DESCRIPTION

Title of the Invention
STEEL-FRAMED CONCRETE BEAM AND METHOD FOR CONSTRUMNG

STEEL-FRAMED CONCRETE BEAM

Technical Field
[0001]
The present invention relates to a steel-framettiete beam and a method

for constructing a steel-framed concrete beam.

Background Art
[0002]

Proposed in the related art is a method for fograrweb opening for passing
a duct or the like through an RC beam. Accordingatproposed example of the
method, a decline in the proof stress of the beanmg web opening formation is
suppressed by penetration reinforcement being pegd with a reinforcing member
attached to the outer shell of the beam, and themveb opening penetrating the beam

and the reinforcing member is formed (see, for eapPatent Document 1).

Citation List
Patent Document
[0003]
Patent Document 1: Japanese Unexamined PatentAfph Publication

No. 2014-148813



Summary of the Invention
Technical Problem
[0004]

According to the method described in the Patertubwent 1, the reinforcing
member needs to be separately attached to a sitfzeswof the beam after RC beam
building for the web opening to be formed, and tla@nincrease in work man-hours
arises. Besides, the web opening can be formey ionthe range of reinforcing
member attachment, and thus the degree of freegddowiin terms of the position and
size of the web opening. Desired in this regasdaasteel-framed concrete beam and
a method for constructing a steel-framed concret@rballowing a reduction in the
labor and cost entailed by separate reinforcing benattachment for web opening
formation and allowing enhancement of the degreereédom in terms of web
opening position and size.

[0005]

The invention has been made in view of the aba an object of the
invention is to provide a steel-framed concretenb@ad a method for constructing a
steel-framed concrete beam allowing a reductiorthm labor and cost entailed by
separate reinforcing member attachment for web iogeformation and allowing

enhancement of the degree of freedom in terms bfapening position and size.

Means for Solving the Problems
[0006]
In order to solve the above problem and achiewe d@bove object, a

steel-framed concrete beam according to claim ipeses: a steel form having a



bottom plate portion and a pair of side plate pmsi extending upward from both ends
of the bottom plate portion; and concrete placed groove portion configured by the
bottom plate portion and the pair of side platetipas of the steel form.

[0007]

The steel-framed concrete beam according to clains the steel-framed
concrete beam according to claim 1, wherein anwalbde bending moment or an
allowable shear force of the steel-framed condbei@m is calculated by Equation (1)
below: (Equation 1) = Frc + B [Fs wherein, E an allowable bending moment or an
allowable shear force of the steel-framed concbetam, kc: an allowable bending
moment or an allowable shear force of the concfte,burden factor of an allowable
bending moment or an allowable shear force of teel $orm, which is 0.5 or less, and
Fs: an allowable bending moment or an allowable sk&ae of the steel form.

[0008]

The steel-framed concrete beam according to clains the steel-framed
concrete beam according to claim 1 or 2, wherera of the steel-framed concrete
beam is joined to a girder, and the steel formre/igded with an end portion on the
girder side in a longitudinal direction of the dtem, accommodated in the girder via
a notch formed in a side surface of the girder, lamdng a length equal to or greater
than a cover thickness of the girder.

[0009]

The steel-framed concrete beam according to clims the steel-framed
concrete beam according to any one of claims 1, tatrein the side plate portion
and the concrete have a web opening forming poriéywing formation of a web
opening penetrating the side plate portion ancctnerete.

[0010]



The steel-framed concrete beam according to clains the steel-framed
concrete beam according to any one of claims 1, twh&rein a non-opening member
for fixing the pair of side plate portions to eaatfer is provided in a range from an
upper end position of the pair of side plate paortido a position below the upper end
position by one-third of a height of the pair alesiplate portions.

[0011]

The steel-framed concrete beam according to claims the steel-framed
concrete beam according to any one of claims 1,teviterein the steel form is
provided with a flange portion extending outwardnfran upper end of the side plate
portion.

[0012]

The steel-framed concrete beam according to claims the steel-framed
concrete beam according to claim 6, wherein thelsterm is provided with a
reinforcing portion extending downward or upwardnfr an outer end of the flange
portion.

[0013]

A method for constructing a steel-framed concbetem according to claim 8
comprises: a steel form installation step of instgla steel form having a bottom plate
portion and a pair of side plate portions extendimyvard from both ends of the
bottom plate portion; and a placement step of ptaaoncrete in a groove portion
configured by the bottom plate portion and the pédiside plate portions of the steel
form installed in the steel form installation step.

[0014]
The method for constructing a steel-framed corcbeiam according to claim

9 is the method for constructing a steel-framedcoste beam according to claim 8,



wherein an allowable bending moment or an allowablkear force of the steel-framed
concrete beam is calculated by Equation (1) bel@guation 1) k= Frc + B OFs
wherein, K an allowable bending moment or an allowable shieace of the
steel-framed concrete beanmkcFan allowable bending moment or an allowable shear
force of the concrete}: a burden factor of an allowable bending momentaor
allowable shear force of the steel form, which i§S 0r less, and 4~ an allowable

bending moment or an allowable shear force of teel $orm.

Advantage of the Invention
[0015]

According to the steel-framed concrete beam adcgrtb claim 1 or the
method for constructing a steel-framed concreterbaacording to claim 8, since an
outer shell of the concrete is covered by the dieeh, it is possible to suppress a
decline in proof stress during the formation of @ovwopening in the side surface of the
beam and it is possible to reduce the labor antl @usiled by separate reinforcing
member attachment for forming the web opening.

[0016]

According to the steel-framed concrete beam adcgrtb claim 2 or the
method for constructing a steel-framed concretenb@acording to claim 9jt is
possible to calculate a complex allowable bendiram@nt and a complex allowable
shear force taking the respective bearing ratiohefsteel form and the concrete into
account and it is possible to optimize the desiigine steel-framed concrete beam.
[0017]

According to the steel-framed concrete beam aaegrdo claim 3, it is

possible to further improve the joining strengthadbinding beam and a girder by the



girder accommodating the binding beam to the exténhe length, which is equal to
or greater than the cover thickness of the girder.
[0018]

According to the steel-framed concrete beam aaegrtb claim 4, since the
web opening can be formed in the web opening fogrpiortion, piping and wiring and
S0 on can be passed through the web opening, antbtivenience of the steel-framed
concrete beam can be enhanced. In particulare sincouter shell of the concrete of
the steel-framed concrete beam is covered by thel $rm, a part where the web
opening can be formed is not limited to a partedfifiorcing member attachment unlike
in the related art, and the degree of freedom efdize and disposition of the web
opening can be enhanced.

[0019]

According to the steel-framed concrete beam aaegrdo claim 5, since
relative positions of the pair of side plate pansacan be fixed at a position relatively
close to the upper end position of the pair of gukte portions, mutual outward
opening of the pair of side plate portions can lmrareffectively prevented than in a
case where the non-opening member is providegasiion below this range.

[0020]

According to the steel-framed concrete beam aaegrtb claim 6, since the
flange portion is provided, load of a slab suppbtig the steel-framed concrete beam
can be received by the flange portion and is altbwe smoothly flow to the
steel-framed concrete beam and proof stress ofstbel-framed concrete beam is
improved.

[0021]

According to the steel-framed concrete beam aaegrtb claim 7, since the



reinforcing portion is provided at the outer endtlud flange portion, buckling of the
flange portion at a time when the concrete is plame the groove portion or the flange
portion of the steel form can be suppressed byehdorcing portion and the proof

stress of the steel-framed concrete beam is implrove

Brief Description of the Drawings
[0022]

Fig. 1 is a set of views illustrating a steel-fednconcrete beam (binding
beam) according to Embodiment 1 of the inventionwhich Fig. 1(a) is a left side
view and Fig. 1(b) is a cross-sectional view taikmg arrow A-Ain Fig. 1(a).

Fig. 2 is an exploded perspective view illustrgtim temporary state during
construction in the vicinity of the joining portidometween the binding beam and a
girder.

Fig. 3 is a view illustrating the relationship Wween a cross section of the
binding beam and calculation parameters.

Fig. 4 is a graph showing the relationship betwaeslab thickness and a
long-term bending rigidity ratio.

Fig. 5 is a graph showing the relationship betwdenslab thickness and a
short-term bending rigidity ratio.

Fig. 6 is a graph showing the relationship betwenload that is applied to
the binding beam and the shear rigidity ratio ateel form, which pertains to a case
where no web opening is present.

Fig. 7 is a graph showing the relationship betwenload that is applied to
the binding beam and the shear rigidity ratio @& $heel form, which pertains to a case

where a web opening is present.



Fig. 8 is a set of cross-sectional perspectivevsieorresponding to the A-A
arrow cross section in Fig. 1(a), in which Fig.)8(mstrates the binding beam at the
completion of a steel form installation step, ) illustrates the binding beam at the
completion of main bar arrangement, deck plateallaton, and placement steps, and
Fig. 8(c) illustrates the binding beam at the catiph of a penetration step.

Fig. 9 is a set of cross-sectional perspectivevsieorresponding to the A-A
arrow cross section in Fig. 1(a), in which Fig.)9(mstrates the binding beam at the
completion of steel form installation and cylindgidorm installation steps, Fig. 9(b)
illustrates the binding beam at the completion @imbar arrangement, deck plate
installation, and placement steps, and Fig. 9(cjtilates the binding beam at the
completion of a penetration step.

Fig. 10 is a set of views illustrating a state veha Z-steel is transported, in
which Fig. 10(a) is an end view illustrating thetst of transport of a Z-steel of
Embodiment 1 and Fig. 10(b) is an end view illuttigh the state of transport of a
Z-steel according to a first modification example.

Fig. 11 is a set of views illustrating a steelnfioaccording to a second
modification example, in which Fig. 11(a) is a plaaw of the steel form that is yet to
be bent and Fig. 11(b) is a side view of the di@®h that is bent.

Fig. 12 is a set of views illustrating the vicinif the joining portion between
a binding beam and a girder according to a thirdlifrcation example, in which Fig.
12(a) is a left side view and Fig. 12(b) is a cresstional view taken along arrow B-B
in Fig. 12(a).

Fig. 13 is a set of views illustrating the vicintf the joining portion between
a binding beam and a girder according to a fourtidifrcation example, in which Fig.

13(a) is a right side view and Fig. 13(b) is a plaw.



Fig. 14 is a right side view illustrating the wndy of the joining portion
between a binding beam and a girder accordingdfifthanodification example.

