in order to prevent shear failure of concrete structures and secure the
stability and persistence for resilience characteristics against such repeated force.

A variety of types of reinforcement have been conventionally provided for existing
reinforced concrete columns in order to increase the earthquake resistance of the re-
inforced concrete columns.

An example of such a reinforcing method 1s such that a pair of steel plates, a cross-
sectional surtface of which forms a U-shaped, are arranged around a reinforced
concrete column, and end portions of the steel plates are butted to each other. The
butted portions are welded to joint the steel plates with each other, and grout material
is filled into a space portion formed in between the reinforced concrete column and the
steel plates. According to this reinforcing method, the steel plates can be closely
adhered to the reinforced concrete column via the grout material, thereby reinforcing
the reinforced concrete column.

In this reinforcing method, since the end portions of the pair of steel plates are
welded with each other, sparks produced during the welding operations may ignite
flammable materials in the periphery to cause a fire. Moreover, it 1s necessary to place
the end portions of the pair of steel plates accurately with each other, which requires
accuracy in butting of end portions in the butted portions.

Concrete structures for forming a tunnel, which pierces a mountain and through
which rail tracks and roads are laid, and concrete structures for forming stores and
houses, which utilize the space underneath elevated railway tracks, are required to be
reinforced for earthquake resistance, due to long-term deterioration.

When a reinforced concrete column is reinforced using a method for welding a steel
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plate including the above-mentioned reinforcing method, steel plates of 9 mm or more
in thickness are required. Since such steel plates are heavy, heavy machinery will be
essential for the transportation and construction of the steel plates. However, it 1s often
the case that such heavy machinery cannot be brought into tunnels or underneath the
clevated railway tracks. Thus, construction that can be performed with only manpower
is desired.

A reinforcing method for binding a reinforced concrete column without welding steel
plates 1s also proposed. For example, Japanese Laid-Open Publication No. 9-177334
(Patent Literature 1) proposes a technique of overlapping end portions of steel plates
40 enclosing a reinforced concrete column 1, connecting the end portions with bolts
and nuts 41, and filling grout material into a space portion 42 in between the reinforced
concrete column 1 and the steel plates 40, as shown 1n Figure 135.

Japanese Laid-Open Publication No. 10-220030 (Patent Literature 2) proposes a
technique of forming a teeth-shaped engaging portion 44 at both end portions of an
steel plate 43, overlapping and engaging the engaging portions 44 and 44 of the
adjacent steel plates 43 and 43 to fasten the steel plates 43 and 43, and filling grout
material into a space portion 42 1n between the reinforced concrete column 1 and the
steel plates 43, as shown 1n Figure 16.

According to these reinforcing methods for reinforced concrete columns, there 1s no
need to worry about fire hazard due to welding, and accuracy is not required for the
butting of the end portions of the butted portions.

Furthermore, 1n order to reinforce the column 1 in a sufficient manner, it 1s necessary
to secure a space portion of an appropriate size in between the steel plates and the
column 1 and {11l the space portion with a predetermined amount of grout material. If
the amount of the grout material to be filled 1s less than necessary, then the rein-
forcement will not be sutficient. On the other hand, if the amount of the grout material
to be filled 1s more than necessary, then the cost for the construction will increase.

However, with the reinforcing methods described 1n Patent Literatures 1 and 2, the
size of the space portion in between the steel plates and the reinforced concrete column
1 1s determined in accordance with the size of the steel plates and column. Thus, 1t 1s
not possible to adjust the size of the space portion appropriately in accordance with the
size or the like of the column 1. Furthermore, since the subject reinforcing methods
reinforce columns using only the steel plates and grout material, the reinforced, re-
inforced concrete column does not have sufficient toughness against repeated de-
formation during strong shakes. Thus, the shear capacity 1s low.

Thus, Japanese Laid-Open Publication No. 2005-23745 (Patent Literature 3)
proposes a reinforcing method, where four steel plates 435, cross-section of which 1s

formed in an L-shape, are arranged around the corner portions of a reinforced concrete
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column 1 as shown 1n Figure 17. End portions of the adjacent steel plates 45 and 45 are
overlapped with each other, and then a belt-shaped fiber sheet 46 1s wound around the
outer periphery of the steel plates 45 to bind the four steel plates 45. Grout material 1s
filled into a space portion 42 formed 1n between the four steel plates 45 and the re-
inforced concrete column 1.

According to this reinforcing method, the steel plates 45 can be slid in accordance
with the size of the outer shape of the reinforced concrete column 1, which means that
the size of the space portion 42 in between the steel plates 45 and the reinforced
concrete column 1 1s changeable. Furthermore, 1t a shear torce works on the reinforced
concrete column 1, the steel plates 45 will slide with each other so that the force will
be transmitted to the belt-shaped fiber sheet 46. Thus, the toughness of the reinforced
concrete column 1 will be increased and the earthquake resistance will be improved for
the reinforced concrete column 1.

However, 1t the shear torce working on the reinforced concrete column 1 1s too great,
all the shear force may work on the belt-shaped fiber sheet 46 and the belt-shaped fiber
sheet 46 may be cut off. Although the belt-shaped fiber sheet 46 1s normally cut for the
first time when in contact with sharp objects such as a blade, it will be naturally cut off
if the shear force working on the belt-shaped fiber sheet 46 1s too great and rapidly and
exceeds the limit of the tension of the belt-shaped fiber sheet 46. If the belt-shaped
fiber sheet 46 1s cut off, the reinforced concrete column 1 will be completely
destroyed.

The techniques disclosed in these prior art documents are all on the premise that
there 1s a space around the column to be reinforced, and a wall surface 1s not in contact
with the column and not in connection with each other. Accordingly, the above-
mentioned technique cannot be applied for the reinforcing measures of, for example,
concrete columns constituting a tunnel, in a formation where the wall surface 1s in
connection with the column.

A reinforcing method of a reinforced concrete column for a formation where a wall
surface 1s in contact with a column 1s described 1n Japanese Laid-Open Publication No.
2012-7418 (Patent Literature 4).

As shown 1n Figure 18, this reinforcing method is such that a pair of steel plates 52
and 52 are slidably arranged against an outer wall surface of a reinforced concrete
column 1, the pair of the steel plates 52 and 52 are bound by a reinforcing sheet 47,
and grout material 57 1s filled into a space portion formed in between the pair of steel
plates 52 and 52 and the reinforced concrete column 1. Note that the numeral 53 in the
figure denotes a wall.

This reinforcing method, however, 1s rather a method for increasing the strength and

bending strength of the reinforced concrete column 1, and it will not increase the
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toughness of the reinforced concrete column 1. Thus this reinforcing method has a
great defect of making the strength between the entire structure and the column 1m-

balanced and the earthquake resistance will not be improved.

Citation List

Patent Literature

PTL 1: Japanese Laid-Open Publication No. 9-177334
PTL 2: Japanese Laid-Open Publication No. 10-220030
PTL 3: Japanese Laid-Open Publication No. 2005-23745
PTL 4: Japanese Laid-Open Publication No. 2012-7418

Summary of Invention

Technical Problem

The present invention 1s intended to solve the conventional problems described
above. An objective of the present invention is to provide a reinforcing structure for a
concrete column, which reinforcing structure does not require welding of connections
of steel plates and 1s safe and has excellent construction characteristics.

Another objective of the present invention 1s to provide a reinforcing structure for a
concrete column, which reinforcing structure 1s capable of changing the size of an
internal space portion surrounded by steel plates by sliding steel plates in accordance
with the size or the like of the concrete column, so that a set amount of grout material
will be filled into the space portion and the concrete column will be sufficiently re-
inforced.

Still another objective of the present invention is to provide a reinforcing structure
for a concrete column, which reinforcing structure improves the earthquake resistance
of the concrete column even if shear force works on the concrete column.

Still another objective of the present invention 1s to provide a reinforcing structure
for a concrete column, which reinforcing structure 1s capable of preventing a belt-
shaped fiber sheet from being cut off and preventing the concrete column from being
destroyed even if shear force works greatly and rapidly on the concrete column.

Still another objective of the present invention 1s to provide a reinforcing structure
for a concrete column with excellent earthquake resistance, which reinforcing structure
allows for the construction of a concrete column used 1n a tunnel only from the side of
the concrete column closer to the tunnel, even when such a concrete column 1s 1n
connection with a wall surface.

