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(54) BEAM‑COLUMN JOINT STRUCTURE

(57) A beam-column joint structure (1) including: a
column (11) and an I-beam (212) with a pair of beam
flanges (216) of the I-beam joined directly to joint plates
(16) of the columnmain body via a welded section (218);
wherein at the intersect position (P1), the ratio of the full
plastic strength of the column relative to the full plastic

strength of the beam is 1.5 or more and 3.0 or less, and
the ratio of the full plastic strength of the beam relative to
the full plastic strength of a portion (17a) of the column in
the rangeof theheight of thebeam in the vertical direction
is 1.05 or more and 1.5 or less.
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Description

TECHINICAL FIELD

[0001] Thepresent invention relates toabeam-column
joint structure.

BACKGROUND ART

[0002] TheNorthridge earthquake occurred in the Uni-
ted States of America in 1994. A beam-column joint
structure 200 as in FIG. 20 was being used prior to the
Northridge earthquake (see Non-Patent Document 1). In
other words, the beam-column joint structure 200 in-
cludes columns 201 and beams 211. The column 201
includesacolumnmainbody202composedofan I-beam
for columns, a pair of stiffeners (diaphragms, first rein-
forcement plate, continuity plate) 203, and a shear plate
204. Thecolumnmain body202 includes apair of column
flanges 206, a web for column 207, and extends in a
vertical direction. Each stiffener 203 is a horizontal stif-
fener and is arranged along a horizontal plane. Each
stiffener 203 is arranged in the vertical direction at the
same position as a pair of beam flanges 216 described
below on the beam 211. Each stiffener 203 is welded
respectively to a pair of column flanges 206 and aweb for
column 207 of the column 201 (column main body 202)
using a welded section 208 formed by welding. A shear
plate 204 is joined to a column flange 206 of the column
201 by welding or the like.
[0003] The beam 211 has an I-beam (I-beam) 212 and
a pair of backing bars 213. The I-beam 212 is an I-beam
defined by, for example, JIS (Japanese Industrial Stan-
dards)G3192: 2014 form, dimensions,massof hot rolled
steel, and their tolerances (hereinafter simply referred to
as JISG3192). The I-beam212 includes thepair of beam
flanges 216 and the beam web 217. The pair of beam
flanges 216 are arranged so as to face each other in the
vertical direction. Of the pair of beam flanges 216, the
beam flange 216 arranged above is an upper flange
216A, and thebeamflange216arrangedbelow is a lower
flange 216B.
[0004] Each beam flange 216 is joined to the column
flange 206 of the column main body 202 by a welded
section 218 with a backing bar 213 attached below the
beamflange 216. The beamweb 217 and the shear plate
204 are mutually connected to each other by fastening
members 219 such as high-strength bolts. Note that the
beam web 217 may be connected by welding in addition
to theconnectionby theshearplate204and the fastening
members219. Inaddition, thebeamweb217mayalsobe
weldeddirectly to thecolumnflange206.Thecolumn201
and the beam 211 are connected together by a joint
section 222 in the beam-column joint structure 200.
The joint section 222 is a so-called pre-Northridge joint
section. Here, a section in the vertical direction in the
range of the beam 211 on the web for column 207 is
defined as a joint section panel 207a.

[0005] As illustrated in FIG. 21, there are Type A to
Type D failure modes corresponding to cracks repre-
sented by lines LA, LB, LC, and LD of the beam-column
joint structure 200 due to the Northridge earthquake.
Types A and B depend on the fracture toughness in
the direction (Z direction) in which the column flange
206 is torn parallel to the main surface of the column
flange 206. In Type C, the crack line LC propagates and
penetrates through the beam flange 216. Type D de-
pends on the fracture toughness in the direction (L direc-
tion) dividing the column flange 206 in the material axial
direction (longitudinal direction).
[0006] As illustrated in FIG. 22, Type D is also induced
by local bending deformation of the column flange 206
due to shear deformation of the joint section panel 207a.
In addition, a pair of beams 211 are joined to the column
201 in a beam-column joint structure 200A illustrated in
FIG. 22. Local kink deformation occurs respectively in a
range R1 portion of the column flange 206 of the column
201 and a rangeR2 portion of the beam flange 216 of the
beam 211. The portions within these ranges R1 and R2
are portions where local bending deformation occurs. In
this manner, except for Type C, all of them show that
cracks were generated and propagated at the slit formed
between the backing bar 213 of the lower flange 216B
and the column 201.
[0007] Thebeam-column joint structureused incurrent
earthquake-resistant structures inEuropeand theUnited
States is based on the failure mode at the joint section
222 of the beam-column joint structure 200 in the North-
ridge earthquake. The detail structure of the joint section
is determined to withstand a plurality of cycles of defor-
mation. As a specific detailed structure, as illustrated in
FIG. 23, it ismandatory for a beam-column joint structure
200B to take the following measures (1) to (3).

(1) The column 201 is reinforced with the stiffener
203.
(2) The joint section panel 207a of the column 201 is
reinforced with a doubler plate (second reinforce-
ment plate) 225 so as to thicken the web of the
column 207.
(3) After welding the end portion of a beam 211A on
site, the backing bar 213 attached to the lower flange
216B of the beam 211A is removed and reinforce-
ment welding is performed. In otherwords, the beam
211A does not have the backing bar 213 around the
lower flange216B ineachconfigurationof beam211.
The doubler plate 225 is provided on the column 201
and joined to the joint section panel 207a.

