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DESCRI PTI ON

I nvention Title: BOLT- ASSEMBLED STRUT- TI E BASI C REI NFORCEMENT

Technical Field

[ 0001] The present disclosure relates to a bolt-
assenbled strut-tie foundation reinforcenment, in which a
strut and a strut, a strut and a tie, a tie and a stud, and
a tie and a stud are fitted together by fastening of

fastening bolts and fastening nuts.

Background Art

[ 0002] As buildings becone taller, load applied to the
ground by tall buildings increases, and the size of
foundation structures for safely transferring the load to the
ground also increases. The thickness of the foundation
corresponding to the load of the building structure is
determned by the magnitude of shear force and bending
nmonent. In the case of mat foundations which are often used
in high-rise buildings, the thickness of the foundation is
determned by the magnitude of the shear force. In other
words, as the height of the building structure increases,

the thickness and scale of the mat foundation in which upper

and | ower reinforcement bars 10 and 20 are distributed al so

increase to support the buildings, and the thickness of the
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mat foundation gradually increases from1.0 to 2.0 neters to
2 neters, 3 neters, and nore than 5 neters. Wen the
t hi ckness and scale of the mat foundation increases in this
manner, a punching shear phenonenon occurs due to a
conpressive force acting in a diagonal direction from the
outer circunference of the columm as shown in FIG 1 (a) due
to a load applied by a colum erected on the upper surface
of the foundation structure, and a tensile force that causes
a crack acts on the lower surface of the foundation
structure, i.e., a portion where the |ower reinforcenent
bars 20 are distributed. Therefore, as shown in FIG 1 (c),
reinforcement is required for the portion of the foundation
structure where the conpressive force is applied and the
portion where the tensile force is applied.

[ 0003] In order to solve the above-described situations,
the applicant of this application has applied for and
received registered patent No. 10- 0624075 “ FOUNDATI ON
REI NFORCEMENT” and registered pat ent No. 10- 2429445
“FOUNDATI ON REI NFORCEMENT FOR CRANE CONSTRUCTI ON AND METHOD
CF DI SPCSING SAME’'. As shown in FIG 2 of the previously
regi stered patent No. 10-2429445, a shear reinforcenent
including a plurality of reinforcement plates with a space
in the center, steel rods corresponding to ties provided
along the longitudinal direction of the reinforcenent

pl ates, and settlenent flanges at opposite ends is proposed.
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This reinforcement may effectively transfer the conpressive
| oad from the colum to the ground therethrough to inprove
the two-way shear resistance, and the ties, which are |ong
steel rods distributed in the horizontal direction and
subjected to the tensile force, may enable the shear
reinforcement to efficiently resist the tensile force
received by the shear reinforcenent, thereby reducing the
t hi ckness of the existing foundation.

[ 0004] However, in the reinforcement plate of the
related art, the w ng-shaped steel plates are provided in
the outer direction of the colum and the connecting steel
plates C connecting the steel plates with each other around
the colum are integrated by welding, and the ties, which
are steel rods provided at the bottom of the reinforcenent,
are fixed to the fixing flanges by wel ding. Such a structure
requires one or nore connecting plates C to be superinposed
on each other on each side of the colum according to
changes in the size of the colum, thereby resulting in a
very inconvenient process of cutting or adding and then
wel ding the connecting plates. In addition, the foundation
reinforcement of each of the previous inventions has
problens, such as increases in cost due to addition of
connecting steel plates C, and thus is not efficiently

appl i ed according to changes in colum size.
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[ 0005] Furthernmore, in the previous inventions, the
steel bars corresponding to the ties are welded to the
settlenent flanges which are coupled to the ends of the
shear stiffener corresponding to the struts. This results in
stress losses in the nenbers and even causes the steel bars
to disengage from the shear reinforcenent. Stud bolts are
welded to the surface of the reinforcenent, which is a
conpression plate, to prevent slipping, but this al so causes
the strut, which are conpression plates, to distort due to
t he i nbal ance of the wel ding heat during wel di ng.

[ 0006] Therefore, a sinplified prefabricated strut tie
foundati on rei nf or cenent was required, whi ch may
economcally speed up construction by responding to changes
in the size of the colums disposed on the strut tie
foundation reinforcement while naintaining the reinforcenent
principle of the strut tie foundation reinforcenent of the
related art, and mnimze the deformation or distortion of
the structural nenbers and sinplify the fabrication nethod
whil e increasing economc efficiency by reduci ng nenbers and

enabl i ng unit nodul ari zati on.

D scl osure
Techni cal Probl em
[ 0007] Accordi ngly, the disclosure has been nade keeping

in mnd the above problens occurring in the prior art, and
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an objective of the present disclosure is to renove the
connecting steel plates connecting the struts which are unit
nodul ar steel plates and separately disposed in the outer
direction of the foundation of the colum surface and
integrate the struts by connecting the struts with angles,
angl ed connectors each inplenmented as a band-shaped steel
plate, or band-shaped steel plate connectors, and then
fastening the resultant structure with fastening bolts and
fasteners. The disclosure may allow for easy and sinple
fitting together of struts, which are conpression nenbers, by
adjusting the struts in accordance with changes in the size
of the colum 1in the field, thereby reducing nenbers,
sinplifying construction wthout a separate fabrication
process or wel ding  process, and increasing economc
efficiency in mass production.

[ 0008] Anot her objective of the disclosure is to enable
anchors which are coupled to the struts and the ties fixed
to the opposite ends of the |ower portions of the struts to
be coupled to the struts with fastening bolts and nuts
wi t hout wel ding, thereby speeding up coupling of the ties
and the struts.

[ 0009] Anot her objective of the disclosure is to enable
opposite ends of a pair of ties to be fastened to struts
with bolts and nuts using prefabricated anchors, thereby

providing structural performance w thout welding |oss and
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preventing stress interference between the struts and the
ties.

[ 0010] Anot her objective of the disclosure is to
elimnate residual stress or residual deformation of studs,
whi ch are conpression plates, caused by welding the studs to
the struts as in the related art, because the studs fixed on
opposite sides of the struts are inplenented as doubl e- headed

bolts that do not require wel ding.