Still another objective of the present invention is to provide a reinforcing structure
for a concrete column, which reinforcing structure allows for the construction only
with manpower even when a concrete column 1s reinforced at a place, such as in a

tunnel or underneath elevated railway tracks, into which heavy machinery cannot be
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brought.
Solution to Problem

In order to solve the problems described above, the present invention i1s characterized
as follows.

The concrete column referred in the present invention includes a reinforced concrete
column, a steel-frame reinforced concrete column, a steel pipe concrete column, and a
steel frame column. In general, although the steel frame column does not contain
concrete therein, the steel frame column 1s also included in the concrete column 1n the
present invention.

A reinforcing structure for a concrete column according to the present invention
comprises: a plurality of steel plates, overlapping portions of which are arranged to be
slidable with each other by vibration due to an external force; grout material filled into
a space portion formed 1n between the plurality of steel plates and a concrete column;
and a reinforcing sheet with adhesive wound around an outer circumference of the
plurality of steel plates, where: the plurality of steel plates are bound by the reinforcing
sheet with adhesive, thereby achieving the objective described above.

Preferably, 1n the reinforcing structure for the concrete column according to the
present invention, the overlapping portions are provided with a restricting portion for
restricting sliding movement of the overlapping portions of the plurality of steel plates.

Still preferably, in the reinforcing structure for the concrete column according to the
present invention, the restricting portion 1s a friction portion for producing slide re-
sistance to the overlapping portions of the plurality of steel plates.

Still preterably, 1n the reinforcing structure for the concrete column according to the
present invention, the friction portion 1s a concavoconvex shape formed on at least one
of opposing surfaces of the overlapping portions of the plurality of steel plates.

Still preferably, in the reinforcing structure for the concrete column according to the
present invention, the restricting portion comprises: an elongated hole formed hori-
zontally long 1n a slide direction in the overlapping portion of one of the steel plates;
and a stopper fixed to the overlapping portion of the other of the steel plates, and being
inserted into the elongated hole.

Still preterably, 1n the reinforcing structure for the concrete column according to the
present invention, the stopper 1s a bolt, and friction between the one of the steel plates
and the other of the steel plates 1s adjusted by screwing a nut into the bolt.

Still preferably, in the reinforcing structure for the concrete column according to the
present invention, the plurality of steel plates are arranged 1n such a manner to
surround the concrete column.

Still preterably, the reinforcing structure for the concrete column according to the
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present invention further comprises: a reinforcing steel plate fixed to a side surface of
the concrete column; where the space portion 1s formed in between the steel plates and
the concrete column with the reinforcing steel plate interposed therebetween.

Still preferably, in the reinforcing structure for the concrete column according to the
present invention the reinforcing steel plate comprises: a fixed plate fixed to one side
surface of the concrete column; and a pair of connecting pieces each protruding from
either of the end portions of the fixed plate towards the outdoor side; and the steel plate
comprises: a first steel plate arranged on one side of the reinforcing steel plate; and a
second steel plate arranged on the other side of the reinforcing steel plate; and the first
and second steel plates each comprise a connecting piece protruding towards an indoor
side; the connecting piece of the first steel plate 1s connected to one of the connecting
pieces of the reinforcing steel plate; the connecting piece of the second steel plate 1s
connected to the other one of the connecting pieces of the reinforcing steel plate; and
the overlapping portion 1s formed 1n each of the first and second steel plates.

Another reinforcing structure for a concrete column according to the present
invention includes: a plurality of steel plates provided around the concrete column such
that the plurality of steel plates surround the concrete column, wherein end portions of
the adjacent steel plates slidably overlap with each other; a reinforcing sheet wound
around the steel plates to bind the steel plates; and grout material filled into a space
portion formed 1n between an outer surface of the concrete column and the steel plates,
where: the reinforcing sheet i1s adhered to an outer surface of the steel plates, and a re-
stricting portion 1s provided for restricting sliding movement of a sliding portion
between the end portions of the steel plates, thereby achieving the objective described
above.

Preferably, 1n the reinforcing structure for the concrete column according to the
present invention, the restricting portion 1s a friction portion for producing slide re-
sistance to the end portions of the steel plates.

Still preferably, in the reinforcing structure for the concrete column according to the
present invention, the friction portion 1s a concavoconvex shape tormed on opposing
surfaces of the end portions of the steel plates.

Still preterably, 1n the reinforcing structure for the concrete column according to the
present invention, the restricting portion includes: an elongated hole extending in a
horizontal direction and formed in one of the end portions, which allows the sliding of
the steel plates; and a stopper fixed to the other of the end portions, which slides with
the one end portion, of the steel plates, and inserted into the elongated hole.

Still preferably, in the reinforcing structure for the concrete column according to the
present invention, the stopper contacts an end surface in a longitudinal direction of the

clongated hole composing the restricting portion, to restrict a slide distance 1n between
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the steel plates.

10043]  Stll preferably, in the reinforcing structure for the concrete column according to the
present invention, the restricting portion includes: an elongated hole provided for one
of the end portions of the steel plates; and mounting hardware provided for the other of
the end portions of the steel plates, the steel plates sliding with each other; and the
mounting hardware includes a bolt inserted into the elongated hole; and a nut screwing
into the bolt, and by the screwing of a screw portion of the bolt and the nut, a pe-
ripheral edge of the elongated hole of one of the steel plates provided on the outside 1s
put between the nut and the other one of the steel plates to be positioned on the inside.

10044]  Stll preferably, in the reinforcing structure for the concrete column according to the
present invention, a transverse section of the concrete column is 1in a quadrilateral
shape, and a transverse section of the steel plate 1s 1n an L-shape.

10045]  Stll preferably, in the reinforcing structure for the concrete column according to the
present invention, the reinforcing structure further includes: a reinforcing steel plate
fixed to a surface on an outdoor side of the concrete column; a steel plate provided on
the outside of the reinforcing steel plate; a reinforcing sheet adhered by adhesive to the
outside of the steel plate; and grout material filled into a space portion formed 1n
between the reinforcing steel plate and the steel plate; where the reinforcing steel plate
includes: a fixation plate fixed to a surface on the outdoor side of the concrete column;
and first connecting pieces folded towards the outdoor side from both end portions of
the fixation plate; where the steel plate includes: a first steel plate provided for one of
end portions of the reinforcing steel plate; and a second steel plate provided for the
other one of the end portions of the reinforcing steel plate; where each of the first and
second steel plates includes: an outer plate; and a second connecting piece folded from
an end portion of the outer plate; where the second connecting piece of the first steel
plate 1s connected to the one of the first connecting pieces of the reinforcing steel plate;
where the second connecting piece of the second steel plate 1s connected to the other
one of the first connecting pieces of the reinforcing steel plate; and where the end
portions of the outer plates of the first and second steel plates slidably overlap with
cach other.

10046] A method for reinforcing a concrete column according to the present invention
includes the steps of: disposing a plurality of steel plates such that end portions of the
adjacent steel plates partially overlap with each other and are slidable with each other;
applying adhesive to a periphery of the steel plates; winding a reinforcing sheet around
the steel plates, to which the adhesive has been applied, to bind the steel plates; and
filing grout material into a space portion formed in between an outer surface of the
concrete column and the steel plates, where a restricting portion for allowing for

sliding movement of the slidable portions while restricting the sliding movement,
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thereby achieving the objective described above.

Another reinforcing structure for a concrete column with a wall according to the
present invention 1s provided, in which the wall 1s provided for a side surface of the
concrete column, the reinforcing structure including: a reinforcing steel plate fixed to a
surface on an outdoor side of the concrete column; a steel plate provided on the outside
of the reinforcing steel plate; a reinforcing sheet adhered by adhesive to the outside of
the steel plate; and grout material filled into a space portion formed 1n between the re-
inforcing steel plate and the steel plate, where the reinforcing steel plate includes: a
fixation plate fixed to a surface on the outdoor side of the concrete column; and first
connecting pieces each folded towards the outdoor side from both end portions of the
steel plate; where the steel plate includes: a first steel plate provided for one of end
portions of the reinforcing steel plate; and a second steel plate provided for the other of
the end portions of the reinforcing steel plate; where each of the first and second steel
plates includes: an outer plate; and a second connecting piece folded from an end
portion of the outer plate; where the second connecting piece of the first steel plate 1s
connected to one of the first connecting pieces of the reinforcing steel plate; where the
second connecting piece of the second steel plate 1s connected to the other of the first
connecting pieces of the reinforcing steel plate; and where the end portions of the outer
plates of the first and second steel plates slidably overlap with each other, thereby
achieving the objective described above.