Fig. 15 is a right side view illustrating the wndy of the joining portion
between a binding beam and a girder accordingsigth modification example.

Fig. 16 is a perspective view of an end portiohef steel form of the binding
beam in Fig. 15.

Fig. 17 is a right side view illustrating the widy of the joining portion
between a binding beam and a girder accordingstvanth modification example.

Fig. 18 is a side view illustrating the vicinity the joining portion between a
binding beam and a girder according to an eightdifioation example.

Fig. 19 is a plan view of Fig. 18.

Fig. 20 is a cross-sectional view correspondinth&A-A arrow cross section
in Fig. 1(a) and is a cross-sectional view of &isterm of a binding beam according to
a ninth modification example.

Fig. 21 is a cross-sectional view correspondinth&oA-A arrow cross section
in Fig. 1(a) and is a cross-sectional view of &isterm of a binding beam according to
a tenth modification example.

Fig. 22 is a set of cross-sectional views corradpg to the A-A arrow cross
section in Fig. 1(a), in which Fig. 22(a) illuseata steel form of a binding beam
according to an eleventh modification example amgd E2(b) illustrates a steel form
of a binding beam according to a twelfth modifioatexample.

Fig. 23 is a set of cross-sectional views corradpg to the A-A arrow cross
section in Fig. 1(a), in which Fig. 23(a) illuseata steel form of a binding beam
according to a thirteenth modification example &gl 23(b) illustrates a steel form of

a binding beam according to a fourteenth modifaragxample.



Description of Embodiments
[0023]

Embodiments of a steel-framed concrete beam aicaptd the invention will
be described in detail below with reference to agganying drawings. The basic
concepts of the embodiments ([I]) will be describfgdt, and then details of the
embodiments ([Il]) will be described. Modificatiomxamples regarding the
embodiments ([Ill]) will be described last. Thevaémtion is not limited by the
embodiments.

[0024]

[1] Basic Concepts of Embodiments

The basic concepts of the embodiments will be ritesd first.

The embodiments relate to a steel-framed concbetam constituting a
building. The "steel-framed concrete beam" is anbgrovided with at least a steel
frame and concrete. The steel-framed concrete bewmy be provided with a
component other than the steel frame and the ctmcreFor example, the
embodiments illustrate an example in which the Idtaened concrete beam is
configured as a steel-framed reinforced concretarbhat has a rebar in addition to a
steel frame and concrete. Although the steel-fchmeénforced concrete beam may
be provided with, for example, a main bar and agtias the rebar, a case where the
steel-framed reinforced concrete beam is provid#ld avmain bar and no stirrup will
be described below. The steel-framed concrete bewy be provided with, for
example, a stirrup and no main bar, both a mainabdra stirrup, or no main bar and
no stirrup.

[0025]

10



The steel frame is capable of having any shapefansas the steel frame
functions as a form allowing concrete placement.case where the steel frame has an
axial cross section in a hat shape (a shape obtéwygining a pair of Z-steels to each
other) will be described below.

[0026]

The steel-framed concrete beam according to theodiments is applicable
to any installation floor. Although a case whemne steel-framed concrete beam is a
second floor beam will be described below, the |dteened concrete beam is
applicable to beams of other floors as well. Aitgb a case where the steel-framed
concrete beam is a binding beam will be describeldvy the steel-framed concrete
beam may be a girder as well.

[0027]

[I1] Details of Embodiments

Details of the embodiments will be described below
[0028]

(Embodiment 1)

The steel-framed concrete beam according to Emfoerdti 1 will be described
first.

[0029]

(Configuration)

Fig. 1 is a set of views illustrating the steelrred concrete beam according
to Embodiment 1 (hereinafter, simply referred tdl@ading beam” 1). Fig. 1(a) is a
left side view and Fig. 1(b) is a cross-sectionawWwtaken along arrow A-A in Fig.
1(a). As illustrated in Fig. 1, the binding beamadcording to Embodiment 1 is

provided with a steel form 10, binding beam corer2d, main bars 30, and web
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openings (through holes) 40. In the following dgs®n, the +X-X direction in each
drawing will be referred to as "width direction” ascessary. In particular, the +X
direction will be referred to as "rightward dirextl' and the —X direction will be
referred to as "leftward direction”. The +Y-Y diteon will be referred to as "depth
direction" or "forward-rearward direction”. In p@aular, the +Y direction will be
referred to as "forward direction" and the -Y dtree will be referred to as "rearward
direction”. The +Z-Z direction will be referred tas "height direction” or
"upward-downward direction”. In particular, the tlfection will be referred to as
"upward direction” and the —Z direction will be eefed to as "downward direction”.
As for a vertical plane (YZ plane) passing throtigé axial center of the steel-framed
concrete beam, the direction toward the plane albagvidth direction (+X-X) will be
referred to as "inward direction” and the directammay from the plane along the width
direction (+X-X) will be referred to as "outwardrection”.

[0030]

(Configuration-Steel Form)

The steel form 10 is a steel form that has a geqmwtion (described later) for
placing the binding beam concrete 20. This stehfl10 is provided in each binding
beam 1 constituting a building and is disposedsstoacover the binding beam 1 from
below. As illustrated in the drawing, the steehfiolO of Embodiment 1 is formed by
a pair of (that is, two) Z-steels 11 being mutuatiyned in bottom plate portions 12
(described later) at a construction site. The mtio@ is not limited thereto, and the
steel form 10 may be integrally formed with a sexghember or may be formed by
three or more members being combined. In a caseenthree or more members are
combined as described above, for example, therallggormed members (the bottom

plate portion 12, a side plate portion 13, a flapggion 14, and a reinforcing portion
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15 to be described later) that constitute the 2Zisid may be formed separately.
Each of the pair of Z-steels 11 can be substaptathilar in configuration to the other,
and thus only one of the Z-steels 11 will be dé=adibelow. In a case where the
Z-steels 11 need to be distinguished from eachrothe Z-steel 11 that is positioned
on the right of the binding beam 1 (in the +X direw) will be referred to as "right
Z-steel" and the Z-steel 11 that is positioned lom left of the binding beam 1 (in the
-X direction) will be referred to as "left Z-steel” A specific method for forming the
steel form 10 will be described later.

[0031]

The Z-steel 11 is a frame member that constittitessteel form 10. As
illustrated in Fig. 1(b), the Z-steel 11 is a steehterial that has a substantially
Z-shaped axial cross section. The Z-steel 11 twiged with the bottom plate
portion 12, the side plate portion 13, the flangetipn 14, and the reinforcing portion
15.

[0032]

The bottom plate portion 12 is a steel plate pws#d on the bottom surface
of the steel form 10. The bottom plate portion H& a joining surface 16 for
mutually joining the respective bottom plate pamsol2 of the pair of Z-steels 11.
The pair of Z-steels 11 are joined to each othertlmn joining surface 16. For
example, in Embodiment 1, a part of the bottomepfadrtion 12 of the right Z-steel is
superposed on a part of the bottom plate portioonflihe left Z-steel and each of the
parts where the pair of Z-steels 11 are in contaitt each other (the upper surface of
the bottom plate portion 12 of the left Z-steel &nel lower surface of the bottom plate
portion 12 of the right Z-steel) is the joining fage 16. The joining on the joining

surface 16 can be performed by any specific methéehr example, in Embodiment 1,
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a plurality of bolt holes (not illustrated) are spd apart along the longitudinal

direction (+Y-Y direction) of the beam in the jang surfaces 16 of both Z-steels 11
and both Z-steels 11 are joined by bolt fastenypgnieans of the bolt holes. Specific
joining methods are not limited thereto. For exBmpvelding-based joining and

screw penetration-based joining may be performstead.

[0033]

The side plate portion 13 is a steel plate extapdn the upward direction
from the bottom plate portion 12. Specificallyetbide plate portion 13 is a part that
is folded back from the outer end of the bottomtelportion 12 and extends to the
upper end of the beam and is positioned so asuerdbe left and right sides of the
binding beam 1. The length of the side plate parti3 in the height direction (+Z-Z
direction) is longer, by the thickness of the bwottplate portion 12, in the left Z-steel
than in the right Z-steel. This is for the upped @ositions of the side plate portions
13 of both Z-steels 11 (that is, the height posgi®mf the flange portions 14) to
coincide with each other when the pair of Z-stddlsare overlapped.

[0034]

In the following description, the part that isfoed by the side plate portions
13 and the bottom plate portions 12 of a pair efsteel forms 10 and has a U-shaped
axial cross section will be referred to as groogdipn as necessary. Concrete can be
placed in the groove portion by the steel form d@ming the groove portion as
described above. The lower and side parts of ihéirg beam 1 are covered with a
steel plate by the groove portion, and thus itasgible to deter steam from escaping
from the lower and side parts of the binding beamccete 20 during a fire, it is
possible to deter a temperature rise in the roolovbéhe binding beam 1, and it is

possible to improve the fire resistance performasfdée binding beam 1.
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[0035]

The flange portion 14 is a steel plate extendmghe outward direction from
the upper end of the side plate portion 13. Sp=dly, the flange portion 14 is a part
that is folded back in the outward direction frdme upper end of the side plate portion
13 and extends along a horizontal plane, and a piatk 3 is placed and screwed on
the flange portion 14. Although a case where dieisk plate 3 is a known corrugated
steel plate will be described, the invention is limoited thereto and a flat plate may be
used as the deck plate 3. Although illustratioromsitted, the binding beams 1 are
arranged side by side at intervals along the logiial direction of a girder 2, one end
portion of the deck plate 3 is placed in the flapgetion 14 of one binding beam 1 as
illustrated in Fig. 1(b), and the other end portadrthe deck plate 3 is similarly placed
in the flange portion 14 of the binding beam 1 tlsaidjacent to the one binding beam
1. By the flange portion 14 being provided as dbsd above, the load of slab
concrete 4 (described later) can be received bylaéinge portion 14 and is allowed to
smoothly flow to the binding beam 1 and the prowméss of the binding beam 1 is
improved.