[0008] A joint section 222A between the column 201
and the beam 211A is a so-called Post-Northridge joint
section. The joint section 222A is a joint section for
preventing Type A to Type D failures. The measures
(1) and (2) suppress theplastic deformationof thecolumn
flange206and the joint section panel 207a. For example,
an arc gougingmethod is used to remove the backing bar
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213 in measure (3). Reinforcement welding is performed
upward from below the removed portion at the portion
where the backing bar 213 is removed. Reinforcingweld-
ing eliminates slits that becomeastarting point for failure.
These countermeasures are effective countermeasures
for preventing early brittle fracture when using a steel
material with relatively low fracture toughness in the Z
direction and the L direction for the column flange 206.

Prior Art Documents:

[0009] Non-Patent Document 1: Masayoshi Nakashi-
ma, "Behavior and Comparison of Damage to Beam-to-
Column Connections of Steel Building Structures Ob-
served in the U.S. Northridge and Hyogoken-Nanbu
Earthquakes", [online], April 1996, Disaster Prevention
Research Institute, Kyoto University Annual Report, No.
39, B‑1, [searched on August 3, 2020], Internet
<http://www.dpri.kyoto-u.ac.jp/nenpo/no39/39
b1/a39b1p02.pdf>

SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0010] However, in the joint section 222Aofthe beam-
column joint structure 200B, all the energy due to the
seismic external force is absorbed by plastic deformation
of thebeam211A, so theultimateperformanceof the joint
section 222Ais limited by the local buckling of the beam
211A. In addition, the reinforcement with stiffeners and
doubler plates and removal of backing bars imposes a
heavy load on factory production and on-site construc-
tion, and is a factor in reducing the productivity for archi-
tectural steel frames. On the other hand, ensuring the
structural stability of buildings in which beam-column
joint structures are used is desirable.
[0011] In light of the foregoing, an object of the present
invention is to ensure the structural stability of a building
in which a beam-column joint structure is used, and to
provide a beam-column joint structure having joint sec-
tions with high energy absorption performance.

MEANS FOR SOLVING THE PROBLEM

[0012] In order to solve the above problems, the pre-
sent invention proposes the following means.

(1) An aspect 1 of the present invention is a beam-
column joint structure, comprising:

a column having a column main body compris-
ing an I-beam of the column, or a square steel
tubing, or a weld assembled box cross-section;
and
a beam comprising an I-beam where a pair of
beam flanges of the I-beam are respectively
joined directly to joint plates of the column main

body via a welded section; wherein
the joint plate is a column flange of the I-beam of
the column or a flat plate part of the square steel
tubing or weld assembled box cross-section,
with the intersect position specified as the posi-
tion where the center axis of the column main
body and the center axis of the I-beam intersect,
the ratio of the full plastic strength of the column
relative to the full plastic strength of the beam at
the intersect position is 1.5 or more and 3.0 or
less, and
at the intersect position on a web for column of
the column main body comprising the I-beam of
the column or the flat plate part extending in the
longitudinal direction of the beam on the column
main body comprising the square steel tubing or
weld assembled box cross-section, the ratio of
the full plastic strengthof thebeamrelative to the
full plastic strength of the portion in the height
range of the beam in the vertical direction is 1.05
or more and 1.5 or less.

[0013] With the present invention, as a result of ex-
tensive studies, the inventors have found that in order to
improve the energy absorption performance of the joint
section between the column and the beam in the beam-
column joint structure, the energy acting on the beam-
column joint structure must be absorbed not only in the
beam but also by the joint section panel. In particular, a
configuration where the joint section panel, for which
stable yield strength increase after plastification can be
anticipated as long as the column flange does not break,
yields first, and then in conjunction with an increase in
yield strengthof the joint sectionpanel due to yielding, the
beamalso yields, is preferable. In otherwords, the beam-
panel strength ratio, which is the ratio of the full plastic
strength of the beam relative to the full plastic strength of
the joint section panel, should be 1.05 ormore so that the
joint section panel yields first.
[0014] In addition, the yield strength of the joint section
panel can be expected to increase to about 1.5 times the
full plastic strength due to strain hardening due to re-
peated plastic deformation. In other words, by setting the
beam-panel strength ratio to 1.5 or less, not only the joint
section panel but also the beam can be plastified in the
process of increasing the yield strength after initial yield-
ing of the joint section panel and energy acting on the
beam-column joint structure can be absorbed by both the
beam and the joint section panel. Therefore, the energy
absorption performance at the joint section between the
column and the beam can be increased.
[0015] On the other hand, in order to ensure the struc-
tural stability of the building in which the beam-column
joint structure is used, it is necessary to prevent the
collapse of buildings provided with stories due to yielding
of the columns. Therefore, the column needs to be suffi-
ciently strong relative to the beam. Considering the in-
crease in the yield strength after plastification of the
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beam, the column-beam strength ratio, which is the ratio
of the full plastic strength of the column relative to the full
plastic strength of the beam, is preferably 1.5 or more. In
order to prevent the column from having excessive per-
formance and being economically unreasonable, the
column-beam strength ratio is preferably suppressed
to roughly 2.5 to 3.0 or less.
[0016] As described above, by setting the beam-panel
strength ratio to 1.05 or more and 1.5 or less and the
column-beam strength ratio to 1.5 or more and 3.0 or
less, the structural stability of the building using the
beam-column joint structure can be achieved and the
beam-column joint structure can be provided with joint
sections having high energy absorption performance.
[0017] (2) An aspect 2 of the present invention may be
the beam-column joint structure according to (1), further
including:

a backing bar joined to a lower flange arranged on
the lower of the pair of beam flanges and to the joint
plate, respectively, via the welded section; wherein
an upper surface of the backing bar has a bevel
formed that going downward gradually approaches
the joint plate, and
the welded section is formed in the bevel as well.