Techni cal Sol ution

[ 0011] In order to acconplish the above objective, the
present disclosure provides a bolt-assenbled strut-tie
foundation reinforcenent for a foundation which transfers
load froma colum to the ground, the bolt-assenbled strut-
tie foundation reinforcenment including: wunit struts each
i ncluding a hexagonal steel plate configured such that upper
outer two corner surfaces are horizontal and vertical and
| ower outer two corner surfaces symmetrical and opposite to
the wupper outer two corner surfaces are horizontal and
vertical, the hexagonal steel plate having an inclined upper
sloping surface provided between ends of the upper outer
horizontal corner surfaces and ends of the I|ower outer
vertical corner surfaces and an inclined |ower sloping
surface provi ded between the ends of the upper outer vertica

corner surface and the | ower outer horizontal corner surface,
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and inclined stiffener plates fixed to the upper and | ower
slopes at right angles; ties each including a pair of stee

bars symmetrically spaced apart from each other such that

the struts are opposite to each other, the steel bars being
tightly fixed to opposite side surfaces of the |ower

portions of the pair of struts; and a connector configured
to connect the struts which are spaced apart from each
other, the connector connecting the struts wth angled
connecting bars or band-shaped steel plate connectors and
bei ng assenbled with fastening bolts and fastening nuts.

[ 0012] The struts may include struts may be | ocated to be
symmetrically spaced apart from each other at a distance and
other struts symetrically spaced apart from each other at a
di stance to be perpendicular to the struts, and the struts
and the other struts are connected and fitted together by the
connector to form an overall appearance having a shape of a
cross synbol “+7.

[ 0013] The struts may include two struts spaced apart at
a distance from and arranged parallel to each other, two
other struts located symetrically to the two struts, two
further struts located perpendicularly to the struts and
spaced apart at a distance fromand arranged parallel to each
other, and two further other struts located symetrically to

the two further struts, and the struts are fitted and
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connected to each other by the connector to form an overal
appear ance havi ng a shape of a sharp synbol “#”.

[ 0014] The struts may include three struts spaced apart
at distances from and arranged parallel to each other, three
other struts located symmetrically to the three struts, three
further struts located perpendicularly to the three struts
and spaced apart at distances from and parallel to each
other, and three further other struts |ocated symetrically
to the three further struts, and the struts are fitted and
connected to each other by a connector to form a shape of
Chinese letter “H” in overall appearance.

[ 0015] The ties may be hooked ties each having a straight
central portion and hook-shaped hook portions provided at
opposite ends, wherein the hook portions anchored to form
hooked tie anchors, and ends of the hook portions of the
hooked ties may be fixed to the inclined stiffener plates by
wel ding (W.

[ 0016] At |east one stud having a bolt-head shaped end
may be provided on opposite surfaces of the strut. The stud
may include a doubl e-headed bolt placed on one surface of
the strut, the doubl e-headed bolt including a bolt head at
one end, a bolt head located on a surface of the steel
plate, and a nmale thread extending from the bolt head and
configured to extend through a hole in the strut, a double-

headed bolt placed on the opposite surface, the double-
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headed bolt including a bolt head at one end, a bolt head

|ocated in the surface of the steel plate, a nale thread
provided inside the bolt head, and a female thread engagi ng

wth the male thread, wherein the doubl e-headed bolts are

closely fitted to the opposite surfaces of the strut to be

fastened and fixed thereto.

[ 0017] The stud may include a full threaded bolt fitted
into a hole in the strut to have equal protrusion |engths on
opposite surfaces of the strut, two nuts closely fitted and
fixed to the opposite surfaces of the strut, and two other
nuts fixed on ends of the full threaded bolt at distances
fromthe strut.

[ 0018] The stud may include a doubl e-headed bolt placed
on one surface of the strut, the double-headed bolt

including a bolt head at one end, a bolt head | ocated on the
surface of the steel plate, and a bolt portion extending from
the bolt head and configured to extend through a hole in the
strut, and nuts placed such that one of the nuts is fastened
to the bolt portion and closely fitted to the strut and the
other one of the nuts is fastened and fixed to one end of the
bolt. The stud may include stud bolts each having a bolt head
and welded to opposite surfaces of the stud which face each
ot her.

[ 0019] Qpposite ends of the straight portion connected to

the hook portion of the hooked tie may be welded (W to
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close-fitting pieces having two or nore holes, and the cl ose-
fitting pieces coupled to the hooked tie may be closely
fitted to opposite ends of the steel plate and fixed with the
fastening bolts and the fastening nuts.

[ 0020] The hooked tie closely fitted to opposite side
surfaces of the lower portion of the steel plate may be
fitted between U shaped bolts penetrating the steel plate and
fastening plates, and may be tightly fixed to the steel plate
by fastening the bolt portions of the U shaped bolts and the
fastening nuts

[ 0021] The straight portion of the hooked tie may be slid
into openings of one or nore retaining clips having a shape
of an omega synbol “Q” for nounting, the retaining clips
being fixed to opposite side surfaces of the |ower portion of
the steel plate by welding. The hooked tie may be closely
fitted to opposite side surfaces of the |lower portion of the
steel plate (110) and fixed by welding (W.

[ 0022] Each of the ties may include linear ties each of
which is straight and has bolt portions at opposite ends,
wherein the bolt portions of the linear ties extend through
holes in end portions of anchoring nmenbers having a shape of
Korean Letter “d9” of a linear tie anchor, are fastened with
fastening nuts, and are anchored to the steel plates by

fastening of fastening bolts and fastening nuts, the

10
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fastening bolts extending through holes in close-fitting
portions of the anchoring nenbers

[ 0023] Each of the ties may include linear ties each of
which is straight and has bolt portions at opposite ends,
wherein the bolt portions of the linear ties extend through
holes in end portions of L-shaped anchoring nenbers of a
straight tie anchor, which face each other, are fastened wth
fastening nuts, and are anchored by fastening of fastening
bolts extending through holes in close-fitting pieces of the
anchoring nmenbers and fastening nuts. A tie fastener nmay be
configured to bind intersecting portions of the ties. The tie
fastener may include an upper cap and a |lower cap |ocated
above and below the intersecting ties, tie receiving recess
configured to receive the ties, and fastening bolts and
fastening nuts configured to fasten the upper and | ower caps.
The tie fastener may include a pair of Uvclips placed in
parallel to the intersecting ties to wap around |ower steel
bars of the steel bars of the ties, with cover pieces of the
U-clips wapping around the upper steel bars and fastened and
fixed to bolt portions provided at ends of the Uclips with

fastening nuts
Advant ageous Effects

[ 0024] The disclosure may allow easy and sinple fitting

together of struts, which are wunit nodular steel plates,

11
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together by adjusting the struts in accordance w th changes
in the size of the colum in the field, thereby reducing
nmenbers, sinplifying construction wthout a separate
fabrication process or welding process, and increasing
econom c efficiency in mass production.