Preferably, 1n the reinforcing structure for the concrete column with the wall
according to the present invention, the reinforcing steel plate 1s formed 1n a U-shaped
transverse section.

Still preferably, 1n the reinforcing structure for the concrete column with the wall
according to the present invention, the first and second steel plates are formed in an L-
shaped transverse section.

Still preferably, in the reinforcing structure for the concrete column with the wall
according to the present invention, the first connecting piece of the reinforcing steel
plate and the second connecting pieces of the first and second steel plates are
connected with each other by a tie bar and a nut.

Still preferably, in the reinforcing structure for the concrete column with the wall
according to the present invention: each of the second connecting pieces of the first
and second steel plates 1s provided on the outside of a pair of the first connecting
pieces of the reinforcing steel plate; and a metallic washer plate 1s provided on the
outside of each of the second connecting pieces, the reinforcing sheet 1s interposed
between the second connecting piece and the metallic washer plate, a tie bar 1s put
between the pair of the metallic washer plates, and a nut 1s screwed 1nto a screw

portion formed at a tip portion of the tie bar, so that the first connecting piece of the re-
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inforcing steel plate 1s connected with the second connecting piece of the steel plate,
and the reinforcing sheet 1s held in between the second connecting piece of the steel
plate and the metallic washer plate.

[0052]  Stll preferably, in the reinforcing structure for the concrete column with the wall
according to the present invention, the reinforcing structure further includes a re-
stricting portion provided thereto, for restricting slide movement of a sliding portion of
the end portion of the steel plate.

[0053]  Stll preferably, in the reinforcing structure for the concrete column with the wall
according to the present invention, the restricting portion 1s a friction portion for
producing slide friction to the end portion of the steel plate.

10054]  Stll preferably, 1n the reinforcing structure for the concrete column with the wall
according to the present invention, the friction portion 1s a concavoconvex shape
formed on opposing surfaces of the slidable end portions.

[0055]  Stll preferably, in the reinforcing structure for the concrete column with the wall
according to the present invention, the restricting portion includes: an elongated hole
extending in a horizontal direction and formed in one of the end portions, which slides;
and a stopper fixed to the other of the end portions, which slides with the one end
portion, and slidably inserted into the elongated hole.

[0056]  Still preferably, in the reinforcing structure for the concrete column with the wall
according to the present invention, the reinforcing steel plate 1s fixed to the concrete
column by an anchor bolt.

[0057]  Stll preferably, in the reinforcing structure for the concrete column with the wall
according to the present invention, the reinforcing steel plate 1s fixed to the concrete
column by adhesive.

[0058]  Still preferably, in the reinforcing structure for the concrete column with the wall
according to the present invention, the reinforcing sheet 1s adhered to a surface on an
indoor side of the concrete column.

[0059]  Stll preferably, in the reinforcing structure for the concrete column with the wall
according to the present invention, a slit 1s formed in a wall adjacent to the concrete
column, and the reinforcing sheet 1s adhered around the concrete column through the
slit.

[0060]  Still preferably, in the reinforcing structure for the concrete column with the wall
according to the present invention, the steel plate 1s provided for a surface on an indoor
side of the concrete column, a slit 1s formed 1n a wall adjacent to the concrete column,
the reinforcing sheet 1s adhered around the concrete column through the slit, and the
reinforcing sheet tighten the steel plate towards the concrete column.

[0061]  Another method for reinforcing a concrete column with a wall according to the

present invention 1s provided, in which the wall 1s provided for a side surface of the



CA 02892302 2015-0b-22

WO 2014/111851 PCT/IB2014/058277

10062]

10063 ]

10064]

10

concrete column, the method including the steps of: fixing a reinforcing steel plate on a
surface, on an outdoor side, of the concrete column; disposing an steel plate on an
outside of the reinforcing steel plate; adhering a reinforcing sheet on an outside of the
steel plate by adhesive; and filling grout material into a space portion formed 1n
between the reinforcing steel plate and the steel plate; where the reinforcing steel plate
includes: a fixation plate fixed to a surface on the outdoor side of the concrete column;
and first connecting pieces each folded towards the outdoor side from both end
portions of the fixation plate; where the steel plate includes: a first steel plate provided
for one of end portions of the reinforcing steel plate; and a second steel plate provided
for the other of the end portions of the reinforcing steel plate; where each of the first
and second steel plates includes: an outer plate; and a second connecting piece folded
from an end portion of the outer plate; where the second connecting piece of the first
steel plate 1s connected to one of the first connecting pieces of the reinforcing steel
plate; where the second connecting piece of the second steel plate 1s connected to the
other of the first connecting pieces of the reinforcing steel plate; and where the end
portions of the outer plates of the first and second steel plates slidably overlap with

each other, thereby achieving the objective described above.
Advantageous Effects of Invention

According to the present invention, a plurality of steel plates are bound by a re-
inforcing sheet with adhesive. As a result, welding operations are not required unlike
prior art, and thus fire will not break out due to sparks produced during welding op-
erations. Furthermore, while end portions of adjacent steel plates are overlapped with
cach other and the end portions are normally fastened with each other, the end portions
are configured to slide from each other when the shear force acts too greatly and
rapidly on the steel plates. As a result, the end portions of the steel plates are not
required to be butted with each other, and the construction accuracy will be stabilized.
Furthermore, the size of the space portion in between the steel plates and the concrete
column 1s changeable. Thus, even if there 1s an error 1n the outer shape of a concrete
column, a space for filling grout material can be accurately secured.

When shear force acts on the concrete column, the overlapping portion of the
adjacent steel plates will slide with each other and transmit the force to the reinforcing
sheet. However, the sheet 1s with adhesive and thus the sheet strongly bonds and binds
all the steel plates entirely. As a result, the obtained reinforcing structure enhances the
toughness of the concrete column. Thus, the earthquake resistance of the reinforced
concrete column will be greatly improved.

A restricting portion for restricting this sliding movement 1s provided for a portion at

which the overlapping portion of the steel plates slide with each other. Thus, even if
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shear force acts greatly and rapidly on the concrete column, part of the force will be re-
stricted, or the sliding distance of the overlapping portion of the steel plates will be re-
stricted, by the restricting portion of the steel plates. As a result, not all the shear force
will work on the reinforcing sheet.

That 1s the restricting portion together with the reinforcing sheet with adhesive,
firmly binds and bonds the steel plates. Therefore, shear torce due to the external force
from earthquake or the like will not be directly transmitted to the sheet, which greatly
prevents the reinforcing sheet from being fractured. As a result, the grout material,
steel plates and reinforcing sheet reinforce the concrete column, so that the toughness
and bending strength will be improved for an old reinforced concrete column, which 1s
supposed to be weakened, and the earthquake resistance of such a reinforced concrete
column will be improved tremendously.

In particular, a friction portion for producing resistance for the sliding of the end
portions of the steel plates can be formed as a restricting portion. The friction portion
allows the bonding between the end portions of the pair of steel plates to be maintained
when shear force acts on the concrete column, while the friction portion permits sliding
to occur when further shear force i1s applied. Moreover, friction resistance will occur to
the sliding movement and force working on the reinforcing sheet will be suppressed.
Throughout such series of transmission of the force, the tension of the reinforcing sheet
works effectively and the earthquake resistance of the concrete column 1s improved.

Furthermore, when the restricting portion includes: an elongated hole extending in a
horizontal direction and formed 1n an overlapping portion of an steel plate; and a
stopper fixed at an overlapping portion of another adjacent steel plate, slidably inserted
into the elongated hole, the movement of the stopper will be restricted within the
clongated hole, which prevents the overlapping portions of the steel plates from being
slid without limitation. As a result, the reinforcing sheet will not expand more than its
allowable expansion limit. Accordingly, the cutting of the reinforcing sheet can be
prevented, which prevents a building from collapsing due to large earthquakes.

Furthermore, according to another embodiment of the present invention, a re-
inforcing steel plate 1s provided which 1s fixed to a side surface of a concrete column;
and grout material 1s positioned at a space portion formed in between a plurality of
steel plates and the side surface of the concrete column, with the reinforcing steel plate
interposed therebetween, so that the concrete column will be reinforced. Moreover, the
steel plates are bound and bonded by the reinforcing sheet, with adhesive interposed
therebetween, from the outer surface of the steel plates. By this structure, the toughness
and bending strength will be improved, which balances the strength between the entire
structure and the column earthquake resistance 1s improved.