[0018] With the present invention, the portion of the
connection surface between the backing bar and the
welded section that is joined to the joint plate is not
perpendicular to the plate to be joined but is inclined.
Therefore, for example, due to a load such as a bending
moment acting on the beam, strain concentration at the
tip of the slit generated at the boundary between the joint
plate and the backing bar can bemitigated, and the tip of
the slit can beused to suppress thepropagation of cracks
toward the welded section or joint plate (base material of
the joint plate).
[0019] (3) An aspect 3 of the present invention may be
the beam-column joint structure according to (1) or (2),
where at ‑20°C, the Charpy absorbed energy vE‑20(S) in
the plate thickness direction of the joint plate is 35 J or
more.
[0020] With the present invention, the toughness in the
plate thickness direction of the joint plate at ‑20° C is
increased by a certain level or more. In general, the
higher the temperature of the joint plate, the higher the
toughness of the joint plate. Since the toughness of the
joint plate is even higher at the temperature at which the
plate is actually used, it is possible to suppress the
breakage of the joint plate in the plate thickness direction
even when the joined plate is directly joined to a pair of
beam flanges of an I-beam provided on the beam via a
welded section.
[0021] (4) An aspect 4 of the present invention may be
the beam-column joint structure according to one of from
(1) to (3), where at 0°C, the Charpy absorbed energy
vE0(S) in the plate thickness direction of the joint plate is
47 J or more.

[0022] With the present invention, the toughness in the
plate thickness direction of the joint plate at 0° C is
increased by a certain level or more. In general, the
higher the temperature of the joint plate, the higher the
toughness of the joint plate. Since the toughness of the
joint plate is even higher at the temperature at which the
plate is actually used, it is possible to suppress the
breakage of the joint plate in the plate thickness direction
even when the joined plate is directly joined to a pair of
beam flanges of an I-beam provided on the beam via a
welded section.
[0023] (5) An aspect 5 of the present invention may be
the beam-column joint structure according to any one of
from (1) to (4), where a first reinforcement plate arranged
at the same position as the pair of beam flanges in the
vertical direction and joined to the column main body is
not provided.
[0024] With the present invention, since the column
doesnot have the first reinforcement plate that is joined to
the column main body, the column can be constructed
relatively easily.
[0025] (6) An aspect 6 of the present invention may be
the beam-column joint structure according to any one of
from (1) to (5), where a second reinforcement plate is
joined to the web for column or the flat plate part for
increasing thickness of the web for column or where the
flat plate part is not provided.
[0026] With the present invention, since the column
does not have the second reinforcement plate that is
joined to the web for column, the column can be con-
structed relatively easily.

EFFECT OF THE INVENTION

[0027] In the beam-column joint structure of the pre-
sent invention, structural stability of a building in which
the beam-column joint structure is used can be ensured,
and a beam-column joint structure having joint sections
with high energy absorption performance can be pro-
vided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028]

FIG. 1 is a perspective view of amain part of a beam-
column joint structure according to an embodiment
of the present invention;
FIG. 2 is an enlarged view of the A1 section in FIG. 1;
FIG. 3 is a diagram illustrating the shape of a Charpy
test piece,where (A) is a plan view, (B) is a front view,
and (C) is a cross-sectional view along cutting line
A3-A3 in (A);
FIG. 4 is a diagram describing a test piece and notch
orientation when obtaining a Charpy test piece from
rolled steel;
FIG. 5 is a diagram illustrating a procedure for ob-
taining a Charpy test piece in the plate thickness

5

10

15

20

25

30

35

40

45

50

55



5

7 EP 4 481 142 A1 8

direction from a column flange;
FIG. 6 is a diagram illustrating test results according
to JIS Z 2242 using a Charpy test piece in which the
plane on which notches are formed is perpendicular
to the rolled direction;
FIG. 7 is a diagram illustrating test results according
to JIS Z 2242 using a Charpy test piece in which the
plane on which notches are formed is perpendicular
to the plate thickness direction;
FIG. 8 is a front view illustrating a building in which a
beam-column joint structure is used;
FIG. 9 is a front view illustrating an overview of a test
apparatus for a beam-column joint structure;
FIG. 10 is an explanatory diagram for loading history
1 applied to sample 1;
FIG. 11 is an explanatory diagram for loading history
2 applied to sample 2;
FIG. 12 is a diagram illustrating experimental results
from the US Federal Emergency Management
Agency;
FIG. 13 is a diagram showing the experimental re-
sults of Shin’s article;
FIG. 14 is a diagram illustrating experimental results
of sample 1;
FIG. 15 is a diagram comparing the embodiments
with conventional joint sections;
FIG. 16 is a photograph showing the test results of
one embodiment;
FIG.17 isadiagramcomparing thestrength ratioand
the maximum story drift angle in the beam-column
joint structure of the embodiments;
FIG. 18 is a perspective view of a main part in
Modified Example 1 of the beam-column joint struc-
ture of one embodiment of the present invention;
FIG. 19 is a perspective view of a main part in
Modified Example 2 of the beam-column joint struc-
ture of one embodiment of the present invention;
FIG. 20 is a front view of a main part of a beam-
column joint structure used before the Northridge
earthquake;
FIG. 21 is an enlarged view of a main part for de-
scribing the failure mode of this same beam-column
joint structure;
FIG. 22 is a side view illustrating a state in which a
joint sectionpanel of thebeam-column joint structure
is shear-deformed; and
FIG. 23 is a perspective view of a main part of the
beam-column joint structure conventionally used
after the Northridge earthquake.