[ 0025] The disclosure nmay also renove the connecting
steel plates connecting the struts separately disposed in the
outer direction of the foundation of the colum surface and
integrate the struts by connecting the struts with angles,
angl ed connectors each inplenmented as a band-shaped steel
plate, or band-shaped steel plate connectors, and then
fastening the resultant structure with fastening bolts and
fasteners, thereby reducing nenbers, sinplifying construction
without a separate fabrication process or welding process,
and i ncreasing economc efficiency in mass production.

[ 0026] The di sclosure may al so enabl e opposite ends of a
pair of ties to be fastened to struts with bolts and nuts
using prefabricated anchors, thereby providing high
structural performance and preventing stress interference
between the struts and the ties due to bolt-nut fastening
wi t hout wel di ng | oss.

[ 0027] The disclosure may al so elimnate residual stress
or residual deformation of studs, which are conpression
pl ates, caused by welding the studs to the struts as in the

related art, since the studs fixed on opposite sides of the

12
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struts are inplenented as doubl e-headed bolts that do not

requi re wel di ng.

Descri ption of Draw ngs

[ 0028] FIG 1 is a cross-sectional viewillustrating the
state of a typical mat foundation caused by the action of
conpressive and tensile forces.

[ 0029] FIG 2 is a perspective view of a related-art
foundati on rei nforcenent.

[ 0030] FIG 3 is a perspective view of a first
enbodi nent of the disclosure.

[ 0031] FIG 4 is a partially exploded perspective view
of the first enbodi nent of the disclosure.

[ 0032] FIG 5 is a cross-sectional view of a foundation
on which the first enbodi nent of the disclosure is di sposed.
[ 0033] FIG 6 is a perspective view of the first
enbodi rent of the disclosure in which the band-shaped steel
plate connectors are provided in place of the angled
connecting bars.

[ 0034] FIG 7 is a partially enlarged view of FIG 3
FIG 8 is a partially enlarged viewof FIG 6, and FIG 9 is
a partial perspective view of another exanple tie fastener
of the first enbodi nent.

[ 0035] FIG 10 is a partial view of the hooked tie
anchor according to the first enbodinent of FIG 3, FIG 11

13
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is a view of another inplenmentation of the hooked tie anchor
according to the first enbodinent of FIG 3, FIG 12 is a
view of another inplenentation of the hooked tie anchor
according to the first enbodinent of FIG 3, and FIG 13 is
a view of another inplenentation of the hooked tie anchor
according to the first enbodi nent of FIG 3.

[ 0036] FIG 14 is a partially expl oded perspective view
linear tie anchors coupled to linear ties in place of the
hooked tie anchors of the first enbodiment of FIG 3.

[ 0037] FIG 15 is a coupled front view of FIG 14.

[ 0038] FIG 16 is an exploded perspective view of other
linear tie anchors coupled to linear ties in place of the
hooked tie anchors of the first enbodi ment of FIG 3.

[ 0039] FIG 17 (a) to (d) show inplenentations of studs
di sposed on the steel plates of each strut.

[ 0040] FIG 18 shows a second enbodinent of t he
di scl osure, the overall appearance of which has a # shape.

[ 0041] FI G 19 shows a third enbodinment of t he
di scl osure, the overall appearance of which has a # shape.

[ 0042] FIG 20 shows a fourth enbodinent of t he
di scl osure, the overall appearance of which has the shape of
the Chinese letter “[H".

[ 0043] FIG 21 shows a fifth enbodinment of t he
di scl osure, the overall appearance of which has the shape of

the Chinese letter “H".

14
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[ 0044] FIG 22 is an imge for conparing foundation
reinforcenents of the related art and bolt-assenbled strut-
tie foundation reinforcenents of the disclosure, FIGS. 23 and
24 show the results of performance evaluation tests of FIG

22.

[ 0045]

Best Mbde

[ 0046] Herei nafter, the disclosure will be described in
detail with reference to the acconpanyi ng draw ngs.

[ 0047] FIG 3 is a perspective view of a first

enbodi ment of the disclosure, FIG 4 is a partially expl oded
perspective view of the first enbodi nent of the disclosure,

and FIG 5 is a cross-sectional view of a foundation on
which the first enbodinent of the disclosure is disposed.
Conpared to the related-art foundation reinforcenent, the
di sclosure sinplifies the assenbly regardl ess of the change
in the size of colums by connecting entire respective
nmenbers with bol ts and nut s, thereby speeding up
construction. The econony nmay be increased and the efficiency
of stress may be inproved by reducing nenbers due to the
renmoval of the connecting steel plates C. In addition, the
structures of struts 100 are standardi zed as unit nodules to
increase the econony in mass production, the mnenbers are
coupled by sinple bolt-nut fastening instead of welding in a

fixing nmethod of ties 200, and a fixing method of studs 500

15
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also includes a bolt fastening nethod using bolts having a
doubl e- headed bolt structure instead of wel ding.

[ 0048] In the disclosure, each of wunit struts 100 of a
strut-tie reinforcement of a foundation structure that
transfers load froma colum 10 to the ground, as shown in
FIG 5, is inplenmented as a unit nodule configured to be
coupled with bolts, and includes a hexagonal steel plate 110
and inclined stiffener plates 120 having a wdth. The
hexagonal steel plate 110 is configured such that upper outer
two corner surfaces are horizontal and vertical and |ower
outer two corner surfaces symetrical and opposite to the
upper outer two corner surfaces are also horizontal and
vertical. The hexagonal steel plate 110 has an inclined upper
sl oping surface 110a provided between the ends of the upper
outer horizontal corner surfaces and the ends of the |ower
outer vertical corner surfaces and an inclined |ower sloping
surface 110b provided between the ends of the upper outer
vertical corner surface and the ends of the |ower outer
hori zontal corner surface. The inclined stiffener plates 120
are fixed to the upper and |ower slopes 110a and 110b at
ri ght angl es.