Since the reinforcing structure according to the subject embodiment can be formed
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from one side surface of a concrete column, it 1s particularly effective when the
concrete column exists 1n a tunnel or when there 1s a store or a house on the indoor side
of the concrete column. For example, the construction can be made from the outdoor
side of the concrete column without closing the store or house. Thus, the construction
will not influence the store or the like located on the indoor side of the column. When a
column 1n a tunnel 1s reinforced, the construction can be made from the side of the
column facing the tunnel. Furthermore, the concrete column can be reinforced using
relatively light steel plates. Thus, the reinforcing structure can be constructed only with
manpower for concrete columns located 1n a tunnel or underneath elevated railway

tracks, into which heavy machinery cannot be brought.
In the reinforcing structure of the concrete column according to the present invention

that 1s reinforced as described above, a part or all of the walls, provided on the side
surfaces of the concrete column of the structure, can be removed. For example, a part
or all of the walls between adjacent columns can be removed to create a large interior

space within the structure. This will increase the degree of freedom 1n designing.

Brief Description of Drawings

[f1g.1]Figure 1 1s a perspective view of a reinforcing structure of a reinforced concrete
column according to Embodiment 1 of the present invention.

[f1g.2]|Figure 2 1s a cross sectional view of a substantial part of a reinforcing structure
of a reinforced concrete column shown in Figure 1.

|[f1g.3]Figure 3 1s an enlarged cross sectional view of a substantial part of a reinforcing
structure of a reinforced concrete column shown 1n Figure 2.

[fig.4]|Figure 4 1s an enlarged view of a friction portion formed in a steel plate shown
in Figure 3.

[f1g.5]Figure 5 1s an elevation view of a reinforcing structure of a reinforced concrete
column according to Embodiment 2 of the present invention.

[f1g.6]Figure 6 1s an enlarged cross sectional view of a substantial part of a reinforcing
structure of a reinforced concrete column shown 1n Figure 5.

|[f1g.7]Figure 7 1s an elevation view of a reinforcing structure of a reinforced concrete
column according to Embodiment 3 of the present invention.

|[f1g.8]Figure 8 1s an enlarged cross sectional view of a substantial part of a reinforcing
structure of a reinforced concrete column shown 1n Figure 7.

[11g.9]Figure 9 1s a perspective view of a reinforcing structure of a reinforced concrete
column according to Embodiment 4 of the present invention.

[f1g.10]Figure 10 1s a cross sectional view of a reinforcing structure of a reinforced
concrete column shown in Figure 9.

[fig.11]Figure 11 1s a cross sectional view of a reintorced structure of a reinforced
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concrete column according to Embodiment 5 of the present invention.

[f1g.12]Figure 12 is a cross sectional view of a reinforced structure of a reinforced
concrete column according to Embodiment 6 of the present invention.

[f1g.13]Figure 13 is a cross sectional view of a reinforced structure of a reinforced
concrete column according to Embodiment 7 of the present invention.

[f1g.14|Figure 14 is a cross sectional view of a reinforced structure of a reinforced
concrete column according to Embodiment 8 of the present invention.

[f1g.15]Figure 15 1s a cross sectional view of a reinforcing structure of a conventional
reinforced concrete column.

[f1g.16]Figure 16 1s a cross sectional view of a reinforcing structure of another con-
ventional reinforced concrete column.

[f1g.17]Figure 17 1s a cross sectional view of a reinforcing structure of still another
conventional reinforced concrete column.

[f1g.18]|Figure 18 1s a cross sectional view of a reinforcing structure of a conventional

reinforced concrete column with a wall.
Description of Embodiments

Hereinatter, Embodiments of the present invention will be described 1n detail with
reference to accompanying figures.

In the following Embodiments, reinforced concrete columns will be described. Re-
gardless of whether concrete columns comprise rebars, iron frames or a combination
thereof within the columns, the present invention can be applied, without limitation to
reinforced concrete columns, to steel-frame reinforced concrete columns, steel pipe
concrete columns, and steel frame columns 1n a similar manner.

(Embodiment 1)

Figures 1 to 4 show Embodiment 1.

As shown 1n Figures 1 and 2, four steel plates 6, of an L-shaped transverse section,
are arranged around a reinforced concrete column 1, of which transverse section 1s
formed 1n a quadrilateral shape, in such a manner that the steel plates 6 surround the
reinforced concrete column 1. Each of the steel plates 6 1s arranged in such a manner to
surround each edge of the reinforced concrete column 1. An end portion (overlapping
portion) of a steel plate 6 1s slidably arranged overlapping another end portion
(overlapping portion) of another adjacent steel plate 6. A typical size of the reinforced
concrete column 1 1s 600 mm x 600 mm or 800 mm x 800 mm.

The steel plates 6 are formed by folding a steel plate of 1.6 mm to 3.2 mm in
thickness, for example, 1into a transverse section of an L-shape. The length of a plate-
shaped portion on one side of the steel plates 6 formed into an L-shape and the length

of a plate-shaped portion on the other side thereof may be the same. Alternatively, the
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lengths may be ditferent from each other.

A restriction portion 1s preferably provided for the overlapping portion of a plurality
of steel plates 6, for restricting the sliding at the overlapping portion. For example, as
shown 1n Figures 2 to 4, such a restricting portion may be a friction portion 12 for
providing slide resistance for the overlapping portion of the plurality of steel plates 6.
The width of the friction portion 12 (i.e., area of the friction portion) may be defined as
needed.

The friction portion 12 may be in a concavoconvex shape provided on each opposing
plate of the overlapping portions of the steel plates 6. This concavity and convexity
may include convex shapes and/or concave grooves 13. For example, the friction
portion 12 may be formed by providing concave grooves 13 1n a lattice pattern, or by
providing convex shapes 1n a lattice pattern, on each opposing plane of the overlapping
portions of the steel plates 6, as shown in Figure 4. Instead of the convex shapes and/or
concave grooves, the friction portion 12 may also be formed by providing a large
number of protruding portions on each opposing plane of the overlapping portions of
the steel plates 6.

The friction portion 12 1s configured to allow for relative sliding movement of the
overlapping portion of a pair of steel plates 6 while producing resistance for the sliding
movement when great shear force (shear force equal to or greater than a shear force
that begins to cause relative sliding of the overlapping portion of a pair of steel plates)
works on the reinforced concrete column 1. The slide resistance force (friction)
provided by the friction portion 12 1s defined in accordance with expected shear force
that the reinforced concrete column 1 receives.

A reinforcing sheet S 1s adhered with adhesive to the outer surface of the steel plates
6 to bind the steel plates 6.

In a case when shear force works greatly and rapidly on the concrete column due to
large earthquakes, even the structure 1tself according to the present invention will not
be integrated as a whole if adhesive 1s not used to the structure, let alone to the con-
ventional structures using fiber sheets. As a result, the structure may not necessarily
have the satisfactory reinforced strength as a whole.

The reinforcing sheet 5 may be adhered using adhesive to the outer surface of the
steel plates 6 in the following manner.

Adhesive 1s applied to the outer surface of the steel plates 6 and the reinforcing sheet
S 1s adhered to the outer surface of the steel plates 6 using adhesive. As for the re-
inforcing sheet 3, a plurality of the reinforcing sheets having a predetermined width
and also having a predetermined length, which extends in a horizontal direction, may
be used and they may be adhered on top of one another for a plurality of stages on the

outer surface of the steel plates 6. For example, a plurality of sheets, which are slightly
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longer than an outer circumference of the plurality of steel plates 6 shown 1n Figure 1,
may be used and the plurality of sheets may be adhered on top of one another for a
plurality of layers on the outer surface of the steel plates 6. Alternatively, a continuous
reinforcing sheet S5 of the length of wrapping a plurality of the steel plates 6 for several
times may be used and the reinforcing sheet 5 may be wound from the top to the
bottom of the reinforced concrete column 1. As such, typically, a planar sheet 1s
formed by the reinforcing sheet 5, covering the entire surface of the steel plates 6. The
reinforcing sheet 5 may be adhered, not to the entire surface of the steel plates 6, but to
a part of the surrounding area of the steel plates 6.