[0036]

The reinforcing portion 15 is a steel plate extegdin the downward
direction from the outer end of the flange portich By the reinforcing portion 15
being provided as described above and thicknesgylgven to the outer end of the
flange portion 14, the local buckling of the outsrd of the flange portion 14 that
pertains to a case where the slab concrete 4é¢ggland the flange portion 14 receives
the load of the slab can be deterred. In additiois, possible to reduce the overall
thickness of the steel form 10 by locally reinfoigionly a low-strength part by means

of the reinforcing portion 15. The reinforcing pon 15 of Embodiment 1 extends in
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the downward direction from the outer end of tl@fe portion 14. The invention is
not limited thereto and the reinforcing portion @ty extend in, for example, the
upward direction.
[0037]

(Configuration-Binding Beam Concrete)

The binding beam concrete 20 is concrete placetiengroove portion that
the pair of side plate portions 13 and the bottdatepportion 12 of the steel form 10
constitute. The binding beam concrete 20 is knoamcrete solidified after filling in
the groove portion, and the plurality of web opgsirtO are formed in the binding
beam concrete 20 as described above. The slabetercfor forming an upper floor
slab is formed along a horizontal plane above ihdibg beam concrete 20. Girder
concrete (reference numeral omitted) for forming tirder 2 is formed, so as to be
orthogonal to the binding beam 1, at the front aear ends of the binding beam
concrete 20. Although the binding beam concretet® slab concrete 4, and the
girder concrete are given different names and eefsg numerals, the binding beam
concrete 20, the slab concrete 4, and the girdecrete are simultaneously placed and
formed in Embodiment 1. The binding beam conceéethe slab concrete 4, and the
girder concrete will be simply referred to as "cate" when no distinguishment
among them is necessary.
[0038]

(Configuration-Main Bar)

The main bars 30 are rebars extending along tre¢ eanter direction of the
beam. Although two upper end bars and four lowed bars are illustrated as an
example in Embodiment 1, the number and dispositibthe main bars 30 are not

limited thereto.
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[0039]

(Configuration-Web opening)

The web opening 40 is a hole formed so as to pateethe side plate portion
13 and the binding beam concrete 20. The web opgetD is formed by, for example,
the side plate portion 13 and the binding beam @ac20 being drilled with a drill
after the binding beam concrete 20 placed in teeldbrm 10 is solidified. By the
web opening 40 being formed as described abovecaal piping for air conditioning,
electrical equipment, and so on can be passeddghrthe web opening 40 (a case
where a duct for air conditioning is passed throdlga web opening 40 will be
described below). Accordingly, the duct can beeeded from one of spaces
sandwiching the beam 1 (such as the space to dghe of the binding beam 1) to the
other thereof (such as the space to the left ofbihding beam 1) and the degree of
freedom of duct disposition is improved.

[0040]

The web opening 40 is formed in the web openimgniiog portion of the
binding beam 1. The "web opening forming portiema part where the web opening
40 penetrating the side plate portion 13 and thelibg beam concrete 20 can be
formed. Specifically, the "web opening forming pon" is a part where no rebar
(main bar 30 in Embodiment 1) is arranged (partretiee drill does not interfere with
the rebar when the web opening 40 is drilled witle drill). For example, in
Embodiment 1, the "web opening forming portionaipart above the lower main bar
30 (lower end bar) in the binding beam 1. The neindd the web openings 40 is six
and the web openings 40 are along the axial catlitection of the beam in the
illustration. The number of the web openings 40adslimited to six.

[0041]
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(Configuration-Girder Joining Portion)

The joining portion between the binding beam 1 @algirder 2 according to
Embodiment 1 will be described below. Fig. 2 is exploded perspective view
illustrating a temporary state during constructiorthe vicinity of the joining portion
between the binding beam 1 and the girder 2. Tércrete and the rebar that
constitute the binding beam 1 and the girder 2 raoe illustrated in Fig. 2 for
convenience of illustration. As illustrated in F@ a notch (hereinafter, referred to
as binding beam accommodating portion 2b) havistpape (hat shape) substantially
corresponding to the axial cross-sectional shapb@ebinding beam 1 is formed in a
side surface of a wooden form 2a of the girder @e&ding to Embodiment 1. The
binding beam 1 and the girder 2 can be formed atséime time by concrete being
simultaneously placed in the wooden form 2a ofginéer 2 and the steel form 10 with
the steel form 10 of the binding beam 1 fitted e binding beam accommodating
portion 2b. As illustrated in the drawing, notcheereinafter, referred to as flange
accommodating portions 2c¢) having the same widththas flange portion 14 are
formed on the left and right of the upper end o thinding beam accommodating
portion 2b. The flange portion 14 can be housedhi@ flange accommodating
portion 2c. In a case where the flange portion i44housed in the flange
accommodating portion 2c as described above, aegajvalent to the height of the
reinforcing portion 15 is formed below the flangerfoon 14. A sealing material 2d
(illustrated rectangular wood or the like) fillirigis gap is disposed for prevention of
concrete leakage from the gap.

[0042]
Temporary supports (not illustrated) may suppbd binding beam 1 until

concrete placement. The positions and number eftémporary supports may be
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appropriately changed in accordance with the leagthweight of the binding beam 1.
For example, one temporary support may be provideghe axial end portion, one
temporary support may be provided in the otherlaena portion, and one temporary
support may be provided in the axial middle portiohe steel form 10 is higher in
proof stress than the wooden form 2a, and thusetin@orary supports may be omitted
if the temporary supports are unnecessary in viéwhe length and weight of the
binding beam 1.

[0043]

(Method for Designing Steel Form)

Next, an example of a method for designing theldiem 10 according to
Embodiment 1 will be described. In the present @sitbent, the allowable bending
moment or the allowable shear force of the bindogam 1 is calculated by the
following Equation (1).

(Equation 1) E=Fre +B [Fs

F.: allowable bending moment or allowable shear farfckinding beam 1

Frc: allowable bending moment or allowable shear footebinding beam
concrete 20 (hereinafter, referred to as reinfomttrete ("RC") as necessary)

B: burden factor of allowable bending moment or aHble shear force of
steel form 10, which is 0.5 or less

Fs: allowable bending moment or allowable shear farfcsteel form 10
[0044]

(Method for Designing Steel Form-Method for DesimgnAllowable Bending
Moment)

This design method will be divided into an alloweabending moment design

method and an allowable shear force design metimoddascribed in further detail
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below. The allowable bending moment design methidldbe described first. The
allowable bending moment is designed after divisioto a long-term allowable
bending moment and a short-term allowable bendingment. The long-term
allowable bending moment is calculated by the fellg Equation (2). The
short-term allowable bending moment is calculatgdtie following Equation (3).
Fig. 3 is a view illustrating the relationship beewn the cross section of the binding
beam 1 and calculation parameters.

(Equation 2) | Ma= Mgc+ Bm [ Ms

(Equation 3)  sMa =sMgc + Bm [EMs

LMgc: long-term allowable bending moment of RC crossiea part (which
may be aJfi[jlin case where tensile rebar ratio of RC crossi@eds balanced rebar
ratio or less)

sMgc: short-term allowable bending moment of RC crassien part (which
may be dadfijlin case where tensile rebar ratio of RC crossi@eds balanced rebar
ratio or less)

a: tensile rebar cross-sectional area

Lfi: long-term allowable tensile stress of tensileareb

sfi: short-term allowable tensile stress of tensileare

J: stress center distance (j = (7B)

d: effective depth of cross section (distance fropper surface of binding
beam 1 to concrete bar arrangement)

LBwm: long-term steel frame bending burden effectivedaof 0.5 or less, 0.1
here

sBwm: short-term steel frame bending burden effectadr of 0.5 or less, 0.4

here

20



LMs: long-term allowable bending moment of S crosstisecpart (Ms

LOiZs)

sMg: short-term allowable bending moment of S crosgice part {Ms
sOt4s)

L0t long-term allowable tensile stress of steel fd@n

sOt: short-term allowable tensile stress of steel fa6n

Zs: section modulus of steel form 10
[0045]

An ultimate bending strength Mu is calculated g following Equation (4).

(Equation 4) M = Myrc + Mys

Murc ultimate bending strength of RC cross sectiont p@rc =
0.9@1.14f:[d)

a: tensile rebar cross-sectional area

sfi: short-term allowable tensile stress of tensileare

d: effective depth of cross section

Mys ultimate bending strength of S cross section @t = 1.1do:([Z,)

sOt: short-term allowable tensile stress of steel fadn

Zy: plastic section modulus of steel form 10
[0046]

The long-term allowable bending moment is an adlble bending moment
over a relatively long time (such as several yéarseveral decades). The short-term
allowable bending moment is an allowable bendingneit over a relatively short
time (such as several hours to several days). dllmevable bending moment is
calculated after the division into the two periods described above so that an

allowable bending moment suitable for each loadibgaatio is designed in view of
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the fact that the load bearing ratio of the RC #redsteel form 10 in the binding beam
1 can vary as the situation of loading on the bigdieam 1 can vary with the lengths
of the periods. In other words, it is assumed thatloading on the binding beam 1 is
relatively small in a relatively long time, and thit is assumed that the RC of the
binding beam 1 is maintained without breaking (beelower left cross section in Fig.
4 (described later)) and the load bearing ratidhef RC increases. In a relatively
short time, it is assumed that the loading on tindibg beam 1 is relatively large (for
example, the loading becomes relatively large bgrklift that carries a heavy object
passing through the binding beam 1), and thusassimed that the load bearing ratio
of the RC decreases as a result of cracking aloter end of the RC of the binding
beam 1 (see the lower left cross section in Figdéscribed later), as indicated by a
diagonal line in this cross section, it is assurtteat only approximately the upper
two-thirds of the slab part of the RC remains withoracking and bears the load). In
this regard, in the present embodiment, the loadibg ratio of the RC and the steel
form 10 in the binding beam 1 is expressed in EHqnat2 and 3 as a steel frame
bending burden effective fact@f;, and then this steel frame bending burden effectiv
factor By is given different values in the long-term and rslterm cases and the
allowable bending moment suitable for each loadibgaatio is designed as a result.
By adopting the design method, it is possible foudate a complex allowable bending
moment taking long-term and short-term loading a&itins into account and it is
possible to optimize the design of the binding bdam
[0047]

The steel frame bending burden effective fa@igrcan be calculated from a
bending rigidity ratioly, (= Esls/Eclc) of the RC and a bending rigiditysk of the

steel form 10. The bending rigidity rat{@ can vary with the plate thickness of the
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steel form 10 and the thickness of the slab coacfeattached to the binding beam 1
(hereinafter, referred to as "slab" as necessauy), thus an application restriction
range is set for each of the plate thickness okthel form 10 and the thickness of the
slab, the bending rigidity ratidy is calculated on the premise of the application
restriction range, and the steel frame burden g¥ed¢actorpy is determined from the
calculated bending rigidity rati@. Specifically, the plate thickness of the steehf

10 has an application restriction range of 3.2 mmmore. The load bearing ratio of
the steel form 10 increases as the plate thickoe$ise steel form 10 increases, and
thus a lower limit value of "3.2 mm" and applicaticestriction range setting "at or
above" the lower limit value allow the steel framaden effective factdBy to remain
above it insofar as the plate thickness of theldi@en 10 is determined in the
application restriction range. The thickness & $hab has an application restriction
range of 200 mm or less. The ratio of load beabygthe slab increases as the
thickness of the slab increases, and then the besding ratio of the steel form 10
decreases. Accordingly, an upper limit value di0'2nm" and application restriction
range setting "at or below" the upper limit valllewa the steel frame burden effective
factor By to remain above it insofar as the thickness ofdllad is determined in the
application restriction range.