EMBODIMENTS OF THE INVENTION

[0029] An embodiment of a beam-column joint struc-
ture according to the present invention will be described
below with reference to FIG. 1 to FIG. 19.

1. Building configuration

1‑1. Beam-column joint structure configuration

[0030] As illustrated in FIG. 1, a beam-column joint
structure 1 of the present embodiment is used for a
building 2. The beam-column joint structure 1 includes
a column 11 and a pair of beams 211B. Note that the
numberof beams211B included in thebeam-column joint
structure 1 is not limited andmay be 1 beam or 3 or more
beams. The column 11 includes a column main body 12
composed of an I-beam for columns. The column main
body 12 extends in a vertical direction (or in a first direc-
tion). The columnmain body 12 includes a pair of column
flanges (joint plates) 16andaweb for column17.Thepair
of column flanges 16 and web 17 are preferably formed
out of rolled steel.
[0031] The pair of column flanges 16 are arranged
mutually opposed in the plate thickness direction S.
The web for column 17 is arranged between the pair of
column flanges 16. The web for column 17 is joined
respectively to the pair of column flanges 16 centered
in thewidthdirection. Forexample, the columnmainbody
12 is formed using high toughness steel. The chemical
composition of the columnmain body 12 preferably has a
relatively low S content. In general, S is an element that
combineswithMn in steelmaterial and is included in steel
material asan impurity.S formsMnS,andhas theeffect of
embrittlement of the steel material. Relatively low S
content in the column main body 12 enables achieving
relatively high toughness of the column main body 12.
[0032] In this example, as illustrated in FIG. 23 and the
like, the column 11 does not have a stiffener 203 or a
doubler plate 225. Note that the column 11 may have at
least one of the stiffener 203 and the doubler plate 225.
[0033] As illustrated in FIG. 1 and FIG. 2, in each of the
structures of the beam 211 (extending in a second direc-
tion, which in this example is the horizontal direction), the
beam 211B includes a pair of backing bars 21 in place of
the pair of backing bars 213. In the example illustrated in
FIG. 2, on the end part of each beam flange 216 on the
column flange 16 side, a bevel 216a is formed that going
downwardgradually approaches thecolumnflange16. In
this example, the first and second directions are sub-
stantially orthogonal to each other.
[0034] The backing bar 21 has a rectangular body
shape. Each of the backing bars 21 are attached below
the respective beam flanges 216 (lower flange 216B).
More specifically, each of the backing bars 21 are at-
tached to each of the beam flanges 216 and column
flange 16 below each of the beam flanges 216 using
fillet, tack welding, or the like. Note that non-use of a
backing bar 21 on an upper flange 216A is feasible or a
backing bar 213 may be used. A bevel 21a is formed on
the end part of the upper surface of the backing bar 21 on
the column flange 16 side that going downward gradually
approaches the column flange 16. In other words, the
backing bar 21 is chamfered. The bevel 21a lines up with
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the bevel 216a of the beam flange 216. A welded section
218 is arranged both inside the bevel 216a of the beam
flange216and inside thebevel 21a of the backing bar 21.
The backing bar 21 is joined respectively to the beam
flange 216 (lower flange 216B) and the column flange 16
via the welded section 218. In this manner, each of the
beam flanges 216 are respectively joined directly to the
column flange 16 of the column main body 12 via the
welded section 218. The welded section 218 is difficult to
arrange between the column flange 16 and the backing
bar 21 and a slit 21b is likely to be formed.
[0035] Here, as illustrated in FIG. 1, a section in the
vertical direction in the range of the beam 211B on the
web for column 17 is defined as a joint section panel 17a.
The position of intersection of a center axis O1 of the
columnmain body 12 and the center axis O2 of the beam
211B (I-beam) is defined as an intersect position P1. The
column 11 and the pair of beams 211B are connected
together by a joint section 23 in the beam-column joint
structure 1. The intersect position P1 is a node of the joint
section 23. Note that the column main body 12 is com-
posed of an I-beam but the column main body may be
composed of a square steel tubing or a weld assembled
box cross-section (weld assembled box cross-section
column).

1‑2. Examination of Materials for Column Flanges

[0036] As illustrated in FIG. 1, if a load F1 that is a
bending moment acts on the pair of beams 211B, for
example, a force acts in the plate thickness directionSon
the column flange 16 that is the joint plate. The present
inventors considered that by using a material with a high
level of toughness in the plate thickness direction S for
the column flange 16, even if shear deformation of a joint
section panel 17a caused by application of the load F1
generates bending deformation of the column flange 16,
the column flange would resist the load in the plate
thickness direction S and absorb the energy from the
load F1. A force applied on a column flange in the plate
thickness direction S having low toughness in the plate
thickness direction S will likely cause a divot fracture in
the column flange.
[0037] JIS Z 2242:2018 Charpy impact test method for
metal materials (hereinafter simply referred to as JIS Z
2242) is knownas amethod formeasuring the toughness
of a member. As illustrated in FIG. 3, a Charpy test piece
150 is used for testing in JIS Z 2242. The length of the
Charpy test piece 150 in the axial direction is 55mm. The
cross-sectional shapeof theCharpy test piece 150ortho-
gonal to the axial direction is a 10 mm × 10 mm rectan-
gular shape.Anotch151 is formedon theouter surfaceof
the Charpy test piece specimen 150 centered in the axial
direction. The notch 151 is formed on the flat surface S1
orthogonal to the axial direction. The notch 151 is a V
notchwith a depth of 2mm. The notch 151 is formed over
a part of the depth direction of the Charpy test piece 150.
The notch 151 is formed extending in a direction perpen-