The reinforcing sheet S may be prepared from a belt-shaped fiber sheet consisting of
a large number of fibers extending in one direction Alternatively, the reinforcing sheet
> may be formed from a belt-shaped fiber sheet in which synthetic resin with excellent
clasticity and strength 1s impregnated.

The fiber to be used may be carbon fiber, glass fiber, aramid fiber, polyethylene fiber
and the like. The synthetic resin to be used may be polyurea, epoxy resin,
polyurethane, polyester and the like. Polyurea is preferable since it 1s excellent in
toughness. Polyester, for example, 1s preferable in terms of biodegradable disposable
resin. These types of synthetic resin may be applied to or sprayed on the reinforcing
sheet and/or the outer surface of the steel plates 6 using brush, roller, spray or the like.
Normally, synthetic resin will be cured after the reinforcing sheet 5 1s adhered.

As to the adhesive described above, publicly known adhesive may be used such as
epoxy adhesive, methacryl adhesive, and acrylic adhesive.

As such, the reinforcing sheet 5 with adhesive 1s wound around the plurality of steel
plates 6, and the plurality of steel plates 6 are bound thereby. A space portion 3 1s
formed in between the outer surface of the reinforced concrete column 1 and the steel
plates 6, as shown in Figure 1. An overlapping portion of a steel plate 6 1s slidably
joined with another overlapping portion of an adjacent steel plate 6, so that a sub-
stantially constant space 1s created in between the steel plates 6 and the reinforced
concrete column 1. Grout material 7 1s filled into the space portion 3. The steel plates 6
will be integrated with the reinforced concrete column 1 by the grout material 7 filled
into the space portion 3.

Next, a method for reinforcing a reinforced concrete column will be described.

As shown 1n Figures 1 and 2, four steel plates 6 are disposed around a reinforced
concrete column 1 in such a manner to surround the reinforced concrete column 1. In
this regard, the steel plates 6 are arranged around the reinforced concrete column 1 so
that the space portion 3 will be formed in between the outer surface of the reinforced
concrete column 1 and the steel plates 6. The overlapping portions of the adjacent steel

plates 6 overlap with each other. The overlapping portion of the steel plate 6 1s slid to
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the adjacent overlapping portion of the other steel plate 6 so that the space of the space
portion 3 will be substantially constant in between the steel plates 6 and the reinforced
concrete column 1.

Next, adhesive 1s applied to the outer surface of each of the steel plates 6, and a
single, or double or more, reinforcing sheet 5 of a predetermined length is adhered to
the outer surface of the four steel plates 6 to form a planar sheet for covering all the
surfaces of the steel plates 6.

The grout material 7 1s filled into the space portion 3, which has been formed in
between the reinforced concrete column 1 and the steel plates 6, and the grout material
7 1s solidified. Thus, the steel plates 6 are fixed to the reinforced concrete column 1.

In order to inject the grout material 7 into the space portion 3, an inlet may be created
at a part of the steel plates 6 and the reinforcing sheet 5, and the grout material 7 may
be 1nject into the space portion 3 through the inlet using a hose or the like.

In such a method for reinforcing the reinforced concrete column 1, the steel plates 6
are imntegrated with the reinforced concrete column 1 by the grout material 7 filled in
between the reinforced concrete column 1 and the steel plates 6, thereby improving the
strength of the reintforced concrete column 1. Furthermore, since the steel plates 6 slide
with each other, force 1s transmitted to the reinforcing sheet 5. In addition, the sheet 3
with adhesive bonds and binds the steel plates 6. Accordingly, this increases toughness
compared to a reinforcing structure where steel plates are bound without adhering a re-
inforcing sheet.

When a pair of steel plates 6 slide with each other, the friction portions 12 provided
for the steel plates 6 produce resistance to the sliding movement, thereby improving
shear capacity of the reinforced concrete column 1. By increasing or reducing the
number of winding of the reinforcing sheet 5 wound around the steel plates 6, the re-
inforced strength of the reinforced concrete column 1 can be adjusted.

In this embodiment, a case has been described where a restricting portion 1s provided
for the overlapping portions of a plurality of steel plates 6, for restricting the slide at
the overlapping portions. However, the present invention also includes a case where
the restricting portion 1s not provided for the overlapping portions.

(Embodiment 2)

Figures 5 and 6 show Embodiment 2.

According to Embodiment 2, the restricting portion for restricting a slide comprises:
an elongated hole 16 extending in a horizontal direction and formed in an overlapping
portion of one steel plate 6; and a stopper 23 fixed to an overlapping portion of another
adjacent steel plate 6, as shown in Figures 5 and 6. The stopper 23 protrudes from a
surface of the steel plate 6 and 1s inserted into the elongated hole 16. The remaining

configurations other than the restricting portion are the same as those according to Em-
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bodiment 1.

The stopper 23 1s fixed to the overlapping portion of the steel plate 6 disposed on the
inside by welding, screwing or the like. The outer diameter of the stopper 23 1s defined
to be smaller than the size of the minor axis of the elongated hole 16, and the stopper
23 1s movable 1n the horizontal direction within the elongated hole 16. The slidable
distance of the stopper 23 1s defined to be within the limit at which the reinforcing
sheet 5 1s cut off by tension.

When the adjacent steel plates 6 relatively slide for a predetermined distance or
more, the stopper 23 hits the end surfaces of the elongated hole 16. Thus, the sliding
movement of the steel plate 6 will be restricted.

According to Embodiment 2, the slidable distance by the steel plate 6 1s restricted
within the travel distance of the stopper 23, which i1s particularly effective when un-
expected strength of shear force works on the reinforced concrete column 1.
Specifically, the relative sliding movement within the predetermined distance by the
corresponding pair of steel plates 6 (external steel plate 6 and internal steel plate 6) 1s
allowed, but no sliding movement is allowed beyond the defined distance. Thus, even
if unexpected strength of shear force 1s applied to the reinforced concrete column 1, the
movement of the steel plates 6 1s regulated before the reinforcing sheet 5 1s fractured,
thereby preventing a situation where the reinforcing sheet 5 1s fractured and the re-
inforced concrete column 1 1s destroyed, from happening.

Since the outer steel plate 6 only includes the elongated hole 16 for allowing the
stopper 23 to be inserted through, formed therein, the steel plate 6 can also be
prevented from reducing its strength.

On the contrary to the above-described configuration, an elongated hole extending in
the horizontal direction may be provided for the overlapping portion of the steel plate 6
disposed on the inside, and a stopper to be inserted into the elongated hole may be
provided for the overlapping portion of the steel plate 6 that 1s disposed on the outside.

(Embodiment 3)

Figures 7 and 8 show Embodiment 3.

According to Embodiment 3, the concepts of a friction portion and restriction of
movement within an elongated hole are combined with each other. The remaining con-
figurations other than the restricting portion are the same as those according to Em-
bodiment 1.

Instead of the stopper shown 1n Figures 5 and 6, a bolt 19 1s fixed to the overlapping
portion of the steel plate 6 disposed on the inside, as shown 1n Figures 7 and 8.

A screw portion of the bolt 19 1s put through an elongated hole 16, and a nut 20 1s
screwed into the screw portion at the tip of the bolt 19, which passes through the
clongated hole 16. By turning the nut 20, the steel plate 6 positioned on the outside 1s
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pressed against the steel plate 6 placed on the inside. By changing the fastening force
by the nut 20, friction 1s adjusted which 1s caused on a contacting surtface 39 between
the internal steel plate 6 and the external steel plate 6.

The mounting hardware 18 1s composed of: a bolt 19 fixed to an internal steel plate
6; and a nut 20 screwed 1nto a screw portion of the bolt 19. In order to smoothen the
rotation of the nut 20, a washer or sleeve may be provided in between the nut 20 and
the steel plate 6.

As such, the nut 20 1s screwed into the screw portion of the bolt 19, protruding
towards the outside of the externally arranged steel plate 6, so that the slide resistance
force in between the two steel plates 6 can be adjusted from the outside of the steel
plates 6. Since the movement of the bolt 19 1s restricted within the elongated hole 16,
the bolt 19 also functions as a stopper.

(Embodiment 4)

Figures 9 and 10 show a reinforcing structure of a reinforced concrete column with a
wall attached thereto according to Embodiment 4.