[0048]

Fig. 4 is a graph showing the relationship betwtenthickness of the slab
and a long-term bending rigidity ratioly, and Fig. 5 is a graph showing the
relationship between the thickness of the slab astiort-term bending rigidity ratio
s(m. In each graph, the horizontal axis represengs tthckness of the slab, the
vertical axis represents the bending rigidity rafip (long-term bending rigidity ratio

L{m or short-term bending rigidity ratigfy), the solid line indicates a load of 3.2 tons,
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and the dotted line indicates a load of 4.5 torsis assumed that the cross-sectional
shape of the binding beam 1 is a standard cros®s€6.5 m in total length, 300 mm
in total width, and 550 mm in total height). A8 in Fig. 4, in the long term, the
long-term bending rigidity rati{y is approximately 0.12 at 200 mm, which is the
upper limit value of the application restrictiomge of the slab thickness, and thus the
long-term bending rigidity ratip{y was set to 0.1 in view of safety. As shown in.Fig
5, in the short term, the short-term bending rigyidatio s(v is approximately 0.49 at
200 mm, which is the upper limit value of the apation restriction range of the slab
thickness, and thus the short-term bending rigidatyo s(y was set to 0.4 in view of
safety. Then, calculation can be performed basethe long-term bending rigidity
ratio . {u of 0.1 and the short-term bending rigidity rag{@; of 0.4 and in accordance
with proof stress formula M= (1 +.{m)Mgc and steel frame bending burden effective
factor By = (v(Mrd/Ms). Here, Mkd/Ms is the allowable proof stress ratio between
the RC cross section and the steel form 10 apgWk is 1.35 in a case where the bar
arrangement of the RC cross section is 4-HD13 (fmiormed rebars (steel deformed
bars) having a yield point of 345 N/mm2 or moredl dne plate thickness of the steel
form 10 is 3.2 mm in the cross sections in Figsandl 5. Here, the steel frame
bending burden effective fact@{ was calculated using d4/Ms = 1.0 as a value of
safety side. As described above, in the presetibdiment, a simplified metho@ (
method) is used in which the restriction of theleggpion restriction range is applied
to the plate thickness of the steel form 10 andhiekness of the slab. Alternatively,
a detail method{( method) may be adopted in which the bending rigidatio {y is
set in accordance with each cross-sectional shapee (thickness of the steel form 10,
slab thickness, and bar arrangement) and the ft®le bending burden effective

factor By is calculated by using proof stress formulg #(1 +.{m)Mgrc. Here, the
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design formula is determined on the safety sid¢hap the design formula does not
become complicated (low iron burden rate being iseterms of design). As
confirmed by the inventor's experiment, the crassien part of the steel form 10 is
restrained by the RC cross section part and thel &6em 10 undergoes no lateral
buckling as a thin plate, and thus a tensile sthe@ssadopted as an allowable stress f
of the steel material of the steel form 10.

[0049]

(Method for Designing Steel Form-Method for Design Allowable Shear
Force)

Next, the allowable shear force design method Wwdl described. The
allowable shear force is designed after divisiao i@ long-term allowable shear force
and a short-term allowable shear force similarlythe above idea related to the
allowable bending moment. The long-term allowatilear force is calculated by the
following Equation (5) and the short-term allowalkear force is calculated by the
following Equation (6). The relationship betwedre tcross section of the binding
beam 1 and calculation parameters is as illustriat&dgy. 3.

(Equation 5) | Qa=0a [Ac Ofs+ Bo kAw [ Os

(Equation 6)  sQa=alAc Lkfs + Bo kAw [kOs

a: additional factor by shear span ratio (M)Q

Ac: shear effective cross-sectional area of RC porife: = Bljl+ 2[B,[)

Lfs: long-term allowable shear stress of concrete

sfs: short-term allowable shear stress of concrete

Bao: steel frame shear burden effective factor ofd.kess, 0.2 here

sAw: shear cross-sectional area of steel forms®AQ,(= 2tE[(H - 2[r))

ts: thickness of steel plate
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r: curvature radius of corner of Z-steel plate 11

LOs: long-term allowable shear stress of steel mdtefid-steel plate 11, 0s
= square root ofot/3)

sOs. short-term allowable shear stress of steel naltefiZ-steel plate 11s¢s
= square root ofot/3)

[0050]

The shear effective cross-sectional argaoAthe RC portion used in the shear
force calculation is the same cross section as hbineing beam 1 used in the
experiment as illustrated in Fig. 3 and the crasdisnal area of the slab on the flange
portion of the steel form 10 may also be included@he steel frame shear burden
effective factor3q in the shear force calculation formula can be iole from a shear
rigidity ratio (g of the steel form 10 indicated by the result & tliventor's experiment.
Fig. 6 is a graph showing the relationship betw#®n load that is applied to the
binding beam 1 and the shear rigidity ragipof the steel form 10, which pertains to a
case where the web opening (opening) 40 is abséng. 7 is a graph showing the
relationship between the load that is applied ® binding beam 1 and the shear
rigidity ratio (g of the steel form 10, which pertains to a casere/liee web opening
(opening) 40 is present. In each graph, the hotaaxis represents the applied load
and the vertical axis represents the shear rigraitip (o. As is apparent from Figs. 6
and 7, the shear rigidity ratiQo of the steel form 10 is substantially constant at
approximately 0.2 regardless of the presence aeratesof the web opening 40 and the
magnitude of the applied load. Accordingly, in theesent embodiment, the steel
frame shear burden effective facfas was obtained with shear rigidity rat{@ set to
0.2. The steel frame shear burden effective fa@@ris calculated fromBq =

(o(Qrd/Qs) by detail method {( method)-based proof stress formula © (1 +
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L(o)LQrc. Here, QdQs is the ratio between the shear capacity of thel $eem 10
and the RC cross section. r&Qsis 1.04 in a case where the cross-sectional sbiape
the binding beam 1 is a standard cross sectionn(6i® total length, 300 mm in total
width, and 550 mm in total height) and the thiclses the steel form 10 is 3.2 mm.
Here, the steel frame shear burden effective fa@tpof 0.2 was calculated using
Qrd/Qs = 1.0 as a value of safety side. Also in thisash@esign formula{g is
constant at 0.2 as the detail methddr(ethod) and obtainment is also possible from
equation Q = (1 +{o)Qrc Obtained from the allowable proof stress of the &@Gss
section. As with the bending design formula, hogrevhe steel frame burden
effective factor was clarified in the design for@ul
[0051]

As described above, the long-term steel frame ingnourden effective factor
LBm is 0.1 and the short-term steel frame bending dnueffective factogBy is 0.4 in
the design of the allowable bending moment. Indbsign of the allowable shear
force, the steel frame shear burden effective fa@gpis 0.2. Although the burden
factor 3 of the steel form 10 may be another value, theeufimit of the load bearing
ratio of the steel form 10 is set to 50% and thedbn factorf3 of the steel form 10 is
set to 0.5 or less for safety enhancement. Therdwit of the load bearing ratio of
the steel form 10 can be at least 10% in view efdhaphs in Figs. 6 and 7 and the
burden facto3 of the steel form 10 can be set to 0.1 or moreoweler, the steel
form 10 may be used only as a form of the bindiegrb concrete 20 and the steel
form 10 may be allowed to bear no load. In thisegcdahe burden factd of the steel
form 10 may be 0. By adopting the design methods ipossible to calculate a
complex allowable bending moment and a complexwallde shear force taking the

respective bearing ratios of the steel form 10 #radbinding beam concrete 20 into
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account and it is possible to optimize the desiigiihe binding beam 1.
[0052]

(Steel Form Forming Method)

Next, an example of the method for forming theekferm 10 according to
Embodiment 1 will be described. First, the Z-steklis manufactured at a factory.
The Z-steel 11 can be manufactured by any speuiéthod. For example, the Z-steel
11 can be formed by bending of one flat thin stpkte. Subsequently, the
manufactured Z-steel 11 is transported to a coostmu site. At this time, a plurality
of the Z-steels 11 can be transported in an over@pmanner, and thus it is possible
to transport more Z-steels 11 at one time tharhéendase of transporting the pair of
mutually joined Z-steels 11. Transport efficieremhancement can be achieved as a
result.

[0053]

The sealing material (small piece) 2d describetth weference to Fig. 2 may
be attached to the lower part of the flange porfidrby any method such as adhesion
before the transport. In this case, the strendththe flange portion 14 or the
reinforcing portion 15 can be enhanced by the sgataterial 2d and deformation of
the flange portion 14 or the reinforcing portion dtfributable to a load or an impact
during the transport can be prevented. For a ampurpose, a reinforcing material
(not illustrated) similar in shape to the sealingtemial 2d may be provided at a
predetermined interval below the flange portionot4 long reinforcing material (not
illustrated) resulting from extension of the seglmaterial 2d in the Y direction in Fig.
2 may be provided below the flange portion 14. IStginforcing materials may be
removed after the transport or may be permanemtigdf without removal. The

strength of the flange portion 14 or the reinfogciportion 15 can be reduced to the

28



same extent in a case where the strength of timgdlgortion 14 or the reinforcing
portion 15 can be improved by such a reinforcingemal being provided, and thus the
flange portion 14 and the reinforcing portion 15yniee reduced in thickness or the
dimension at which the reinforcing portion 15 exterirom the flange portion 14 may
be shortened.

[0054]

Next, the pair of Z-steels 11 transported to tbastruction site are joined
together and the steel form 10 is formed. Spedificas illustrated in Fig. 1(b), the
bottom plate portions 12 of the right Z-steel and lieft Z-steel are overlapped and, in
that state, a bolt may be inserted through anceriast in each of bolt holes (not
illustrated) formed at an appropriate interval fa bverlapping part of both bottom
plate portions 12. When both Z-steels are joinedhis manner, it is preferable to
attach a member for maintaining a constant intelpedlveen the respective side plate
portions 13 of the Z-steels 11. For example, éebgbositioned in the groove portion
and fixing the interval by propping the side platrtions 13 or a U-shaped veneer
board fitted to the outer edge shape of the grgmréon may be temporarily installed
and removed after both Z-steels 11 are joined ¢th ether.