[ 0049] In the disclosure, each of the ties 200 is a pair
of steel bars symmetrically spaced apart from each other
such that the struts 100 are opposite to each other, and are

tightly fixed to opposite side surfaces of the |ower
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portions of the pair of struts 100. A connector 300 connects
the struts 100 which are spaced apart from each other. As
shown in FIGS. 7 and 8, the connector 300 includes angled
connecting bars 310 or band-shaped steel plate connectors
320. The struts 100 are connected by fastening fastener bolts
100a and fastening nuts 100b, and the connector 300 is
assenbled with a fastening bolt 310a or 320a and a fastening
nut 310b or 320b. That is, intersecting portions of the
angled connecting bars 310 are fastened with the fastening
bolt 310a and the fastening nut 310b, or intersecting
portions of the band-shaped steel plate connectors 320 are
fastened wth the fastening bolts 320a, the fastening nuts
320b, an L-shaped fixing bar 321. Because the struts 100 are
connected using the angled connecting bars 310 or the band-
shaped steel plate connectors 320 and are fitted together by
bolt-nut fastening, the struts 100 rmay be easily and sinply
adjusted for assenbly in the field to match changes in the
size of a pole 40, thereby sinplifying construction wthout a
separate fabrication or welding process and increasing
econom c efficiency in mass production.

[ 0050] Referring to FIGS. 3 to 5, struts 100 are
symmetrically spaced apart from each other at a distance, and
other struts 100 are symmetrically spaced apart from each
other at a distance to be perpendicular to the struts 100. As

descri bed above, the struts 100 and the other struts 100 are

17
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connected and fitted together by the connector 300 to form an
overal | appearance having the shape of the cross synbol *+".
The ties 200 are hooked ties 210 each having a straight
central portion 211 and hook portions 212 provided at
opposite ends and having the shape of a hook J. The hook
portions 212 anchored to form hooked tie anchors 600. The
hook portions 212 having have the shape of a hook J forned at
the ends of the hooked tie 210 has the effect of inproving
the anchoring ability by bonding with concrete poured,
thereby increasing the stress. The hook portions 212 may have
a hook shape (J) that is formed as a standard hook bent 180°,
as shown in the disclosure, in accordance wth building
structure standards that prescribe the setting length and
shape of steel bars subjected to tensile force. The hook
portions 212 nmay al so have a hook shape (J) that is forned as
a standard hook bent 90°, which is not shown in the
di scl osure, in accordance with building structure standards.
The hook portions are determned by the field conditions of
the application of the hooked tie 210.

[ 0051] FIG 6 is a perspective view of the first
enbodi ment of the disclosure in which the band-shaped st eel
plate connectors are provided in place of the angled
connecting bars. The L-shaped fixing bar 321 is placed on the
intersecting portions of the band-shaped steel pl at e

connectors 320 and is fastened and fixed with the fastening

18
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bolts 320a and the fastening nuts 320b to further enhance
the connection of the struts 100.

[ 0052] FIG 7 is a partially enlarged view of FIG 3
FIG 8 is a partially enlarged viewof FIG 6, and FIG 9 is
a partial perspective view of another exanple tie fastener
of the first enbodinent. Referring to FIG 7, the angled
connecting bars 310 of the connector 300 connect the struts
100. The struts 100 and the angled connecting bars 310 are
connected by fastening of the fastener bolts 100a and the
fastening nuts 100b. The angl ed connecting bars 310 and the
angled connecting bars 310 are fixed by fastening of the
fastener bolt 310a and the fastening nut 310b. A tie fastener
400 for binding intersecting portions of the ties 200
i ncludes an upper cap 410 and a |lower cap 420 | ocated above
and below the intersecting ties 200, tie receiving recess 430
configured to receive the ties 200, and fastening bolts 440a
and fastening nuts 440b for fastening the upper and | ower
caps 410 and 420. Referring to FIG 8, the band-shaped stee
pl ate connectors 320 and the L-shaped fixing bar 321 are
fastened and fixed with the fastening bolts 320a and the
fastening nuts 320b, as shown in FIG 6. The tie receiving
recesses 430 are provided in the upper cap 410 and the | ower
cap 420 | ocated above and below the ties 200 intersecting at
the tie fastener 400 to receive the ties 200, thereby nore

firmy fixing the ties 200 when fastening the upper and | ower

19
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caps 410 and 420 with the fastening bolts 440a and the
fasteni ng nuts 440Db.

[ 0053] FIG 9 shows the tie fastener 400 in which a pair
of Uclips 450 are in parallel to the intersecting ties 200
to wap around the |lower tie steel bars, and cover pieces 460
of the Uclips 450 wapping around the upper tie steel bars
are fastened and fixed to bolt portions 450a provided at the
ends of the Uclips 450 with fastening nuts 450b. A pair of
Uclips 450 are placed in parallel and slid up around the
| ower ties 200. The cover pieces 460 are placed on the upper
ties 200 in a direction perpendicular to the parallel Uclips
450, and then are fastened and fixed by engaging the
fastening nuts 450b with the bolt portions 450a provided on
the ends of the U-clips 450. In this manner, the intersecting
portions of the ties 200 are nore firmy fixed.

[ 0054] FIG 10 is a partial view of the hooked tie
anchor according to the first enbodinent of FIG 3, FIG 11
is a view of another inplenentation of the hooked tie anchor
according to the first enbodinent of FIG 3, FIG 12 is a
view of another inplenentation of the hooked tie anchor
according to the first enbodinent of FIG 3, and FIG 13 is
a view of another inplenentation of the hooked tie anchor
according to the first enbodinent of FIG 3.

[ 0055] The disclosure shows that ends 212a of the hook

portion 212 of the hooked tie 210 are fixed to the inclined
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stiffener plates 120 by welding W so that the integration of
the hooked tie 210 and the struts 100 prevents the hooked tie
210 and the struts 100 from noving even when concrete is
poured, thereby having the effect of increasing the stability
of construction. Referring to FIG 10, the opposite ends of
the straight portion 211 connected to the hook portion 21 of
the hooked tie 210 are welded Wto close-fitting pieces 610
having two or nore holes. The close-fitting pieces 610
coupled to the hooked tie 210 are closely fitted to the
opposite ends of the steel plate 110 and then fixed with the
fastening bolts 611la and the fastening nuts 611b. Because the
close-fitting pieces 610 are wel ded Wto the opposite ends of
the straight portion 211 of the hooked tie 210, the effect of
speeding up construction in assenbling and conpleting the
di sclosure may be achieved. Referring to FIG 11, the
construction may also be sped up. The hooked tie 210 closely
fitted to the opposite side surfaces of the |ower portion of
the steel plate 110 is fitted between U shaped bolts 620
penetrating the steel plate 110 and fastening plates 621, and
Is then tightly fixed to the steel plate 110 by fastening the
bolt portions 620a of the Ushaped bolts 620 and the
fastening nuts 620b. Referring to FIG 12, the straight
portion 211 of the hooked tie 210 is easily mounted by being
slid into openings 631 of one or nore retaining clips 630

having the shape of the onega synbol “Q” welded to the
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opposite side surfaces of the lower portion of the steel
plate 110, thereby inproving the speed of construction at the
assenbly site. Referring to FIG 13, the hooked tie 210 is
closely fitted to the opposite side surfaces of the |ower
portion of the steel plate 110 and fixed by welding W This
has the effect of reducing the nunber of nenbers used for
anchoring, thereby reducing costs.