In Embodiment 4, walls 53 and 53 are respectively formed from opposing side
surfaces of a reinforced concrete column 1, of which transverse section 1s formed 1n a
quadrilateral shape. A store or the like 1s built within a space portion next to the walls
53 on the side where the reinforced concrete column 1 exists. A typical size of the re-
inforced concrete column 1 1s 600 mm x 600 mm or 800 mm x 800 mm.

In this case, a reinforcing steel plate 10 1s fixed to a surface, on the outdoor side ot
the reinforced concrete column 1.

An example of the thickness of the reinforcing steel plate 10 ranges from 1.6 mm to
3.2 mm.

The reinforcing steel plate 10 comprises: a fixation plate 11 fixed to a surface on the
outdoor side of the reinforced concrete column 1; and a pair of connecting pieces 28
and 28 protruded from both end portions of the fixation plate 11 towards the outdoor
side. The reinforcing steel plate 10 1s preferably formed into a U-shaped transverse
section by folding a steel plate.

The width of the fixation plate 11 1s substantially equal to the width L of the re-
inforced concrete column 1, or the width 1s defined to be slightly longer than the width
L of the reinforced concrete column 1.

A plurality of steel plates for forming a space portion 1n between the reinforced
concrete column 1 and themselves have a first steel plate 21 arranged on one side of
the reinforcing steel plate 10, and a second steel plate 22 arranged on the other side of
the reinforcing steel plate 10.

An example of the thickness of the first and second steel plates 21 and 22 ranges

from 1.6 mm to 3.2 mm. Each of the steel plates 21 and 22 comprises an outer plate 24
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and a connecting piece 25, which 1s protruded from the end portion of the outer plate
24 towards the indoor side. The first and second steel plates 21 and 22 are preferably
formed into an L-shaped transverse section by folding the steel plate.

As shown 1n Figure 10, the fixation plate 11 of the reinforcing steel plate 10 1s fixed,
by an anchor bolt 55 or the like, to the surface ot the reinforced concrete column 1 on
the side closer to the outdoor. A plurality of anchor bolts 55 may be used. The length
of the anchor bolt 55 may suitably be defined as close to the thickness of a wall 33.

Fluid, curable resin or cement mortar may be filled into and solidified in the hole
through which the anchor bolt 55 i1s inserted, to bury the anchor bolt 55 1n, and to be
integrated with, the wall surface.

A connecting piece 25 of the first steel plate 21 1s arranged on the outside of one of
connecting pieces 28 of the reinforcing steel plate 10, and a connecting piece 25 of a
second steel plate 22 1s arranged on the outside of the other of the connecting pieces 28
of the reinforcing steel plate 10. In this state, the end portion (overlapping portion) of
the outer plate 24 of the first steel plate 21 slidably overlaps with the end portion
(overlapping portion) of the outer plate 24 of the second steel plate 22.

When the first and second steel plates 21 and 22 are connected to the outside of the
reinforcing steel plate 10, a space portion 26 with a cross section of a quadrilateral
shape 1s formed in between the outer surface of the reinforcing steel plate 10 and a pair
of the first and second steel plates 21 and 22. Specifically, the space portion 26 1s
formed 1n between the steel plates 21 and 22 and the reinforced concrete column 1
with the reinforcing steel plate 10 interposed therebetween. The reinforcing sheet S 1s
adhered by adhesive on the outside of the first and second steel plates 21 and 22. The
grout material 7 1s filled into the space portion 26. With the grout material 7 filled into
the space portion 26, the first and second steel plates 21 and 22 are integrated with the
reinforced concrete column 1 with the reinforcing steel plate 10 interposed
therebetween.

In a case where a column 1s reinforced 1n a tunnel, 1t should be noted that one side
surface of the reinforced concrete column 1 refers to a surface of the column on the
internal side of the tunnel.

The adhesion of the reinforcing sheet 5 by adhesive to the outer surface of the first
and second steel plates 21 and 22 may be performed in the following manner.

Adhesive 1s applied to the outer surface of the first and second steel plates 21 and 22,
and the reinforcing sheet 5 1s adhered to the outside of the steel plates 21 and 22 using
adhesive. It 1s favorable to adhere the reinforcing sheet 5 by extending it from the outer
surface of the steel plates 21 and 22 to the wall surface as shown 1n Figures 9 and 10.

For the reinforcing sheet 5, a sheet having a predetermined width and having a prede-

termined length in the horizontal direction may be used. In that case, a plurality of re-
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inforcing sheets 5 extending in the horizontal direction may be provided and adhered
one on top of the other on the outer surface of the first and second steel plates 21 and
22, as shown in Figure 9. As such, a planar sheet 1s formed by the reinforcing sheet 35,
covering the entire surface of the plurality of steel plates. The reinforcing sheet 5 may
be adhered, not to the entire surtace of the steel plates, but to a part of the surrounding
area of the steel plates.

For the reinforcing sheet 5, the belt-shaped fiber sheet described in Embodiment 1
may be used. As to the adhesive described above, publicly known adhesive may be
used, such as epoxy adhesive, methacryl adhesive, and acrylic adhesive, described 1n
Embodiment 1.

Vertically elongated washer plates 14 and 14 are arranged on the outside of re-
spective connecting pieces 25 and 25 of the first and second steel plates 21 and 22, in
such a manner to cover the reinforcing sheet 5. The first and second steel plates 21 and
22 are connected with a reinforcing steel plate 10 by a tie bar 15 passing through the
washer plates 14 and 14 and a nut 56. Specifically, the tie bar 15 1s put through a
through-hole formed 1n the washer plates 14, through a through-hole formed in the
connecting pieces 235 and 25 of the first and second steel plates 21 and 22, and through
a through-hole formed in the connecting piece 28 of the reinforcing steel plate 10. The
nut 56 1s screwed 1nto the screw portion of the tie bar 15. As a result, the connecting
piece 28 of the reinforcing steel plate 10 1s connected with the connecting pieces 25 of
the first and second steel plates 21 and 22. As for the length of the connecting piece 28
of the reinforcing steel plate 10 in the outdoor direction, any length may be set so long
as the first and second steel plates 21 and 22 are connected to the reinforcing steel plate
10.

The reinforcing sheet 5 1s held 1in between the metallic washer plate 14 and the
connecting piece 25 of the first and second steel plates 21 and 22.

A fixture may be formed for fixing the first and second steel plates 21 and 22 to the
reinforcing steel plate 10, with the washer plates 14, tie bar 15, and nut 56 that may be
screwed 1nto the screw portions formed on both end portions of the tie bar 13.

Next, a method for reinforcing a reinforced concrete column with a wall will be
described.

As shown 1n Figures 9 and 10, the reinforcing steel plate 10 1s fixed, by an anchor
bolt 55 or the like, to one side surface, for example on the outdoor side, of the re-
inforced concrete column 1. Since the reinforcing steel plate 10 1s too heavy for
manpower to carry, and 1n consideration of the construction characteristics, it 1s
possible to use reinforcing steel plates that are divided into a plurality of pieces. A pair
of connecting pieces 28 and 28 of the reinforcing steel plate 10 are to protrude towards

the outdoor side.
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|0131]  Next, the first and second steel plates 21 and 22 are arranged to the reinforcing steel
plate 10 on the side closer to the outdoor, and each of the connecting pieces 235 of the
first and second steel plates 21 and 22 are disposed on the outside of each of the
connecting pieces 28 of the reinforcing steel plate 10. A space portion 26 1s formed in
between the reinforcing steel plate 10 and the first and second steel plates 21 and 22.
The end portions of respective outer plates 24 and 24 of the first and second steel
plates 21 and 22 overlap with each other.

[0132]  Next, adhesive 1s applied to the outer surface of the first and second steel plates 21
and 22, and a single, or double or more, reinforcing sheet 5 1s adhered to the outer
surface of the first and second steel plates 21 and 22. When a reinforcing sheet 5 of a
predetermined width 1s used, a plurality of reinforcing sheets 5 extending in the
traverse direction are adhered on top of one another on the outer surface of the first and
second steel plates 21 and 22, as shown 1n Figure 9.

|0133]  Thereafter, the metallic washer plates 14 extending in the longitudinal direction are
provided on the outside of the connecting pieces 25 of the first and second steel plates
21 and 22 in such a manner to hold both end portions of the reinforcing sheet 5 from
the outside. Next, the tie bar 15 1s put through the metallic washer plates 14 provided
on the left and right, and the nuts 56 are screwed into the screw portions formed at the
tip portions of the tie bar 135.

|0134]  Through the operations, the first and second steel plates 21 and 22 are fixed to the re-
inforced concrete column 1 through the reinforcing steel plate 10, and the reinforcing
sheet 5 strongly tighten the outer surface of the first and second steel plates 21 and 22.
When the reinforcing sheet 5 1s adhered to the wall surtace, adhesive 1s applied in
advance to the wall surface.