[0055]

(Binding Beam Construction Method)

A method for constructing the binding beam 1 adow to Embodiment 1
will be described below. Fig. 8 is a set of cresstional perspective views
corresponding to the A-A arrow cross section in.Hi¢p). Fig. 8(a) illustrates the
binding beam 1 at the completion of a steel forstaliation step. Fig. 8(b) illustrates
the binding beam 1 at the completion of main baaregement, deck plate installation,

and placement steps. Fig. 8(c) illustrates thelibop beam 1 at the completion of a

29



penetration step.
[0056]

First, the steel form installation step is perfedras illustrated in Fig. 8(a).
In the steel form installation step, the steel fatth formed by the above-described
forming method is lifted by a heavy machine or thee and installed at a beam
construction position. In Embodiment 1, the instébn is performed such that an
end portion of the steel form 10 is connected wooden form 2a of the girder 2 as
illustrated in Fig. 2. For convenience of illugioa, the steel form 10 of the binding
beam 1 in Fig. 2 is illustrated as being tightly iin the notch (binding beam
accommodating portion 2b) of the wooden form 2ahaf girder 2. However, the
invention is not limited thereto. The binding beaeccommodating portion 2b may
be enlarged in the width direction so that insertd the steel form 10 into the binding
beam accommodating portion 2b is facilitated arelgpace between the steel form 10
and the binding beam accommodating portion 2b n&afilled with wood or the like
after the insertion of the steel form 10. Afteetlteel form 10 is installed as
described above, the steel form 10 is supportechégns of a temporary support so as
to be capable of enduring the subsequent conclaterpent.
[0057]

Subsequently, the main bar arrangement, deck piastallation, and
placement steps are performed as illustrated inStlg).
[0058]

The main bars 30 are arranged in the steel forminl@he main bar
arrangement step. Specifically, the main barsr@laasembled, lifted by means of a
heavy machine or the like, and dropped into anghatied in the groove portion.

Likewise, the main bars 30 (not illustrated) of theder 2 are dropped into and
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disposed in the wooden form 2a of the girder 2. enfhthe main bars 30 of the
binding beam 1 are bent in, for example, end postiand fixed to the main bars 30 of
the girder 2.

[0059]

The deck plates 3 are installed on the flangeiqust1l4 of the steel form 10
in the deck plate installation step. In the deldteinstallation step, the plurality of
deck plates 3 are placed on the flange portionsolds to bridge one binding beam 1
and another adjacent binding beam 1 and fixed éoflinge portions 14 by bolt
fastening or the like.

[0060]

In the placement step, the binding beam concrétes Dlaced in the groove
portion that is configured by the pair of side platortions 13 and the bottom plate
portion 12 of the steel form 10 installed in theeedt form installation step.
Specifically, in this placement step, concreteasined into the groove portion of the
steel form 10 while a vibrator is used for air bigbimixing prevention. As described
above, in Embodiment 1, concrete is simultaneopkyged in the wooden form 2a of
the girder 2 and on the deck plate 3, and theritnding beam 1, the girder 2, and the
slab are integrally formed.

[0061]

Subsequently, the penetration step is performedlesrated in Fig. 8(c).
Formed in the penetration step is the web openihgehetrating the steel form 10
installed in the steel form installation step ahd binding beam concrete 20 placed in
the placement step. Specifically, in this pena&irastep, the side plate portion 13 of
one Z-steel 11, the binding beam concrete 20, laaditde plate portion 13 of the other

Z-steel 11 are sequentially penetrated by meaas @xcavator (such as a known drill)
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after the concrete placed in the placement stelzesaa predetermined strength, and
the web opening 40 is formed as a result. Thenptbrality of web openings 40 are
formed by similar work being performed in a plunalof places of the beam. The
number of the web openings 40 may correspond todnaoer of ducts to be disposed.
[0062]

The size and the position of disposition of thebwapening 40 can be
determined similarly to general RC. For examplés ipreferable that the maximum
diameter of the web opening 40 is one-third or &she height of the binding beam 1
(dimension D in Fig. 3), the position of dispositiz other than the end portion of the
binding beam 1 (range to one-tenth of the totajtlerof the binding beam 1 and range
equivalent to twice the diameter of the web operdfgfrom the end portion of the
binding beam 1), and the interval between the ptyraf web openings 40 is at least
1.5 times the total value of the respective diansedé the web openings 40. The size
and the position of disposition of the web opendiigare not limited to the example
and can be determined in any manner insofar aseiipéred strength of the binding
beam 1 can be ensured.

[0063]

Lastly, a duct is passed through the web openthfprmed in the penetration
step. The passage of the duct (not illustrateghersormed by a known method and
will not be described in detail. This is the erdhe description of the binding beam
construction method according to Embodiment 1.

[0064]
(Effects of Embodiment 1)
As described above, in the binding beam 1 of Embedt 1, the binding

beam concrete 20 has an outer shell covered byt form 10, and thus it is

32



possible to suppress a decline in proof stressiaguhe formation of the web opening
40 in the side surface of the binding beam 1 ansl jitossible to reduce the labor and
cost entailed by separate reinforcing member attaci for forming the web opening

40.

[0065]

In addition, it is possible to calculate a compldbowable bending moment
and a complex allowable shear force taking theaetdpe bearing ratios of the steel
form 10 and the binding beam concrete 20 into agtand it is possible to optimize
the design of the binding beam 1.

[0066]

Since the outer shell of the binding beam conc2étés covered by the steel
form 10, the part where the web opening 40 carob@dd is not limited to the part of
reinforcing member attachment unlike in the reladed As a result, the degree of
freedom of the size and disposition of the web opeA0 can be enhanced.

[0067]

Since the flange portion 14 is provided, the lo&dhe slab supported by the
binding beam 1 can be received by the flange portid and is allowed to smoothly
flow to the binding beam 1 and the proof stresthefbinding beam 1 is improved.
[0068]

Since the reinforcing portion 15 is provided a¢ thuter end of the flange
portion 14, buckling of the flange portion 14 dirae when the binding beam concrete
20 is placed on the groove portion or the flangeipo 14 of the steel form 10 can be
suppressed by the reinforcing portion 15 and tlo®fpstress of the binding beam 1 is
improved.

[0069]
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(Embodiment 2)

Next, a binding beam according to Embodiment 2| Ve described.
Schematically, Embodiment 2 relates to a conswacthethod in which a cylindrical
form is pre-installed in the web opening formingtpm and a web opening is formed
in the place of cylindrical form installation by gteconcrete placement cylindrical
form removal. The configuration of the binding beaccording to Embodiment 2
after completion is substantially the same as tafiguration of the binding beam
according to Embodiment 1, and regarding the coméiion substantially the same as
the configuration of Embodiment 1, the same refegenumerals and/or names as
those used in Embodiment 1 are attached theretneasssary, and a description
thereof will be omitted. The following descriptiocovers a steel form forming
method and a binding beam construction method latiog to the binding beam
according to Embodiment 2. Description will be ayppiately omitted as to
procedures similar to those of Embodiment 1.

[0070]

(Steel Form Forming Method)

First, an example of the method for forming theesttorm 10 according to
Embodiment 2 will be described. First, the Z-steklis manufactured at a factory.
At this time, a circular hole 51 is formed in adearat a position corresponding to the
web opening forming portion in the Z-steel 11. other words, in Embodiment 2, the
circular hole 51 is provided at each of the possgi¢six places in total in the drawing)
in the side plate portion 13 of the Z-steel 11 tt@tresponds to the web opening 40
illustrated in Fig. 1(a) by means of any tool sasha cutting machine. Subsequently,
the Z-steel 11 having the circular holes 51 as rilesd above is transported to a

construction site, and then a pair of the Z-stéélsransported to the construction site
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are bolt-joined together. The steel form 10 isnfed as a result. The specific
method for the joining is similar to that of Embodint 1 and will not be described in
detail.
[0071]

(Binding Beam Construction Method)

The method for constructing a binding beam 50 mling to Embodiment 2
will be described below. Fig. 9 is a set of cresstional perspective views
corresponding to the A-A arrow cross section in.Hi¢p). Fig. 9(a) illustrates the
binding beam 50 at the completion of steel formtaligtion and cylindrical form
installation steps. Fig. 9(b) illustrates the bingdbeam 50 at the completion of main
bar arrangement, deck plate installation, and phece steps. Fig. 9(c) illustrates the
binding beam 50 at the completion of a penetradiep.

[0072]

First, the steel form installation and cylindridalrm installation steps are
performed as illustrated in Fig. 9(a). The steehf installation step is similar to that
of Embodiment 1 and will not be described in detail
[0073]

In the cylindrical form installation step, a cydimcal form 52 is inserted into
the circular hole 51 formed in the steel form 1@he axial length of the cylindrical
form 52 (length in the +X-X direction) exceeds thiglth of the groove portion of the
steel form 10 (length in the +X-X direction), andus both end portions of the
cylindrical form 52 protrude to the outside fronmethircular hole 51 as illustrated in
the drawing. Although the cylindrical form 52 mée hollow or solid and any
material can be used for the cylindrical form 58afar as the load of concrete can be

withstood, the case of a solid wooden form will described below. After the
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cylindrical form 52 is installed as described ahotiee gap between the outer
periphery of the cylindrical form 52 and the inpariphery of the circular hole 51 is
filled with a sealing material (not illustrated) cduas putty. Concrete leakage is
deterred as a result.

[0074]

Subsequently, the main bar arrangement, deck piast¢allation, and
placement steps are performed as illustrated in¥ig). The main bar arrangement,
deck plate installation, and placement steps catalréed out similarly to the main bar
arrangement, deck plate installation, and placersts according to Embodiment 1,
respectively. Accordingly, detailed descriptiorigh®e steps will be omitted.

[0075]

Subsequently, the penetration step is performediwrated in Fig. 9(c).
Formed in the penetration step is the web openlhgehetrating the steel form 10
installed in the steel form installation step ahd toncrete placed in the placement
step. Specifically, in this penetration step, tydindrical form 52 installed in the
cylindrical form installation step is removed tcetlutside of the binding beam 50
after the concrete placed in the placement stdzesaa predetermined strength. As
a result, the web opening 40 is formed at the mosivhere the cylindrical form 52
was present (web opening forming portion). In secahere the cylindrical form 52
Is given a hollow shape, a duct can be insertedutiit the hollow part of the steel
form 10, and thus the cylindrical form 52 may netdlemoved. In addition, a part of
the duct may be used as the cylindrical form 52.