[ 0056] FIG 14 is a partially expl oded perspective view
linear tie anchors coupled to linear ties in place of the
hooked tie anchors of the first enbodinment of FIG 3, FIG
15 is a coupled front view of FIG 14, and FIG 16 is an
expl oded perspective view of other linear tie anchors coupled
to linear ties in place of the hooked tie anchors of the
first enbodi nent of FIG 3.

[ 0057] Referring to FIGS. 14 and 15, the tie 200
includes linear ties 220 each of which is straight and has
bolt portions 220a at opposite ends. The bolt portions 220a
of the linear ties 220 extend through holes 714 in end
portions 711 of anchoring menbers 710 having the shape of
Korean Letter “ 34" of the linear tie anchor 700, are fastened
with fastening nuts 220b, and are anchored to the steel
plates 110 by fastening of fastening bolts 715a and fastening
nuts 715b, the fastening bolts 715a extending through hol es
713 in close-fitting portions 712 of the anchoring nenbers

710. Referring to FIG 16, the tie 200 includes linear ties
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220 each of which is straight and has bolt portions 220a at
opposite ends. The bolt portions 220a of the linear ties 220
extend through holes 724 in end portions 721 of L-shaped
anchoring nmenbers 720 of the straight tie anchor 700, which
face each other, are fastened with fastening nuts 220b. The
bolt portions 220a are then anchored by fastening of
fastening bolts 725a extending through holes 723 in close-
fitting pieces 722 of the anchoring nenbers 720 and f astening
nuts 725b. Al of the above conponents are fitted with bolts
and nuts, which not only nmay speed up construction, but also
may reduce stress |osses due to welding by renoving welding
in the coupling between nenbers. The coupling structure
between the tie 200 and the tie anchors 700 nmay be nodified
to various structures in addition to the above-described
enbodi ments w thout |oss of stress.

[ 0058] (a) to (d) parts of FIG 17 are inplenentations
of studs disposed on the steel plates of each strut,

characterized in that at |east one stud 500 having a bolt-

head shaped end is provided on opposite surfaces of the
strut 100.

[ 0059] According to the first inplenentation in FIG 17
(a), the stud 500 is forned by formng a hole in the strut

100, placing a doubl e-headed bolt 510 on one surface of the
strut 100 and a double-headed bolt 511 on the opposite

surface and closely fitting the doubl e-headed bolts 510 and
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511 to the opposite surfaces of the strut 100 to be fastened
and fixed thereto. Here, the doubl e-headed bolt 510 has a
bolt head 510a at one end, a bolt head 510b | ocated on the
surface of the steel plate 110, and a male thread 510C
extending from the bolt head 510b and configured to extend
t hrough the hole. The doubl e-headed bolt 511 has a bolt head
511a at one end, a bolt head 511b located in the surface of
the steel plate 110, a nmale thread 510c provided inside the
bolt head 511b, and a fenmale thread 511c engaging with the
mal e thread 510c.

[ 0060] According to the second inplenentation in FIG 17
(b), the stud 500 is forned by formng a hole in the strut
100, fitting a full threaded bolt 520 into the hole to have
equal protrusion lengths on opposite surfaces of the strut
100, closely fitting and fixing two nuts 521 to the opposite
surfaces of the strut 100, and fixing two other nuts 521 on
ends of the full threaded bolt 520 at distances from the
strut 100.

[ 0061] According to the third inplenentation in FIG 17
(c), the stud 500 is forned by formng a hole in the strut
100, placing a doubl e-headed bolt 530 on one surface of the
strut 100, wherein the doubl e-headed bolt 530 has a bolt
head 530a at one end, a bolt head 530b | ocated on the surface
of the steel plate 110, and a bolt portion 530c extending

fromthe bolt head 530b and configured to extend through the
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hol e, placing nuts 531 such that one nut 531 is fastened to
the bolt portion 530c and closely fitted to the strut 100 and
the other nut 531 is fastened and fixed to one end of the
bolt 530c. In FIG 17 (a) to (c), after the double headed
bolt 510 or 53 or the full threaded bolt 520 is extended
through the hole fornmed in the strut 100, fastening is
perforned quickly and easily using the doubl e-headed bolt 511
having the fenmale thread 511c or the nut 521 or 531 to form
the stud 500. According to the fourth inplenentation in FIG

17 (d), the stud 500 is forned by wel ding stud bolts 540 each
having a bolt head 540a to the opposite surfaces of the stud
500 which face each other, in place of formng a hole in the
strut 100.

[ 0062] FIG 18 shows a second enbodinent of t he
di scl osure, the overall appearance of which has the shape of
the sharp synbol “#", and FIG 19 shows a third enbodi nent

of the disclosure, the overall appearance of which has a #
shape.

[ 0063] Referring to FIGS. 18 and 19, in the sane nanner,

two struts 100 are located to be spaced apart at a distance
from and arranged parallel to each other, and two other
struts 100 are located symmetrically to the two struts 100.

Two further struts 100 are |located perpendicularly to the
struts 100 and spaced apart at a distance from and arranged

parallel to each other, and two further other struts 100 are
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| ocated symmetrically to the two further struts 100. The
struts 100 are fitted and connected to each other by the
connector 200 to forma # shape in overall appearance. In the
second enbodinment of FIG 18, for connecting the struts 100
spaced apart, band-shaped steel plate connectors 320 connect
the struts 100. In the third enbodi nent of FIG 19, the band-
shaped steel plate connectors 320 of the connector 300 are
connected with a steel plate having a width to form an
overall shape of Korean letter “m” (or an overall square
shape), and are fastened and fixed with fastening bolts and
fastening nuts to angl e-shaped connecting hol ders 340 cl osely
fitted to corner portions of the overall shape where the
steel plates 110 and the band-shaped steel plate connectors
320 neet. The steel plates 110 and the band-shaped steel
pl ate connectors 320 are fixed as a unit. Band-shaped stee
pl ate supports 330 are disposed at the corner portions where
t he band-shaped steel plate connectors 320 neet.