[0135]  Next, grout material 7 1s filled into a space portion 26, formed 1n between the re-
inforcing steel plate 10 and the first and second steel plates 21 and 22, and the grout
material 7 1s solidified to integrate the reinforcing steel plate 10 and the first and
second steel plates 21 and 22.

|0136] By the method for reinforcing a reinforced concrete column with a wall as described
above, the grout material 7 1s filled into the space portion 26 in between the concrete
column surface and the first and second steel plates 21 and 22 with the reinforcing
steel plate 10 interposed therebetween, so that the first and second steel plates 21 and
22 and the reinforcing steel plate 10 are integrated with the reinforced concrete column
1, which improves the strength and the toughness of the reinforced concrete column 1.
When shear force works on the reinforced concrete column 1, the first and second steel
plates 21 and 22 will mutually slide so that the force will be transmitted to the re-
inforcing sheet 5. Accordingly, the toughness will be increased, and as a result, the

shear capacity of reinforced concrete column 1 will be improved. The reinforced
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strength of the reinforced concrete column 1 can be adjusted by increasing or de-
creasing the number of windings of the reinforcing sheet 5 wound around the steel
plates 21 and 22.

A restricting portion for restricting the sliding movement of the overlapping portion
of the first and second steel plates 21 and 22 may be formed at the overlapping portion
of the first and second steel plates 21 and 22, as discussed 1in above Embodiment 1.

For example, as shown in Figures 3 and 4, a friction portion 12 may be formed, as a
restricting portion, on each of opposing surface of the overlapping portions of outer
plates 24 of the first and second steel plates 21 and 22.

Furthermore, as shown in Figures 5 and 6, the restricting portion may comprise: an
clongated hole 16 extending in a horizontal direction and formed 1n an outer plate 24
of one of the steel plates (e.g., second steel plate 22); and a stopper 23 fixed to an outer
plate 24 of the other steel plate 21 (e.g., first steel plate 21), the stopper 23 being
inserted into the elongated hole 16.

Contrary to the above configuration, the restricting portion may be composed of: an
clongated hole extending horizontally in a sliding direction towards an outer plate 24
of an internally arranged first steel plate 21; and a stopper fixed to an outer plate 24 of
an externally arranged second steel plate 22 and being inserted into the elongated hole.

Furthermore, as shown 1n Figures 7 and 8, instead of the above stopper, a bolt and a
nut may be used. In that case, a bolt 19 1s fixed to an outer plate 24 of a first steel plate
21 or an outer plate 24 of a second steel plate 22; and an elongated hole 16, through
which a screw portion of the bolt 19 passes, 1s formed 1n the second steel plate 22 or
the first steel plate 21. A nut 20 1s screwed into the screw portion of the bolt 19 which
passes through the elongated hole 16.

(Embodiment 5)

Figure 11 shows Embodiment 3.

In Embodiment 5, a slit 62 for allowing communication with the inside and outside 1s
made 1n a wall 53 adjacent to a reinforced concrete column 1, and a reinforcing sheet 5
1s wound around the reinforced concrete column 1 and the steel plates 21 and 22
through the slit 62, followed by adhering using adhesive. According to this con-
figuration, construction can be made 1n such a manner to wind a continuous reinforcing
sheet 5 around the reinforced concrete column 1 and first and second steel plates 21
and 22, thereby increasing the toughness of the reinforced concrete column 1 by the re-
inforcing sheet 5 and also improving the construction characteristics.

By using a reinforcing sheet S that 1s long enough to wrap the reinforced concrete
column 1 and the steel plates 21 and 22 several times, it 1s also possible to wind the re-
inforcing sheet 5 from the top to the bottom of the reintforced concrete column 1. The

reinforcing sheet 5 winds round and round the reinforced concrete column 1 and the
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steel plates 21 and 22, thereby further improving the toughness of the reinforced
concrete column 1.

In order to wind the reinforcing sheet 5 around the reinforced concrete column 1 and
the first and second steel plates 21 and 22, adhesive 1s applied on the outer surface of
the reinforced concrete column 1 and/or the outer surface of the first and second steel
plates 21 and 22. Thereafter, the reinforcing sheet S 1s adhered to the outer surface of
the first and second steel plates 21 and 22 and the reinforced concrete column 1 using
adhesive. Thereafter, as discussed in Embodiment 4, the reinforcing sheet S 1s fixed to
the first and second steel plates 21 and 22 by the metallic washer plate 14, tie bar 15,
and nut 56.

(Embodiment 6)

Figure 12 shows Embodiment 6.

In Embodiment 6, the configuration of Embodiment 5 shown in Figure 11 1s used on
the surface on the outdoor side of the reinforced concrete column 1. A pair of steel
plates 54 and 54 of an L-shaped transverse section may be disposed on a surface of the
indoor side of a reinforced concrete column 1. A reinforcing sheet 5 1s wound on the
outside of the steel plates 54 and 54 as in above Embodiment 3.

Each of the steel plates 54 1s arranged in such a manner to surround the corner
portions of the indoor side of the reinforced concrete column 1. The end portion of one
of the steel plates 54 on the indoor side overlaps with the end portion of the other
adjacent one of the steel plates 54 on the indoor side. The restricting portion discussed
in Embodiments 1 to 3 (Figures 1 to 8), for restricting the sliding movement of the
overlapping portions of the steel plates, may be provided for the overlapping portion of
the steel plates 54.

In Embodiment 6, the surface on the outdoor side of the reinforced concrete column
1 with a wall attached thereto can be reinforced by a reinforcing steel plate 10, steel
plates 21 and 22, grout material 7, and reinforcing sheet 3. In addition, the surface on
the indoor side of the reinforced concrete column 1 with a wall attached thereto can be
reinforced by steel plates 54 and a reinforcing sheet 3.

(Embodiment 7)

Figure 13 shows Embodiment 7.

In Embodiment 7, the configuration of Embodiment 5 shown in Figure 11 1s used on
the surface on the outdoor side of the reintorced concrete column 1. A reinforcing
structure having a configuration similar to those shown in Figures 11 and 12 may be
provided for the surface on the indoor side of the reinforced concrete column 1 with a
wall attached thereto.

Specifically, a reinforcing steel plate 10a 1s fixed by an anchor bolt 55a to the surface

on the indoor side of the reinforced concrete column 1 with a wall attached thereto, and
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first and second steel plates 21a and 22a are fixed to the reinforcing steel plate 10a by a
metallic washer plate, a tie bar, a nut and the like. The reinforcing sheet 5 with
adhesive 1s wound and tightened around the outer circumference of the column 1, first
and second steel plates 21, 21a, 22 and 22a; and grout material 7 1s filled into space
portions 26 and 26 formed in between the reinforcing steel plates 10 and 10a and the
first and second steel plates 21, 21a, 22 and 22a.

According to the present configuration, the reinforcing effects of Embodiments 5 and
6 shown 1n Figures 11 and 12 can be achieved on both the outdoor side and indoor side
of the reinforced concrete column 1.

(Embodiment 8)

Figure 14 shows Embodiment &.

In Embodiment 8, the configuration of Embodiment 5 shown 1n Figure 11 1s applied
to the surface on the outdoor side of the reinforced concrete column 1; and a pair of
steel plates 54 and 54 of an L-shaped transverse section are arranged on the surface on
the indoor side of the reinforced concrete column 1. The steel plates 54 are arranged in
such a manner to surround the corner portions on the indoor side of the reinforced
concrete column 1. The end portion on the indoor side of one of the steel plates 54
overlaps the end portion on the indoor side of the other adjacent one of the steel plates
54,

A reinforcing steel plate 10 is fixed to the surface on the outdoor side of the re-
inforced concrete column 1; first and second steel plates 21 and 22 are connected to the
outside of the reinforcing steel plate 10; and a space portion 26 is formed in between
the reinforcing steel plate 10 and the first and second steel plates 21 and 22.