[0076]
Lastly, a duct is passed through the web openihtprdmed in the penetration

step. The passage of the duct (not illustrateghersormed by a known method and
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will not be described in detail. This is the erfdilte description of the method for
constructing the binding beam 50 according to Entbedt 2.
[0077]

(Effects of Embodiment 2)

As described above, with the binding beam 50 ob&diment 2, it is possible
to form the web opening 40 simply by removing thglindrical form 52.
Accordingly, it is possible to simplify the work rfdorming the web opening 40 at a
construction site.

[0078]

[11] Modification Examples Regarding Embodiments

The embodiments according to the invention hawenlkescribed. However,
the specific configurations and means of the ineentan be modified and improved
in any manner within the scope of the technicahidéeach invention described in the
claims. Such modification examples will be desedlbelow.

[0079]

(Regarding Problems to be Solved and Effects wérition)

First of all, the problems to be solved by theeintton and the effects of the
invention are not limited to the above and may vavigh the details of the
implementation environment and configuration of tinention, and only some of the
problems described above may be solved and onlg sirthe effects described above
may be achieved in some cases.

[0080]
(Inter-embodiment Relationship)
The features of each embodiment and the featwesrding to each of the

following modification examples may be mutually lped or one feature may be
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added to another. For example, the web openinghdY be formed by the method
according to Embodiment 1 (with a drill or the |jka the position in the binding beam
50 where the web opening 40 is not formed aftetbihding beam 50 is formed by the
method according to Embodiment 2 (by pre-dispositd the cylindrical form 52 in
the web opening forming portion).

[0081]

(Regarding Dimensions and Materials)

The dimension, shape, material, ratio, and the ki each portion of the
binding beams 1 and 50 described in the detailsdrg®ion of the invention and the
drawings are merely examples, and any other dirmnaesshapes, materials, ratios, and
the like can be used as well. For example, thetfveew angle that is formed by the
side plate portion 13 and the bottom plate porti@ the front-view angle that is
formed by the side plate portion 13 and the flapgeion 14, and the front-view angle
that is formed by the flange portion 14 and thefacing portion 15 may be obtuse
angles or acute angles although each of the anglasright angle in each of the
embodiments as illustrated in Fig. 1(b).

[0082]

Fig. 10 is a set of views illustrating a state vehie Z-steel 11 is transported.
Fig. 10(a) is an end view illustrating the state tcdnsport of the Z-steel 11 of
Embodiment 1. Fig. 10(b) is an end view illusingtithe state of transport of a
Z-steel 11' according to a first modification exdep In a state where the plurality of
Z-steels 11 of Embodiment 1 are overlapped astiited in Fig. 10(a), H (hereinafter,
referred to as first overlap dimension) is an wérbetween one of straight lines
connecting a plurality of outermost portions on @ige of the Z-steel 11 and the

straight line that is parallel to the straight lewed passes through the outermost portion
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of the Z-steel 11 on the other side. As illustdate Fig. 10(b), the Z-steel 11' in
which each of the angle formed by the side platdigo 13 and the bottom plate
portion 12 and the angle formed by the side platéign 13 and the flange portion 14
IS an obtuse angle is assumed as the Z-steel t&rdaeg to the first modification

example, and in a state where a plurality of thetekls 11' are overlapped, H'
(hereinafter, referred to as second overlap dinoess an interval corresponding to
the first overlap dimension H. The second ovedapension H' is smaller than the
first overlap dimension H. Accordingly, transpatficiency improvement can be
achieved by the Z-steel 11' being formed as in Figb).

[0083]

Fig. 11 is a set of views illustrating the steminfi 10 according to a second
modification example. Fig. 11(a) is a plan viewtlo¢ steel form 10 that is yet to be
bent. Fig. 11(b) is a side view of the steel fatththat is bent. The pre-bending
steel form 10 may be formed as one flat steel @atas illustrated in Fig. 11(a). In
the steel plate 60, each of a boundary line L1 betwthe side plate portion 13 and the
bottom plate portion 12, a boundary line L2 betw#enside plate portion 13 and the
flange portion 14, and a boundary line L3 betwelea flange portion 14 and the
reinforcing portion 15 has a slit. The steel fakththat is illustrated in Fig. 11(b) can
be formed by bending each portion of the steekphéXin the slit by means of a known
device or the like. In this case, the steel fo®@miay be, for example, transported as
the flat steel plate 60 in Fig. 11(a). Accordinglye overlap dimension of the steel
form 10 in the state of transport decreases amptation efficiency improvement
can be achieved.

[0084]

Alternatively, the steel form 10 may be dividedane or more places in the
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longitudinal direction and joined at an installatisite. The position and place of
division of the steel form 10 can be determinedny manner. For example, the steel
form 10 may be divided into a plurality of unitspedole of being loaded on a transport
vehicle in terms of length. It is preferable tithé position of division is a place
where the moment that is applied to the post-jgnsteel form 10 is small. Any
joining method is applicable to the steel form I®@rmathe division. For example, a
pair of the steel forms 10 brought in touch witlcleather in the divided state may be
connected via a connection plate (not illustratea)vided on the outside surfaces of
the side plate portions 13 of the pair of steetrf®rl0. A drill screw, a bolt, or the
like can be used for fixing of the connection platethe side plate portion 13. In
addition, when the binding beam concrete 20 isqadn the post-joining steel form 10,
it is preferable to support the steel form 10 byngs temporary support at the joining
point of the steel form 10. By the divided struetbeing adopted as described above,
the manufacturing workability and the transportogéincy of the steel form 10 can be
improved. In addition, even the binding beam 1 ties a large span can be built by
joining of a plurality of the standard-span bindimgpms 1.

[0085]

(Regarding Girder Joining Portion)

Although a case where the girder 2 is a reinforcedcrete beam has been
described in each embodiment, the invention islmoted thereto and the girder 2
may be, for example, a steel-framed beam. Figsl® set of views illustrating the
vicinity of the joining portion between a bindingdm 100 and a girder 110 according
to a third modification example. Fig. 12(a) isight side view and Fig. 12(b) is a
cross-sectional view taken along arrow B-B in Rig(a). As illustrated in Fig. 12, in

the third modification example, the end portiontloé binding beam 100 in the axial
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center direction (+Y-Y direction) is joined to tlggrder 110, which is a steel-framed
beam. Here, a dustpan shaped member (dustpan meh2ehaving a substantially

U-shaped XZ cross section is joined by weldinghe like to the side surface of the
girder 110. The binding beam 100 and the gird€r ddn be joined together by the
steel form 10 of the binding beam 100 being accoduated in the dustpan shaped
member 120.

[0086]

Alternatively, the swallowing width of the bindingeam 1 in the girder 110
may be further increased. Fig. 13 is a set of gi@lustrating the vicinity of the
joining portion between the binding beam 1 anddhder 110 according to a fourth
modification example. Fig. 13(a) is a right sidew and Fig. 13(b) is a plan view.
As illustrated in Fig. 13, the girder 110 is coniigd as reinforced concrete and
disposed in the girder 110 are a plurality of thairmbars 30 disposed along the
longitudinal direction of the girder 110 and a 8b disposed in a direction orthogonal
to the longitudinal direction and surrounding tharality of main bars 30 (in Fig.
13(b), only the outermost main bars 30 in the Yechion are illustrated among the
main bars 30 for convenience of illustration). @tceh 111 for causing the girder 110
to swallow the tip of the binding beam 1 is formadhe place in the side portion of
the girder 110 that corresponds to the binding bdam The binding beam 1 is
disposed so as to be orthogonal to the girder htl)j@ined in part to the girder 110
via the notch 111. Specifically, the pair of smlate portions 13 of the binding beam
1 is accommodated in the girder 1 by a length MBich is equal to or greater than
the cover thickness of the girder 110, beyond tde surface of the girder on the
binding beam 1 side whereas the bottom plate poii®, the flange portion 14, and

the reinforcing portion 15 of the binding beam #&yshat a position where the end

41



surface on the girder 110 side is substantiallgtlwith the side surface of girder on
the binding beam 1 side. Here, the "cover thickhesthe thickness part of concrete
that reaches the rib 31 from the side surface efgihder 110 and is the thickness of a
dimension L11 in Fig. 13. It is possible to funthmprove the joining strength of the

binding beam 1 and the girder 110 by the girder ddédbmmodating the binding beam
1 to the extent of the length L10, which is equabt greater than the cover thickness
L11 of the girder 110, as described above.

[0087]

In the example illustrated in Fig. 13, in partauyl hairpin bars 17 are
swallowed by the girder 110. The hairpin bars & a plurality of rod-shaped bar
arrangements arranged side by side along the Xtaire For the pair of side plate
portions 13 swallowed by the girder 110 to be catedtto each other, the hairpin bars
17 are passed through the arrangement holes (Brenee numeral 13a in Fig. 16 to
be described later) formed in the pair of sidegfatrtions 13 and fixed by welding or
the like to the pair of side plate portions 13. é&MNhhe hairpin bar 17 is disposed at a
position closer to the Y-direction middle positioh the girder 110 than the rib 31
(position on the -Y direction side), in particultrg hairpin bar 17 and the pair of side
plate portions 13 surround the rib 31 at leastart.p In this structure, a movement of
the hairpin bar 17 in the +Y direction is regulatedthe rib 31, and thus it is possible
to further improve the joining strength of the himgl beam 1 and the girder 110 by
means of the bearing pressure of the hairpin batatal compressive force). In the
example illustrated in Fig. 13, it is assumed thathe pair of side plate portions 13,
only the height part that is minimum required faspobsition of a required number of
the hairpin bars 17 (three in Fig. 13) is accomnbedi@n the girder 110. Accordingly,

the unnecessary height part has a notch 18 forhexeih and notched. The binding
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beam 1 can be accommodated in the girder 110 bynaethod. For example,

concrete placement may be performed on the steml 1® and the form of the girder
110 in a state where the end portion of the sta®hfl0 is accommodated in the form
of the girder 110 via the notch portion 111 formmedhe form of the girder 110 and the
hairpin bar 17 is disposed to surround the rib Bleast in part and fixed to the side
plate portion 13.