[ 0064] The second and third enbodinents of t he
disclosure, as well as fourth and fifth enbodinents to be
descri bed below, differ in the nunber of struts 100. Because
the magnitude of the load transferred by the foundation
varies wth the nunber of the struts 100 used, the structura
performance of the struts 100 nmay be qualitatively eval uated
to determne the optinmal nunber and shape of the struts 100,

whi ch varies with the nmagnitude of the top | oad.
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[ 0065] FIGS. 20 and 21 show fourth and fifth enbodi nents
of the disclosure, the overall appearance of which has the
shape of Chinese letter “H”. Referring to FIGS 20 and 21,
in the sane manner, three struts 100 are |ocated to be spaced
apart at distances fromand parallel to each other, and three
other struts 100 are located symmetrically to the three
struts  100. Three  further struts 100 are |ocated
perpendicularly to the three struts 100 and spaced apart at
di stances from and parallel to each other, and three struts
further other 100 are located symetrically to the three
further struts 100. The struts 100 are fitted and connected
to each other by the connector 200 to form the shape of
Chinese letter “H” in overall appearance.

[ 0066] In the fourth enbodinent of FIG 20, as in the
third enbodi nent, the band-shaped steel plate connectors 320
of the connector 300 are connected by steel plates having
wdths to form an overall shape of Korean letter “m”. The
steel plates 110 and the band-shaped steel plate connectors
320 are fastened and fixed with fastening bolts and fastening
nuts to the angle-shaped connecting holders 340 closely
fitted to the corner portions of the overall shape where the
steel plate 110 and the band-shaped steel plate connectors
320 neet. In this manner, the steel plates 110 and the band-
shaped steel plate connectors 320 are fixed together. The

band- shaped steel plate supports 330 are disposed at the
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corner portions where the band-shaped steel plate connectors
320 neet. In the fifth enbodinent of FIG 21, the struts 100
and the band-shaped steel plate connectors 320 are connected
and fixed with the connecting hol ders 340.

[ 0067] The first to fifth enbodinments of the bolt-
assenbl ed strut-tie foundation reinforcenent according to the
di scl osure have been described, the bolt-assenbled strut-tie
foundation reinforcenment may be inplenmented in various forns
by changi ng the arrangenent and coupling of the struts 100 in
addition to those enbodi nents.

[ 0068] FIG 22 is an imge for conparing foundation
reinforcenents of the related art and bolt-assenbled strut-
tie foundation reinforcenments of the disclosure fabricated as
test subjects for load tests, and FIGS. 23 and 24 show the
results of performance evaluation tests on the foundations
using the bolt-assenbled strut-tie foundation reinforcenent
by SungKyunkKwan Uni versity-1ndustry Cooperation Foundation to
denonstrate the field applicability and safety of the
di scl osure. The upper and lower left images of FIG 22 relate
to strut-tie foundation reinforcenents of the related art
having + and # shapes, in each of which w ng-shaped strut-
type steel plates fornmed in the outer direction of a colum
to be disposed and connecting steel plates C connecting steel
plates to each other around the colum to be disposed are

integrated by welding, and ties inplenented as steel bars are
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fixed to fixing flanges by welding. Such a structure, as
descri bed above, not only requires one or twb or nore
connecting steel plates C to be superinposed on each other on
each side of the colum due to changes in the size of the
colum, but also requires a conplicated process of cutting,
adding, and welding to be perfornmed to the connecting steel
plates C

[ 0069] The upper and lower right images of FIG 22 show
the first and second enbodi ments of the disclosure, in each
of which the angled connecting bars 310 and the struts 100
are connected with the fastening bolts 100a and the fastening
nuts 110b, and then the connector 300 assenbled with the
fastening bolt 310a or 320a and the fastening nut 310b or
320b is forned. The ties 200 include the hooked ties 210,
each of which has the central straight portion 211 and the
hook- shaped hook portions 212 at opposite ends. The hooked
tie anchors 600 are provided by neans of the anchored hook
portions 212. Construction may be sped up by responding to
changes in the size of the colums disposed on the strut tie
foundation reinforcenent while maintaining the reinforcenent
principle of the strut tie foundation reinforcenment of the
related art, and the deformation or distortion of the
structural nenbers may be mnimzed and the fabrication
nmet hod may be sinplified while increasing economc efficiency

by reducing nenbers and enabling unit nodul arization, thereby
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speeding up and sinplifying construction and inproving the
efficiency of nenber stress.

[ 0070] FIG 23 shows results of load tests perforned on
the unreinforced foundation reinforcenent of the related art,
the strut-tie foundation reinforcenents of the related art
having + and # shapes, and the first and second enbodi nents
of the disclosure, wherein the maximum strength of the
unrei nforced foundation reinforcement of the related art,
2330 KN, was set as a reference value of 100% and the
maxi mum strength of the other test subjects was set as a
relative percentage (% of the reference value. Accordingly,
t he maxi num strength of t he strut-tie foundati on
reinforcenent of the related art having a + shape was 3225
KN, which is 138% and the nmaxinum strength of the first
enbodi ment of the disclosure was 3466 KN, which is 149% 1In
addition, the maximum strength of the strut-tie foundation
reinforcenent of the related art having a # shape was 4029
KN, which is 173% and the maxi mum strength of the second
enbodi rent of the disclosure was 4124 KN, which is 177% As
can be seen, the first and second enbodinents of the
di scl osure have inproved manufacturing, constructing, and
econom cal performance than the strut-tie foundation
reinforcenents of the related art having + and # shapes,
while providing greater stress efficiency. This may also be

seen in a foundation reinforcenent | oad-displacenent test
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result table in FIG 24.