dicular to the axial direction over the full width of the
Charpy test piece 150.
[0038] FIG. 4 will be used to describe obtaining a
Charpy test piece 150 from rolled steel 155 such as
the column flange 16 and describe the orientation of
the test piece and the notch. Note that FIG. 4 schema-
tically illustrates the Charpy test piece 150 including the
shapeof thenotch151,describedbelow.Rolledsteel 155
ismanufactured in a rollingmill by reducing the thickness
of the steel in the plate thickness direction and extending
the steel in the rolled direction. Here, the direction ortho-
gonal to both theplate thicknessdirectionSand the rolled
direction L is called the width direction T. The rolled
direction L and the width direction Tare both plate thick-
nessorthogonal directions (directions orthogonal to plate
thickness direction S). For example, the flat surface S1
that the notch 151 is formed on is orthogonal to the plate
thickness direction S and the Charpy test piece 150
where the depth direction of the notch 151 is parallel to
the width direction T is identified as "S-T" or "Charpy test
piece 150ST." Charpy test pieces 150LS, 150LT, 150TS,
and 150TL where the flat surface S1 on which the notch
151 is formedorthogonal to the roll directionLor thewidth
direction T are used in JIS Z 2242. The Charpy impact
tests that use the Charpy test pieces 150ST, 150SL that
are orthogonal to the plate thickness direction S are
performed using the procedure for JIS Z 2242 other than
the procedure for obtaining the Charpy test piece 150.
[0039] FIG. 5 illustrates a procedure for obtaining the
Charpy test piece 150SL from the column flange 16. Here
the plate thickness of the column flange 16 is defined as
t1 (mm). A surface facing the plate thickness direction S
of the column flange 16 that an extending bar 156,
described below, is joined to, is referenced as surface
16a.Adistance in theplate thicknessdirectionSbetween
the notch 151 of the Charpy test piece 150SL and the
surface 16a is defined as t2 (mm).
[0040] Thecylindrical extending bar 156 is joined to the
surface 16a of the column flange 16 using a friction weld
joint. The reason that joining is performed using a friction
weld joint is to suppress the heat-affected zone (HAZ)
formed in the joint section of the columnflange16and the
extending bar 156 to a size that is as small as possible.
Thereby, a Charpy test piece 150 can be prepared with-
out any thermal effect on the notch 151 of theCharpy test
piece 150. Here, the axial direction of the extending bar
156 is arranged to align with the plate thickness direction
S. For example, the lengthof the extendingbar 156 is 120
mm and the diameter of the extending bar 156 is 30 mm.
The material that the extending bar 156 is formed with is
preferably the same as the material that the column
flange 16 is formed with. The friction weld joint is per-
formed so as to join the entire cross section of the
extending bar 156 on the surface 16a of the column
flange 16.
[0041] Forexample, in thecase that theplate thickness
t1 is 40 mm or less, the distance t2 is set to (t1/4). If the
plate thickness exceeds 40 mm, the distance t2 is set to
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10mm. The distance t2 is preferably set according to the
thickness t1 as described above since a narrow heat-
affected zone is formed over a narrow area at the joint
section of the column flange 16 and the extending bar
156. For example, the plate thickness t1 of the column
flange 16 is 19 mm or more.
[0042] In general, the higher the Charpy absorbed
energy measured by JIS Z 2242, the higher the tough-
ness.
[0043] FIG. 6 illustrates JIS Z 2242 test results using
the Charpy test piece 150LT where the flat surface S1 the
notch151 is formedon is orthogonal to the roll direction L.
In FIG. 6, the horizontal axis represents the temperature
(°C) of the Charpy test piece 150LT, and the vertical axis
represents the Charpy absorbed energy (J). Hereinafter,
the Charpy absorbed energy from Charpy test pieces
150LS, 150LT, 150TS, and 150TL with the flat surface S1
where the notch 151 is formed orthogonal to the roll
direction L is called the roll direction L Charpy absorbed
energy vE(L, T). Note that the plate thickness orthogonal
direction is taken as the roll direction L but the plate
thickness orthogonal directionmay be thewidth direction
T.
[0044] The white circles indicate the results of the high
toughness steel used for the column flange 16. The solid
line L1 indicates an approximating curve of the results
indicatedby thewhite circles. Thewhite triangles indicate
results based on normal steelmaterial (hereinafter called
conventional steel material) used for a comparable con-
ventional column flange 16. The dotted line L2 indicates
an approximating curve of the results indicated by the
white triangular marks. Line L3 indicates performance
required based on Eurocodes and from the American
Institute of Steel Construction (AISC). The required per-
formance isaCharpyabsorbedenergyof 27J from ‑21°C
to ‑20°C.
[0045] For both high toughness steel and conventional
steelmaterial, theCharpy absorbed energy increased as
temperature increased. Regardless of temperature, the
high toughness steel Charpy absorbed energy was high-
er than the conventional steel material Charpy absorbed
energy. In the range of ‑60°C to 80°C, the Charpy ab-
sorbed energy for both the high toughness steel and the
conventional steel material met the required perfor-
mance based on the Eurocodes and the AISC.
[0046] Here, the Charpy absorbed energy vE‑20(L,T) in
the roll direction L of the high toughness steel at ‑20°C
measured based on JIS Z 2242 is illustrated as point
P‑20(L,T) in FIG. 6. The Charpy absorbed energy vE0(L,T)
in the roll direction L of the high toughness steel at 0°C
basedonJISZ2242 is illustratedaspointP0(L,T) inFIG.6.
[0047] FIG. 7 illustrates JIS Z 2242 test results using
theCharpy test piece 150SL where the flat surface S1 the
notch 151 is formed on is orthogonal to the plate thick-
nessdirectionS.Theaxes, legend,andmeaningsof lines
L1andL2are the sameas inFIG. 6. In the caseofCharpy
test piece 150SL, the required performance is not speci-
fied in Eurocodes or in the AISC. Hereinafter, the Charpy