Connecting pieces 25 and 25 of the first and second steel plates 21 and 22 are
extended towards the indoor side, and the connecting pieces 235 of the first and second
steel plates 21 and 22 slidably overlap with the end portion of the steel plate 54
extending towards the outdoor side.

A reinforcing sheet 5 1s wound on the outer circumiference of the steel plates 54 and
the first and second steel plates 21 and 22, which are adhered by adhesive.

A space portion 26a 1s formed in between the steel plate 54 and the reinforced
concrete column 1, and grout material 1s filled into the space portion 26a.

The above-mentioned restricting portion may be provided for the overlapping end
portions of the adjacent steel plates 54 and 54. The connecting structure between the
reinforcing steel plate 10 and the first and second steel plates 21 and 22 1s the same as
that in Embodiment 3.

According to Embodiment 8, the reinforcing effect of Embodiment 5 can be achieved
on the outdoor side of the reinforced concrete column 1, and the reinforcing effect of

Embodiment 1 an be achieved on the indoor side of the reinforced concrete column 1.
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(Other Embodiments)

It should be noted that the restricting portion provided for the overlapping portions of
the steel plates 21, 22 and 54 are not limited to those in the embodiments described
above. For example, the restriction portion may be configured such that the friction 1s
increased gradually or incrementally as the amount of the sliding movement of the
overlapping portions of the steel plates increases by changing the degree of the
concavity and convexity (depth of the concavity and convexity, area of the portions
where the concavity and convexity are provided, and the like) provided for the steel
plates. Furthermore, the thickness of the overlapping portions of the steel plates may
be configured to be increased gradually or incrementally so that the sliding movement
of the steel plates will be restricted as the overlapping portions of the steel plates
slidably moves.

While the cross-sectional shape of the reinforced concrete column 1 1s a quadrilateral
in each of the above-mentioned embodiments, the present invention 1s applicable even
if the reinforced concrete column 1 1s 1n ditferent polygonal column shapes (e.g.,
pentagonal column, hexagonal column, and the like) other than quadrilateral, or 1s 1n a
round column. In such a case, the folding angle of the steel plates will be in a shape
formed along the outer shape of the reinforced concrete column 1. For example, the
cross-sectional shape of the steel plates for a round column will be 1n a circular arc
shape, a semicircular shape, or a sectoral shape formed along the outer shape of the
round column.

The number of the steel plates 1s not limited to four; however, the number 1s de-
termined as appropriate in consideration of the weight during the delivery. When
applied to a reinforced concrete column of a quadrilateral pillar, two steel plates having
a U-shaped transverse section, for example, may be used. A plurality of steel plates
may be connected vertically and attached around the column.

A plurality of reinforcing steel bars may be provided in the longitudinal direction
within the space portion. In this case, for example, the reinforcing steel bars may be
provided for each corner portion of the space portion.

In Embodiments 4 to 8, a connecting piece 28 of the reinforcing steel plate 10 and a
connecting piece 25 of the steel plates 21 and 22 may be connected with each other by
fixtures such as a bolt and a nut.

A connecting piece 25 of a first steel plate 21 may be provided inside a connecting
piece 28 on one side of a reinforcing steel plate 10, and a connecting piece 25 of a
second steel plate 22 may be provided 1nside a connecting piece 28 on the other side of
the reinforcing steel plate 10. In this regard, the overlapping portion of the outer plate
24 of the first steel plate 21 slidably overlaps with the overlapping portion of the outer
plate 24 of the second steel plate 22.
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In Embodiments 4 to 8 shown 1n Figures 9 to 14, the reinforcing steel plate 10 1s
fixed by the anchor bolt 35 to a side surface of the column 1; however, the reinforcing
steel plate 10 may be fixed to a side surface of the column 1 using adhesive. In that

case, 1t will not be necessary to destroy the reinforced concrete column 1 at all.
While Embodiments 4 to 8 described above are such embodiments where walls are

formed on both sides of a column; however, the present invention according to any of
Embodiments 4 to 8 1s applicable even to such a case of a structure in which a wall 1s

formed on one side of a column, or a case of structure in which a wall continues 1n an
orthogonal manner from adjacent side surfaces of a column.

Furthermore, the present invention according to any of Embodiments 4 to 8 1s ap-
plicable to the reinforcing of columns 1n a tunnel, as discussed above. Specifically,
when columns 1n a tunnel are reintforced, the back sides of the columns are in the soil
and unreachable for humans. Even 1n such a case, the construction can be made only
from the tunnel side of the columns. Furthermore, the present invention is applicable to
the case of reinforcing columns built in subway railroads. Specitically, the present
invention according to any of Embodiments 4 to 8 1s applicable even if columns are
built in between the walls of subway railroads and it 1s impossible for humans to go
around the back surface side of the columns and perform construction.

In each of Embodiments 4 to 8 described above, before or after the step of filling
grout material into a space portion formed in between the reinforcing steel plate and

the steel plates, it 1s possible to remove at least a part of the wall.

Industrial Applicability

The present invention provides a reinforcing structure for reinforcing existing
columns of a building, such as a reinforced concrete column, a steel-frame reinforced
concrete column, a steel pipe concrete column, and a steel frame column, 1n order to

increase the earthquake resistance of the structure.

Reference Signs List

| reinforced concrete column
3 space portion

S reinforcing sheet

6 steel plate

7 grout material

10 reinforcing steel plate

11 fixation plate

12 friction portion

13 concave groove

14 metallic washer plate
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15 tie bar
16 elongated hole

18 mounting hardware

19 bolt
20 nut

21 first steel plate

22 second steel plate

23 stopper

24 outer plate

25 connecting pieces of first and second steel plates
26 space portion

28 connecting piece of reinforced steel plates
53 wall
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CLAIMS

1. A reinforcing structure for a concrete column, the
reinforcing structure comprising:

a plurality of steel plates, overlapping portions of which
are arranged to be slidable relative to one another i1n a lateral
direction by vibration due to an external force;

grout material filled into a space portion formed 1in
between the plurality of steel plates and the concrete column;

and

a reinforcing sheet with adheslive wound around an outer
circumference of the plurality of steel plates,

wherein:

the plurality of steel plates are bound by the reinforcing

sheet with adhesive.

2. The reinforcing structure for the concrete column according
to claim 1, wherein the overlapping portions are provided with a
restricting portion for restricting sliding movement of the

overlapping portions of the plurality of steel plates.

3. The reinforcing structure for the concrete column according
to claim 2, wherein the restricting portion 1s a friction
portion for producing slide resistance to the overlappilng

portions of the plurality of steel plates.

4. The reinforcing structure for the concrete column according
to c¢laim 3, wherein the friction portion 1s a concavoconvex
shape formed on at least one of opposing surfaces of the

overlapping portions of the plurality of steel plates.

5. The reinforcing structure for the concrete column according
to c¢laim 2, wherein the restricting portion comprises: an
elongated hole formed horizontally long in a slide direction 1n

the overlapping portions of one of the steel plates; and a

28
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stopper fixed to the overlapping portions of the other of the

steel plates, and being inserted into the elongated hole.

6. The reinforcing structure for the concrete column according
to claim 5, wherein the stopper is a bolt, and friction between
the one of the steel plates and the other of the steel plates 1is

adjusted by screwling a nut 1nto the bolt.

7. The reinforcing structure for the concrete column according
to claim 1, wherein the plurality of steel plates are arranged

to surround the concrete column.

8. The reinforcing structure for the concrete column according
to claim 1, further comprising:
a reinforcing steel plate fixed to a side surface of the

concrete column;

wherein the space portion is formed in between the steel
plates and the concrete column with the reinforcing steel plate

interposed therebetween.

9. The reinforcing structure for the concrete column according
to claim 8, wherein:

the reinforcing steel plate comprises: a fixed plate fixed
to one side surface of the concrete column; and a palr of
connecting pieces each protruding from either of end portions of

the fixed plate towards an outdoor side;
the plurality of steel plates comprises: a first steel
plate arranged on one side of the reinforcing steel plate; and a

second steel plate arranged on the other side of the reinforcing

steel plate;

the first and second steel plates each comprises a
connecting piece protruding towards an indoor side;
the connecting piece of the first steel plate 1s connected

to one of the connecting pieces of the reinforcing steel plate;

29
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the connecting piece of the second steel plate 1s connected

to the other one of the connecting pieces of the reinforcing

steel plate; and

the overlapping portion is formed 1in each of the first and

second steel plates.

30
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