[ 0071] As set forth above, the disclosure easily and
sinply fit the struts 100, which are unit nodular steel
pl ates, together by adjusting the struts in accordance wth
changes in the size of the colum in the field, thereby
reduci ng nmenbers, sinplifying construction without a separate
fabrication process or welding process, and increasing
economc efficiency in mass production. The connecting stee
pl ates C connecting the struts 100 separately disposed in the
outer direction of the foundation of the colum surface are
renoved and the struts 100 may be integrated by connecting
the struts wth angles, angled connectors 310 each
i mpl enented as a band-shaped steel plate, or the band-shaped
steel plate connectors, and then fastening the resultant
structure with the fastening bolts 100a and the fastening
nuts 100b, thereby reducing nenbers and increasing economc
efficiency. Construction nmay be sped up by fastening of the
fastening bolts and the fastening nuts w thout welding. The
opposite ends of a pair of ties 200 may be fastened to the
struts 100 wusing the prefabricated anchors, t her eby
provi ding high structural performance and preventing stress
interference between the struts 100 and the ties 200 due to
bolt-nut fastening w thout welding |oss. Because the studs
500 fixed on the opposite sides of the struts 100 are

i mpl enented as doubl e-headed bolts that do not require
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wel di ng, residual stress or residual deformation of the studs
500, which are conpression plates, caused by welding the
studs 500 to the struts 100 as in the related art nmay be
el i m nat ed.

[ 0072] Al though the disclosure has been illustrated by
the particular enbodinments and the drawings as above, the
terns and the words used in this specification and the clains
are not to be construed in their ordinary or dictionary
sense, but rather in a sense and concept consistent with the
technical ideas of the disclosure. Accordingly, it is to be
understood that the enbodinments described herein and the
configurations illustrated in the drawings are nerely
exanples of the disclosure and are not exhaustive of the
technical ideas of the disclosure, and that there may be a
nunber of variations and nodifications wthout departing from

the clains of the disclosure.
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[Gaim 1] A bolt-assenbled strut-tie foundation
reinforcenent for a foundation which transfers load from a
colum to the ground, the bolt-assenbled strut-tie foundation
rei nf orcenent conpri sing:

unit struts (100) each conprising a hexagonal steel
plate (110) configured such that upper outer two corner
surfaces are horizontal and vertical and |ower outer two
corner surfaces symmetrical and opposite to the upper outer
two corner surfaces are horizontal and vertical, the
hexagonal steel plate (110) having an inclined upper sloping
surface (110a) provided between ends of the upper outer
horizontal corner surfaces and ends of the |ower outer
vertical corner surfaces and an inclined |ower sloping
surface (110b) provided between the ends of the upper outer
vertical corner surface and the |ower outer horizontal corner
surface, and inclined stiffener plates (120) fixed to the
upper and | ower slopes (110a, 110b) at right angl es;

ties (200) each conprising a pair of steel Dbars
symmretrically spaced apart from each other such that the
struts (100) are opposite to each other, the steel bars
being tightly fixed to opposite side surfaces of the |ower

portions of the pair of struts (100); and
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a connector (300) configured to connect the struts
(100) which are spaced apart from each other, the connector
(300) connecting the struts (100) with angled connecting
bars (310) or band-shaped steel plate connectors (320) and
being assenbled wth fastening bolts (310a, 320a) and
fastening nuts (310b, 320b).

[aim 2] The bolt-assenbled strut-tie foundation
reinforcenent of claim 1, wherein the struts conprise struts
(100) are located to be symetrically spaced apart from each
other at a distance and other struts (100) symetrically
spaced apart from each other at a distance to be
perpendi cular to the struts (100), and the struts (100) and
the other struts (100) are connected and fitted together by
the connector (300) to form an overall appearance having a

shape of a cross synbol (+).

[aim 3] The bolt-assenbled strut-tie foundation
reinforcenent of claim 1, wherein the struts conprise two
struts (100) spaced apart at a distance from and arranged
parallel to each other, two other struts (100) |ocated
symmetrically to the two struts (100), two further struts
(100) located perpendicularly to the struts (100) and spaced
apart at a distance fromand arranged parallel to each other,

and two further other struts (100) |ocated symetrically to
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the two further struts (100), and the struts are fitted and
connected to each other by the connector (200) to form an

overal | appearance having a shape of a sharp synbol (#).

[Gaim 4] The bolt-assenbled strut-tie foundation
reinforcenent of claim 1, wherein the struts conprise three
struts (100) spaced apart at distances from and arranged
parallel to each other, three other struts (100) | ocated
symmetrically to the three struts, three further struts (100)
| ocated perpendicularly to the three struts (100) and spaced
apart at distances fromand parallel to each other, and three
further other struts (100) |ocated symmetrically to the three
further struts (100), and the struts are fitted and connected
to each other by a connector (200) to form a shape of Chinese

letter “H” in overall appearance.

[aim 5] The bolt-assenbled strut-tie foundation
rei nforcenent of any one of clains 1 to 4, wherein the ties
(200) are hooked ties (210) each having a straight central
portion (211) and hook-shaped hook portions (212) provided at
opposite ends, wherein the hook portions (212) anchored to

form hooked ti e anchors (600).

[Qaim 6] The bolt-assenbled strut-tie foundation

reinforcenent of claim 5, wherein ends (212a) of the hook
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portions (212) of the hooked ties (210) are fixed to the

inclined stiffener plates (120) by welding (W.

[Qaim 7] The bolt-assenbled strut-tie foundation
rei nforcenent of any one of clains 1 to 4, wherein at |east
one stud (500) having a bolt-head shaped end is provided on

opposite surfaces of the strut (100).

[aim 8] The bolt-assenbled strut-tie foundation
reinforcenent of claim 7, wherein the stud (500) conprises a
doubl e- headed bolt (510) placed on one surface of the strut
(100), the doubl e-headed bolt (510) including a bolt head
(510a) at one end, a bolt head (510b) |ocated on a surface
of the steel plate (110), and a male thread (510C) extending
fromthe bolt head (510b) and configured to extend through a
hole in the strut (100), a doubl e-headed bolt (511) placed
on the opposite surface, the double-headed bolt (511)
including a bolt head (511a) at one end, a bolt head (511b)
| ocated in the surface of the steel plate (110), a nale
thread (510c) provided inside the bolt head (511b), and a
femal e thread (511c) engaging with the male thread (510c),
wherein the double-headed bolts (510, 511) are closely
fitted to the opposite surfaces of the strut (100) to be

fastened and fi xed thereto.
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[Gaim 9] The bolt-assenbled strut-tie foundation
reinforcenent of claim 7, wherein the stud (500) conprises a
full threaded bolt (520) fitted into a hole in the strut
(100) to have equal protrusion |engths on opposite surfaces
of the strut (100), two nuts (521) closely fitted and fixed
to the opposite surfaces of the strut (100), and two other
nuts (521) fixed on ends of the full threaded bolt (520) at

di stances fromthe strut (100).