absorbed energy from Charpy test pieces 150ST, and
150SL with the flat surface S1 where the notch 151 is
formed being orthogonal to the plate thickness direction
S is called the plate thickness direction S Charpy ab-
sorbed energy vE(S). For the case of the Charpy test
piece 150SL aswell, the same trendas for theCharpy test
piece 150LT is seen. Furthermore, for the case of the
Charpy test piece 150SL, the difference between the
Charpy absorbed energy of the high toughness steel
and the Charpy absorbed energy of the conventional
steel material became larger.
[0048] Here, the Charpy absorbed energy ‑20(S) in the
plate thickness direction S of the high toughness steel at
‑20°C measured based on JIS Z 2242 is illustrated as
point PvE‑20(S) in FIG. 7. The Charpy absorbed energy
vE0(S) in the plate thickness direction S of the high
toughness steel at 0°C based on JIS Z 2242 is illustrated
as point P0(S) in FIG. 7. The Charpy absorbed energy
vE‑20(S) is preferably 35 J ormore. TheCharpy absorbed
energy vE‑20(S) is more preferably 47J or more. The
Charpy absorbed energy vE0(S) is preferably 47J or
more. The Charpy absorbed energy vE0(S) is more pre-
ferably 70J or more.
[0049] TheCharpy absorbed energy vE‑20(L, T) and the
Charpy absorbed energy vE‑20(S) at ‑20°C preferably
satisfy the formula (6).

[0050] In other words, the ratio of the toughness of the
column flange 16 in the plate thickness direction S cor-
responding to the Charpy absorbed energy vE‑20(S) at
‑20°C and the toughness of the column flange 16 in the
roll direction L corresponding to the Charpy absorbed
energy vE‑20(L, T) is preferably at or above a certain ratio.
In addition, theCharpy absorbed energy vE0(L, T) and the
Charpy absorbed energy vE0(S) at 0°C preferably satisfy
the formula (7).

[0051] In other words, the ratio of the toughness of the
column flange 16 in the plate thickness direction S cor-
responding to the Charpy absorbed energy vE0(S) at 0°C
and the toughness of the column flange 16 in the roll
directionLcorresponding to theCharpyabsorbedenergy
vE0(L, T) is preferably at or above a certain ratio.
[0052] In this manner, the ratio of the toughness of the
column flange 16 in the plate thickness direction S and
the toughness of the column flange 16 in the roll direction
L is at or above a certain ratio, reducing the difference in
toughness of the column flange 16 based on direction,
thereby inducing stable crack growth, and achieving a
joint section with ductile fracture properties and high
energy absorption performance. Furthermore, the Char-
py absorbed energy vE‑20(L, T) and the Charpy absorbed
energy vE‑20(S) at ‑20°C preferably satisfy the formula

5

10

15

20

25

30

35

40

45

50

55



8

13 EP 4 481 142 A1 14

(6’).

[0053] In other words, the toughness of the column
flange 16 in the roll direction L corresponding to the
Charpy absorbed energy vE‑20(L,T) at ‑20°C is preferably
theequivalent or higher than the toughnessof the column
flange16 in theplate thicknessdirectionScorresponding
to the Charpy absorbed energy vE‑20(S). In addition, the
Charpy absorbed energy vE0(L, T) and the Charpy ab-
sorbed energy vE0(S) at 0°C preferably satisfy the for-
mula (7’).

[0054] In other words, the toughness of the column
flange 16 in the roll direction L corresponding to the
Charpy absorbed energy vE0(L,T) at 0°C is preferably
theequivalent or higher than the toughnessof the column
flange16 in theplate thicknessdirectionScorresponding
to theCharpy absorbedenergy vE0(S). In thismanner, the
toughness of the column flange 16 in the roll direction L is
the equivalent or greater than the toughness of the col-
umn flange 16 in the plate thickness direction, suppres-
sing fracture in the plate thickness direction so that if a
crack penetrates the direction of the plate thickness, the
crack growth is stabilized, and a joint section with high
ductile fracture properties and energy absorption perfor-
mance is achieved. Other methods for measuring the
toughness of members that provide results similar to
those of JIS Z 2242 include ISO 148‑1:2016 Metallic
Materials-Carpy pendulum impact test Part 1: Test meth-
od, ASTM E23‑18 Standard Test Methods for Notched
Bar Impact Testing of Metallic Materials, BS EN ISO
148‑1:2016 Metallic Materials-Charpy pendulum impact
testPart 1: Testmethod,DINEN ISO148‑1:2016Metallic
Materials ‑Charpy pendulum impact test Part 1: Test
method, and the like.