[0088]

Alternatively, the pair of side plate portions hay be simply accommodated
in the girder 110 with the height as it is and withthe notch 18 being provided. Fig.
14 is a right side view illustrating the vicinityf ¢the joining portion between the
binding beam 1 and the girder 110 according tdth fodification example (in the
fifth modification example and sixth to eighth mficttion examples, places without
description are similar to those of the fourth nfiedtion example). As illustrated in
Fig. 14, in the binding beam 1, the pair of sidat@lportions 13 extend toward the
girder 110 with the height as it is and the pair sofle plate portions 13 are
accommodated in the girder 110 to the extent ehgth that is equal to or greater than
the cover thickness of the girder 110.

[0089]

Alternatively, a part of the pair of side platerfpans 13 and a bearing
pressure effective part may be swallowed by thdeginl10. Fig. 15 is a right side
view illustrating the vicinity of the joining podn between the binding beam 1 and the
girder 110 according to the sixth modification exden Fig. 16 is a perspective view
of an end portion of the steel form 10 of the bimdbeam 1 in Fig. 15. As illustrated
in Figs. 15 and 16, in the binding beam 1, the péiside plate portions 13 extend

toward the girder 110 with the height as it is dquart of the bottom plate portion 12 is
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notched along with a part of the reinforcing partitb and the flange portion 14 of the
steel form 10) and the pair of side plate porti@Bsare accommodated in the girder
110 to the extent of the length L10, which is eqtalor greater than the cover
thickness of the girder 110. In this structure,part of the binding beam 1
accommodated in the girder 110 needs to be prowid#da part receiving the bearing
pressure of the hairpin bar 17 (bearing pressuetefe part). The bearing pressure
effective part may vary with the desired bearingsgure. For example, the width of
the bearing pressure effective part is set to apprately 100 mm (= sum of an
X-direction width L12, 50 mm, of a part of the fgmportion 14 left without being cut
and an X-direction width L13, 50 mm, of a part bétbottom plate portion 12 left
without being cut). When the bearing pressurectffe part has such a width, the
possibility of interference with the rib 31 is loand thus smooth swallowing into the
girder 110 is possible.
[0090]

Alternatively, the part to be swallowed in thedgir 110 may be retrofitted.
Fig. 17 is a right side view illustrating the viginof the joining portion between the
binding beam 1 and the girder 110 according to S&eenth modification example.
As illustrated in Fig. 17, the pair of side platergions 13 in addition to the bottom
plate portion 12, the flange portion 14, and thefogcing portion 15 of the binding
beam 1 has an end surface on the girder 110 sigengtat a position substantially
flush with the side surface of the girder 110 om thinding beam 1 side. Here, a
joining plate 19 is fixed, by any method includiagdrill screw and a bolt, to the
outside surfaces of the pair of side plate portibBsand only the joining plate 19 is
accommodated in the girder 110 by the length L1iickvis equal to or greater than

the cover thickness of the girder 110, beyond ttle surface of the girder 110 on the
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binding beam 1 side. In this structure, it is netessary to perform processing such
as providing of a notch for the steel form 10 thas a complicated shape and the
joining plate 19 has only to be retrofitted in thide plate portion 13, which leads to

easy construction.

[0091]

The binding beams 1 disposed on both sides ofginder 110 may be
connected to each other. Fig. 18 is a side vikwtilating the vicinity of the joining
portion between each binding beam 1 and the gild€r according to the eighth
modification example. Fig. 19 is a plan view o§FiL8. As illustrated in Figs. 18
and 19, provided on both sides of the girder 11® the pair of binding beams 1
disposed along a direction orthogonal to the lardiital direction of the girder 110
and the pair of binding beams 1 are disposed atipos on the same straight line that
correspond to each other and brought in touch whth girder 110. The pair of
binding beams 1 are connected to each other vairpih bar 17’ fixed from above to
the flange 14. Even in a case where a tensilefrapplied to the binding beam 1 in
a direction away from the girder 110, the hairpar b7' in this structure is capable of
countering the tensile force.

[0092]

In each of the embodiments, the binding beam @ac20 and the girder
concrete are placed at the same time. Howeverntiention is not limited thereto
and the binding beam concrete 20 and the girdecrete» may be placed one by one.
In a case where the girder concrete is placed fostexample, the side surface of the
solidified girder concrete may be chipped into apsh (hat shape) substantially
corresponding to the axial cross-sectional shagheobinding beams 1 and 50 and the

binding beam concrete 20 may be placed after tkepention of the steel form 10 of
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each of the binding beams 1 and 50 is installedeathipped part.
[0093]

(Regarding Flange Portion)

Although the flange portion 14 is provided in eamhbodiment, the flange
portion 14 may be omitted and the steel form 10 rhayconfigured as a member
having a substantially U-shaped axial cross sectigdthough the flange portion 14
is provided at the upper end of the side plateipori3, the invention is not limited
thereto and the flange portion 14 may be provided position other than the upper
end (such as a position that is below the upperbsna predetermined distance (such
as several centimeters)).

[0094]

(Regarding Reinforcing Portion)

Although the reinforcing portion 15 is providedthe outer end of the flange
portion 14 in each embodiment, the reinforcing joortl5 may be omitted in a case
where the flange portion 14 is capable of endutirggload of concrete. In addition,
reinforcing means for further reinforcing the flangortion 14 may be provided in
addition to or instead of the reinforcing portiob. 1 For example, reinforcement may
be performed by means of a reinforcing steel pddfized to the upper surface or the
lower surface of the flange portion 14. The stgdate may be affixed through the
forward-rearward direction of the flange portion ddmay be intensively affixed only
to a part particularly requiring proof stress (swashthe vicinity of the middle of the
flange portion 14 in the forward-rearward direcjion
[0095]

Alternatively, the shape of the reinforcing pontid5 may be changed. Fig.

20 is a cross-sectional view corresponding to th& &row cross section in Fig. 1(a)
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and is a cross-sectional view of a steel form 2f18 binding beam 200 according to a
ninth modification example. As illustrated in F&Q, the steel form 210 is provided
with a second reinforcing portion 216. The secogidforcing portion 216 is a steel

plate extending from the lower end of a reinforcpgrtion 215 toward a side plate
portion 213. By the second reinforcing portion 2déing provided as described
above, the local buckling of the outer end of tlamde portion 14 that pertains to a
case where the slab concrete 4 is placed and geflportion 214 receives the load of a
slab can be more effectively deterred. In addjtibis possible to reduce the overall
thickness of the steel form 210 by locally reinfage only a low-strength part by

means of the second reinforcing portion 216.

[0096]

The second reinforcing portion 216 can be provieeanother aspect as well.
Fig. 21 is a cross-sectional view correspondinth®A-A arrow cross section in Fig.
1(a) and is a cross-sectional view of the steeinf@&l0 of the binding beam 200
according to a tenth modification example. In &xample illustrated in Fig. 21, the
second reinforcing portion 216 is formed by theeowgnd of the flange portion 214
being folded back toward the side plate portion 248 the reinforcing portion 215 is
omitted.

[0097]

(Regarding Z-steel)

In each embodiment, the pair of Z-steels 11 arerlapped with each other
and bolt-joined. Specific methods for the joiniag not limited thereto. Fig. 22 is
a set of cross-sectional views corresponding toAt#earrow cross section in Fig. 1(a).
Fig. 22(a) is a cross-sectional view of the steeinf 210 of the binding beam 200

according to an eleventh modification example. . Rg(b) is a cross-sectional view
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of a steel form 310 of a binding beam 300 accordiing twelfth modification example.
In other words, as illustrated in Fig. 22(a), thefaces of bottom plate portions 221 of
a pair of Z-steels 220 that are brought in toucthwach other may be used as joining
surfaces 222 and the surfaces may be joined byingeld Alternatively, as illustrated
in Fig. 22(b), end portions of bottom plate porsd@R1 of a pair of Z-steels 320 may
be folded back upward, the inside surface of thiddd part 322 may be combined as a
joining surface 323, and the folded part may bagdiby means of a caulking fitting
324 in that state. Alternatively, drill screw arsw driving may be performed from
below or above on the end portions of the bottoatepportions 321 of the pair of
Z-steels 320 so that the end portions are joinedaith other. In this case, the drill
screw or the screw may be allowed to protrude dayekample, approximately several
centimeters into the inner spaces of the pair steégls 220 so that the joining strength
between the Z-steel 220 and the binding beam cté(®placed in the inner space is
further enhanced.

[0098]

(Regarding Non-opening Member)

A point that has been described in each embodinseithat a temporary
member (member removed before concrete placemertf) ®s a batten and a
U-shaped veneer board is provided for fixing of thkative positions of the pair of
Z-steels 11 during the formation of the steel fakth (mutual joining of the pair of
Z-steels 11). A permanent member for fixing th&atree positions of the pair of
Z-steels 11 (member embedded without pre-concreteement removal, hereinafter,
referred to as non-opening member) may be providsigad of or in addition to the
temporary member. Fig. 23 is a set of cross-seatisiews corresponding to the A-A

arrow cross section in Fig. 1(a). Fig. 23(a) iifates a steel form 410 of a binding
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beam 400 according to a thirteenth modificationnegle. Fig. 23(b) illustrates a

steel form 510 of a binding beam 500 according touateenth modification example.

In other words, a non-opening member 422 may begiged for connection between

flange portions 421 of a pair of Z-steels 420 dssitated in Fig. 23(a) or a

non-opening member 522 may be provided for conoedietween side plate portions
521 of a pair of Z-steels 520 as illustrated in.FA§(b). When the relative positions
of the pairs of Z-steels 420 and 520 are fixed ®ans of the non-opening members
422 and 522, it is possible to prevent the pairg-steels 420 and 520 from mutually
opening outward due to the weight of the bindingarbeconcrete 20 after the

placement of the binding beam concrete 20.