[aim 10] The bolt-assenbled strut-tie foundation
reinforcenent of claim 7, wherein the stud (500) conprises a
doubl e- headed bolt (530) placed on one surface of the strut
(100), the doubl e-headed bolt (530) including a bolt head
(530a) at one end, a bolt head (530b) |ocated on the surface
of the steel plate (110), and a bolt portion (530c) extending
fromthe bolt head (530b) and configured to extend through a
hole in the strut (100), and nuts (531) placed such that one
of the nuts (531) is fastened to the bolt portion (530c) and
closely fitted to the strut (100) and the other one of the
nuts (531) is fastened and fixed to one end of the bolt

(530c).

[Gaim 11] The bolt-assenbled strut-tie foundation

reinforcenent of claim 7, wherein the stud (500) conprises
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stud bolts (540) each having a bolt head (540a) and wel ded to

opposite surfaces of the stud (500) which face each ot her.

[aim 12] The bolt-assenbled strut-tie foundation
reinforcenent of claim 5, wherein opposite ends of the
straight portion (211) connected to the hook portion (21) of
the hooked tie (210) are welded (W to close-fitting pieces
(610) having two or nore holes, and the close-fitting pieces
(610) coupled to the hooked tie (210) are closely fitted to
opposite ends of the steel plate (110) and fixed with the
fastening bolts (61l1a) and the fastening nuts (611b).

[Gaim 13] The bolt-assenbled strut-tie foundation
reinforcenent of claim 5, wherein the hooked tie (210)
closely fitted to opposite side surfaces of the |ower portion
of the steel plate (110) is fitted between U shaped bolts
(620) penetrating the steel plate (110) and fastening plates
(621), and is tightly fixed to the steel plate (110) by
fastening the bolt portions (620a) of the U shaped bolts
(620) and the fastening nuts (620Db).

[Qaim 14] The bolt-assenbled strut-tie foundation
reinforcenent of claimb5, wherein the straight portion (211)
of the hooked tie (210) is slid into openings (631) of one or

nore retaining clips (630) having a shape of an onega synbol
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(@) for nmounting, the retaining clips (630) being fixed to
opposite side surfaces of the lower portion of the steel

pl ate (110) by wel di ng.

[Gaim 15] The bolt-assenbled strut-tie foundation
reinforcenent of claim 5, wherein the hooked tie (210) is
closely fitted to opposite side surfaces of the |ower portion

of the steel plate (110) and fixed by welding (W.

[Qaim 16] The bolt-assenbled strut-tie foundation
reinforcenent of any one of clains 1 to 4, wherein each of
the ties (200) conprises linear ties (220) each of which is
straight and has bolt portions (220a) at opposite ends,
wherein the bolt portions (220a) of the linear ties (220)
extend through holes (714) in end portions (711) of anchoring
menbers (710) having a shape of Korean Letter “d9” of a
linear tie anchor (700), are fastened with fastening nuts
(220b), and are anchored to the steel plates (110) by
fastening of fastening bolts (715a) and fastening nuts
(715b), the fastening bolts (715a) extending through holes
(713) in close-fitting portions (712) of the anchoring
menbers (710).

[Qaim 17] The bolt-assenbled strut-tie foundation

reinforcenent of any one of clains 1 to 4, wherein each of
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the ties (200) conprises linear ties (220) each of which is
straight and has bolt portions (220a) at opposite ends,
wherein the bolt portions (220a) of the linear ties (220)
extend through holes (724) in end portions (721) of L-shaped
anchoring nenbers (720) of a straight tie anchor (700), which
face each other, are fastened wth fastening nuts (220b), and
are anchored by fastening of fastening bolts (725a) extending
through holes (723) in close-fitting pieces (722) of the
anchoring nmenbers (720) and fastening nuts (725b).

[Caim 18] The bolt-assenbled strut-tie foundation
reinforcenent of any one of clains 1 to 4, wherein a tie
fastener (400) is configured to bind intersecting portions of

the ties (200).

[aim 19] The bolt-assenbled strut-tie foundation
reinforcenent of claim 18, wherein the tie fastener (400)
conprises an upper cap (410) and a lower cap (420) |ocated
above and below the intersecting ties (200), tie receiving
recess (430) configured to receive the ties (200), and
fastening bolts (440a) and fastening nuts (440b) configured

to fasten the upper and | ower caps (410, 420).

[aim 20] The bolt-assenbled strut-tie foundation

reinforcenent of claim 18, wherein the tie fastener (400)
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conprises a pair of Uclips (450) placed in parallel to the
intersecting ties (200) to wap around |ower steel bars of
the steel bars of the ties, with cover pieces (460) of the U
clips (450) wrapping around the upper steel bars and fastened
and fixed to bolt portions (450a) provided at ends of the U
clips (450) with fastening nuts (450Db).

[aim 21] The bolt-assenbled strut-tie foundation
reinforcenent of claim 1, wherein intersecting portions of
the angled connecting bars (310) are fastened wth the

fastening bolt (310a) and the fastening nut (310b).

[Gaim 22] The bolt-assenbled strut-tie foundation
reinforcenent of claim 1, wherein an L-shaped fixing bar
(321) is placed on intersecting portions of the band-shaped
steel plate connectors (320) and is fastened and fixed with

the fastening bolts (320a) and the fastening nuts (320b).

[Gaim 23] The bolt-assenbled strut-tie foundation
reinforcenent of claim3 or 4, wherein the band-shaped steel
pl ate connectors (320) of the connector (300) are connected
with a steel plate having a wdth to forman overall shape of
Korean letter “m”, and are fastened and fixed w th fastening
bolts and fastening nuts to angl e-shaped connecting hol ders

(340) closely fitted to corner portions of the overall shape
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where the steel plates (110) and the band-shaped steel plate

connectors (320) neet.

[aim 24] The bolt-assenbled strut-tie foundation
reinforcenent of claim 23, wherein band-shaped steel plate
supports (330) are disposed at the corner portions where the

band- shaped steel plate connectors (320) neet.
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