1‑3. Specifications of the Full Plastic Strength for each
Configuration of the Beam-column Joint Structure

[0055] In general, intersect positions are used when
calculating the full plastic strength of the columns and
beams in the design of the beam-column joint structure.
Note that the full plastic strengthmeanswhenanexternal
forceactsonamember extending in astandard direction,
the external force that causes the full cross section
orthogonal to the standard direction to enter a plastic
state. Here, the ratio of the full plastic strength Mpc of the
column 11 relative to the full plastic strength Mpb of the
beam 211B at the intersect position P1 is specified as the
column-beam strength ratio (Mpc/Mpb). At the intersect
position P1, the ratio of the full plastic strength Mpb of the
beam 211B relative to the full plastic strength Mpp of the
joint section panel 17a is specified as the beam-panel

strength ratio (Mpb/Mpp). In [4.] below, regarding the issue
of the present invention, the scope of the column-beam
strength ratio and beam-panel strength ratio to provide a
beam-column joint structure 1 having a joint section 23
withhighenergyabsorptionperformance toensurestruc-
tural stability of the building 2 is investigated.

1‑4. Full Plastic Strength Calculation Method

[0056] An example of a method for calculating the full
plastic strength for a building 4 that uses a beam-column
joint structure 3 illustrated in FIG. 8will be described. The
beam-column joint structure 3 includes one column 11
and six beams 211B. In this example, it is assumed that
the six beams 211B have the same height and that the
distances between adjacent beams 211B in the vertical
direction (heights of columns 11) are the same. An end
part of the six beams211Bnot joined to the column11are
respectively joined to a second column 51. Here, the
direction a pair of second columns 51 are lined up in is
called the left-right direction. A position where the center
axisO1of the column11or a center axisO3of the second
column 51 and the center axis O2 of the beam 211B
intersect is called a node.
[0057] Symbols for the specifications of the beam-col-
umn joint structure 3 are defined as follows. Note that the
units and the like indicated in Table 1 below are used as
the units for each symbol.

Ll, Rl: distances between nodes of the left and right
beams 211B with respect to the joint section 23
Ll’, Rl’: inner length of the left and right beams 211B
with respect to the joint section 23
Th, Bh: distance between nodes of upper and lower
columns 11 with respect to joint section 23
Th’, Bh’: inner length of upper and lower columns 11
with respect to joint section 23
bLZp, bRZp: plastic section modulus of left and right
beams 211B with respect to joint section 23
cTZp, cBZp: plastic section modulus of upper and
lower columns 11 with respect to joint section 23
bLF, bRF: standard strengthof thematerial strengthof
the left and right beams 211Bwith respect to the joint
section 23
cTF, cBF: standard strength of thematerial strength of
the upper and lower columns 11 with respect to the
joint section 23
pF: standard strength of the material strength of the
joint section panel 17a
bH: height of beam 211B
cH: height of column 11
btf: thickness of beam flange 216
ctf: thickness of column flange 16
tp: Thickness of the web 17 (when the column main
body is composed of a square steel tubing or a weld
assembled box cross-section, the thickness of the
flat plate part of the rectangular steel pipe or weld
assembled box cross-section (see flat plate part 33B
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in FIG. 18))
db: distance between the pair of beam flanges 216
and the center of the plate thickness (= bH ‑ btf)
dc: distance between the pair of column flanges 16
and the center the plate thickness (= cH ‑ ctf)

[0058] Here, the effective volume ve of the joint section
panel is obtained using equations (11) and (12).

Equation 1

[0059] Here, the full plastic strength Mpb of the beam
211B is obtained using equation (15). The full plastic
strength Mpc of the column is obtained using equation
(16). The full plastic strengthMppof the joint sectionpanel
is obtained using equation (17).

Equation 2

[0060] For example, assume the story height of the
upper and lower of the joint sections 23 (equivalent to
distanceTh, Bh) is 4500mm.Assume that thedistances Ll
and Rl between the nodes of the beams 211B are 9000
mm. The beam-panel strength ratio and column-beam
strength ratio are determined for case 1 to case 5 indi-
cated in Table 1.

Table 1

[0061] For example, in case 1, a column main body
composed of an I-beam is used. The cross-sectional
dimensions of the column main body were H‑458 ×
427× 40× 50 (height×width×web thickness× flange
thickness inmm), and the standard strengths cTFand cBF
were 235 N/mm2. In case 1, the beam-panel strength
ratio was 1.411 and the column-beam strength ratio was
2.983.

1‑5. Other Building Configurations

[0062] The building 2 includes floor slabs (not shown)
and the like. The floor slab is supported frombelowby the
beams211Bof the beam-column joint structure 1 and the
like. The building 2may have a plurality of stories (floors)
separated vertically by floor slabs or the like. For exam-
ple, the building2 is usedwith facilities suchasdesksand
document shelves placed on the floor slabs.

2. Manufacturing Method of High Toughness Steel

[0063] The S content in the chemical composition of
high toughness steel is 0.011%bymassor less.Note that
the S content can be measured using a combustion-
infrared absorption method. Chemical compositions of
other elements in the high toughness steel may be ap-
propriately set. An example of the chemical composition
is C: 0.05 to 0.20% (mass%), Si: 0.05 to 0.60%, Mn: 0.50
to2.00%,P:0.035%or less, andS:0.011%or less.Ahigh

toughness steel material can be obtained by heating a
cast slab having the chemical composition described
above to 1050 to 1350°C and performing finish rolling
at 600 to 950°C. In addition, accelerated cooling is pre-
ferably performed following finish rolling with the accel-
erated cooling stopped at 100°C or higher and 600°C or
lower.