[0099]

The non-opening member 522 illustrated in Fig.b23(n particular, is
preferably provided in the range (range of the disn@n L12 in Fig. 23(b)) from the
upper end positions of the pair of side plate pogito the position that is below the
upper end positions by one-third of the heighthef pair of side plate portions. In a
case where the pairs of Z-steels 420 and 520 leby lto mutually open outward, the
side plate portion 13 is likely to pivot to the sidie with the boundary between the
bottom plate portion 12 and the side plate portidhas a fulcrum, and thus the
distance between the pair of side plate portiontehds to increase as the upper end of
the side plate portion 13 is approached. By the-opening member 522 being
provided in the above-described range, howeveryrétaive positions of the pair of
side plate portions 13 can be fixed at a posit@atively close to the upper ends of the
pair of side plate portions 13, and thus the mutudvard opening of the pair of side
plate portions 13 can be more effectively preventedn in a case where the

non-opening member 522 is provided at a positidavio¢he range.
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[0100]

(Regarding Main Bar Arrangement Step)

In each embodiment, the main bar arrangement istgerformed after the
steel form installation step. However, the inventis not limited thereto and the
steel form installation step may be performed dftermain bar arrangement step. At
this time, the main bar 30 is disposed first inti&@n bar arrangement step, the pair of
Z-steels 11 are disposed so as to cover the mair3®drom below, and in a state
where the bottom plate portions 12 of the pair eft&els 11 overlap each other, a bolt
being inserted from below through the bottom platetion 12 and thereby the pair of

Z-steels 11 may be joined to each other.

[0101]
(Notes)

A steel-framed concrete beam according to noteoinprises: a steel form
having a bottom plate portion and a pair of sid&elportions extending upward from
both ends of the bottom plate portion; and concygteced in a groove portion
configured by the bottom plate portion and the pédiside plate portions of the steel
form.

[0102]

The steel-framed concrete beam according to noie the steel-framed
concrete beam according to note 1, wherein an aldevbending moment or an
allowable shear force of the steel-framed condoei@m is calculated by Equation (1)
below: (Equation 1) = Frc + 3 [Fs wherein, E an allowable bending moment or an
allowable shear force of the steel-framed concbet@m, kc: an allowable bending

moment or an allowable shear force of the concfeta,burden factor of an allowable
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bending moment or an allowable shear force of teel $orm, which is 0.5 or less, and
Fs: an allowable bending moment or an allowable sk&ae of the steel form.
[0103]

The steel-framed concrete beam according to noie e steel-framed
concrete beam according to note 1 or 2, whereiara gf the steel-framed concrete
beam is joined to a girder, and the steel formresigded with an end portion on the
girder side in a longitudinal direction of the dtem, accommodated in the girder via
a notch formed in a side surface of the girder, laamdng a length equal to or greater
than a cover thickness of the girder.

[0104]

The steel-framed concrete beam according to noie the steel-framed
concrete beam according to any one of notes 1 wh8rein the side plate portion and
the concrete have a web opening forming portioomatig formation of a web opening
penetrating the side plate portion and the concrete
[0105]

The steel-framed concrete beam according to noie the steel-framed
concrete beam according to any one of notes 1 twhéyein a non-opening member
for fixing the pair of side plate portions to eaatfer is provided in a range from an
upper end position of the pair of side plate pogito a position below the upper end
position by one-third of a height of the pair adeiplate portions.

[0106]

The steel-framed concrete beam according to nois the steel-framed
concrete beam according to any one of notes 1 whBrein the steel form is provided
with a flange portion extending outward from an epend of the side plate portion.

[0107]
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The steel-framed concrete beam according to noie the steel-framed
concrete beam according to note 6, wherein thel $tgen is provided with a
reinforcing portion extending downward or upwardnfr an outer end of the flange
portion.

[0108]

A method for constructing a steel-framed conctetam according to note 8
comprises: a steel form installation step of instgla steel form having a bottom plate
portion and a pair of side plate portions extendupyvard from both ends of the
bottom plate portion; and a placement step of paoncrete in a groove portion
configured by the bottom plate portion and the pédiside plate portions of the steel
form installed in the steel form installation step.

[0109]

The method for constructing a steel-framed coedoetam according to note 9
is the method for constructing a steel-framed cetectboeam according to note 8,
wherein an allowable bending moment or an allowablkear force of the steel-framed
concrete beam is calculated by Equation (1) bel@guation 1) = Frc + B OFs
wherein, K an allowable bending moment or an allowable shieace of the
steel-framed concrete beankcFan allowable bending moment or an allowable shear
force of the concrete}: a burden factor of an allowable bending momentaor
allowable shear force of the steel form, which iS Or less, and 4 an allowable

bending moment or an allowable shear force of teel $orm.

(Advantageous Effects of Notes)
[0110]

According to the steel-framed concrete beam awcgrdo note 1 or the
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method for constructing a steel-framed concretanbaacording to note 8, since an
outer shell of the concrete is covered by the steeh, it is possible to suppress a
decline in proof stress during the formation of @wopening in the side surface of the
beam and it is possible to reduce the labor antl @usiled by separate reinforcing
member attachment for forming the web opening.

[0111]

According to the steel-framed concrete beam adegrdo note 2 or the
method for constructing a steel-framed concretembe&cording to note 9it is
possible to calculate a complex allowable bendirggnent and a complex allowable
shear force taking the respective bearing ratiohefsteel form and the concrete into
account and it is possible to optimize the desiigine steel-framed concrete beam.
[0112]

According to the steel-framed concrete beam aaggrdo note 3, it is
possible to further improve the joining strengthadbinding beam and a girder by the
girder accommodating the binding beam to the exténhe length, which is equal to
or greater than the cover thickness of the girder.

[0113]

According to the steel-framed concrete beam aaegrtb note 4, since the
web opening can be formed in the web opening fogrpiortion, piping and wiring and
so on can be passed through the web opening, antbtivenience of the steel-framed
concrete beam can be enhanced. In particulare sincouter shell of the concrete of
the steel-framed concrete beam is covered by #e $rm, a part where the web
opening can be formed is not limited to a partedhforcing member attachment unlike
in the related art, and the degree of freedom efdize and disposition of the web

opening can be enhanced.
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[0114]

According to the steel-framed concrete beam adcgrdo note 5, since
relative positions of the pair of side plate pansacan be fixed at a position relatively
close to the upper end position of the pair of gukte portions, mutual outward
opening of the pair of side plate portions can lareffectively prevented than in a
case where the non-opening member is providegasiion below this range.

[0115]

According to the steel-framed concrete beam aaegrtb note 6, since the
flange portion is provided, load of a slab suppbiig the steel-framed concrete beam
can be received by the flange portion and is altbwe smoothly flow to the
steel-framed concrete beam and proof stress ofstbel-framed concrete beam is
improved.

[0116]

According to the steel-framed concrete beam adegrtb note 7, since the
reinforcing portion is provided at the outer endtlud flange portion, buckling of the
flange portion at a time when the concrete is glame the groove portion or the flange
portion of the steel form can be suppressed byréh®orcing portion and the proof

stress of the steel-framed concrete beam is implrove

Reference Signs List

[0117]
1 Binding beam
2 Girder
2a Wooden form
2b Binding beam accommodating portion
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2C

2d

10

11, 11°
12

13
13a
14

15

16
17,17
18

19

20

30

31

40

50

51

52

60
100

110

Flange accommodating portion
Sealing material
Deck plate

Slab concrete

Steel form

Z-steel

Bottom plate portion
Side plate portion
Arrangement hole
Flange portion
Reinforcing portion
Joining surface
Hairpin bar

Notch

Joining plate
Binding beam concrete
Main bar

Rib

Web opening
Binding beam
Circular hole
Cylindrical form
Steel plate

Binding beam

Girder
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111 Notch

120 Dustpan shaped member
200 Binding beam

210 Steel form

213 Side plate portion
214 Flange portion

215 Reinforcing portion
216 Second reinforcing portion
220 Z-steel

221 Bottom plate portion
222 Joining surface

300 Binding beam

310 Steel form

320 Z-steel

321 Bottom plate portion
322 Folded part

323 Joining surface

324 Caulking fitting

400 Binding beam

410 Steel form

420 Z-steel

421 Flange portion

422 Non-opening member
500 Binding beam

510 Steel form
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520

521

522

Z-steel
Side plate portion

Non-opening member
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CLAIMS

1. A steel-framed concrete beam comprising:

a steel form having a bottom plate portion and a pair of side plate portions extending

upward from both ends of the bottom plate portion; and

concrete placed in a groove portion configured by the bottom plate portion and the pair
of side plate portions of the steel form,

wherein an allowable bending moment or an allowable shear force of the steel-framed
concrete beam is calculated by Equation (1) below:

F . =Frc +B'Fs (Equation 1)

wherein,

Fa: an allowable bending moment or an allowable shear force of the steel-framed

concrete beam,

Frc: an allowable bending moment or an allowable shear force of the concrete,

B: a burden factor of an allowable bending moment or an allowable shear force of the

steel form, which is 0.5 or less, and

Fs: an allowable bending moment or an allowable shear force of the steel form.

2. The steel-framed concrete beam according to claim 1, wherein
a part of the steel-framed concrete beam is joined to a girder, and
the steel form is provided with an end portion on the girder side in a longitudinal

direction of the steel form, accommodated in the girder via a notch formed in a side surface of

the girder, and having a length equal to or greater than a cover thickness of the girder.
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3. The steel-framed concrete beam according to claim 1, wherein the side plate portion
and the concrete have a web opening forming portion allowing formation of a web opening

penetrating the side plate portion and the concrete.

4, The steel-framed concrete beam according to claim 1, wherein a non-opening member
for fixing the pair of side plate portions to each other is provided in a range from an upper end
position of the pair of side plate portions to a position below the upper end position by one-
third of a height of the pair of side plate portions.

5. The steel-framed concrete beam according to claim 1, wherein the steel form is
provided with a flange portion extending outward from an upper end of the side plate portion.

6. The steel-framed concrete beam according to claim 5, wherein the steel form is
provided with a reinforcing portion extending downward or upward from an outer end of the
flange portion.

7. A method for constructing a steel-framed concrete beam comprising:

a steel form installation comprising installing a steel form having a bottom plate portion
and a pair of side plate portions extending upward from both ends of the bottom plate portion;
and

a placement comprising placing concrete in a groove portion configured by the bottom
plate portion and the pair of side plate portions of the steel form installed in the steel form

installation,

wherein an allowable bending moment or an allowable shear force of the steel-framed

concrete beam is calculated by Equation (1) below:

Fa =Frc +B-Fs (Equation 1)

wherein,

Fa: an allowable bending moment or an allowable shear force of the steel-framed

concrete beam,

Frc: an allowable bending moment or an allowable shear force of the concrete,
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B: a burden factor of an allowable bending moment or an allowable shear force of the

steel form, which is 0.5 or less, and

Fs: an allowable bending moment or an allowable shear force of the steel form.
8. The steel form according to claim 1, wherein a joining surface of the bottom plate
portion is formed by superposing a part of the bottom plate portion of a first of a pair of frame

members of the steel form and a part of the bottom plate portion of a second of the pair of

frame members over each other.
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