3. Investigation Experiment of Strength Ratio of Beam-
column Joint Structure

[0064] The beam-column joint structure 1 was
mounted on test device 160 illustrated in FIG. 9 and a
test was performed. Hereafter, of the pair of beams 211B
provided on the beam-column joint structure 1, there are
caseswhere a first is called beam211BAand a second is
called beam 211BB. Note that the beam-column joint
structure 1 is installed lying down as compared with
the arrangement of that in an actual building so the
structural surface of the columns and beams is set up
as a horizontal surface. The test device 160 includes a
reaction wall connecting jig 161, beam jacks 162A and
162B, a column jack 163, a lateral stiffening jig 164, an
axial force frame 165, pantograph jigs 166A and 166B,
and a reaction force jig 167.
[0065] The reaction wall connecting jig 161 is attached
to a reaction wall of the test site. The beam jacks 162A
and162Band theaxial force frame165aresecured to the
reaction wall connecting jig 161. The column jack 163 is
secured to the end part of the axial force frame165on the
side to the opposite of the end part which is connected to
the reaction wall connecting jig 161. The beam jack 162A
alternates up and down between the end of the beam
211BA connected to the column main body 12 and the
end on the opposite side. The beam jack 162B alternates
up and down between the end of the beam 211BB con-
nected to the column main body 12 and the end on the
opposite side. The column jack 163 is moved to the
bottom end part of the column main body 12. The lateral
stiffening jig 164 and pantograph jigs 166A and 166B are
attached to a reaction floor of the site location suppres-
sing deformation of the column main body 12 of the test
specimen and the beam 211B outside the structural
plane. Both ends of the reaction force jig 167 are con-
nected to the lower end part of the column main body 12
and to the reaction wall connecting jig 161. The reaction
force jig 167 transfers reaction forces generated by the
beam jacks 162A and 162B.
[0066] Specifications of the beam-column joint struc-
ture 1 are indicated in Table 2.

Table 2

[0067] As illustrated in Table 2, the cross-sectional
dimensions of the column main body 12 are H‑498 ×
432 × 45 × 70. The length of the column main body 12
was set to 4550 mm. The column main body 12 had a
yield strength of 379 N/mm2 and a tensile strength of 546
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N/mm2. The column main body 12 is composed of the
high toughness steel indicated in FIG. 6 and FIG. 7, and
has a chemical composition of C: 0.16%, Si: 0.30%, Mn:
1.40%,P: 0.0.17%, andS: 0.004%ona%bymassbasis.
TheScontent of thehigh toughnesssteel is relatively low.
[0068] As illustrated in Table 2, the cross-sectional
dimensions of the I-beam 212 are H‑650 × 300 × 16
× 25. The length of the I-beam 212 (distance between
beam jack 162Aandbeam jack 162B) is set to 8,000mm.
The I-beam 212 had a yield strength of 380 N/mm2 and a
tensile strength of 513 N/mm2. Here, the column-beam
strength ratiowas2.34and thebeam-panel strength ratio
was 1.43. The beam-column joint structure 1 does not
haveastiffener or doubler platewhile abackingbarwith a
bevel is left on both the upper flange 216A and lower
flange 216B of the beam flange 216.
[0069] Simultaneous with moving the end part of the
beam 211BA upward using the beam jack 162A, the test
device 160moves the end part of the beam211BBdown-
ward using the beam jack 162B, setting a first movement
state. In addition, simultaneous with moving the end part
of the beam211BAdownward using the beam jack 162A,
the test device 160 moves the end part of the beam
211BB upward using the beam jack 162B, setting a
second movement state. The test device 160 alternates
between the first movement state and the second move-
ment state as one cycle, applying inversely symmetrical
loads on the beam-column joint structure 1. Samples 1
and2having thesameconfigurationas thebeam-column
joint structure 1 were prepared. A load was applied on
sample 1 according to loading history 1 indicated in FIG.
10 and a load was applied on sample 2 according to
loading history 2 indicated in FIG. 11.
[0070] In FIG. 10 and FIG. 11, the horizontal axis in-
dicates the loading cycle and the vertical axis indicates
the story drift angle (rad) of the beam-column joint struc-
ture 1. The loading history 1 is the loading history used in
the standard loading history of performance confirmation
experiments of earthquake resistant joints defined by the
US design standard ANSI/AISC341‑16. AISC is an orga-
nization that establishes standards for steel structures in
the United States, and issues seismic design codes for
steel structures. Loading history 2 is the loading history
used in the seismic structure study project SAC. SAC is a
project organized for the purpose of examining counter-
measures related to welded joint fractures in steel struc-
tures caused by the Northridge earthquake. For both
samples 1 and 2, the column jack 163 was used to apply
a constant compressive axial force (5000 kN) that is 20%
of the yield axial force on the columnmain body 12.While
the constant compressive axial force was applied to the
column main body 12, a plurality of cycles of loads were
applied to the pair of beams 211B.
[0071] Here, FIG. 12 and FIG. 13 indicate joint section
test results of previous research. In FIG. 12, FIG. 13, and
FIG. 14 described below, the horizontal axis indicates
story drift angle (rad) and the vertical axis indicates the
story shear force (kN) that is the load. FIG. 12 indicates

1997 test results of the US Federal Emergency Manage-
ment Agency (hereinafter simply called FEMA). The joint
section used in this experiment is the pre-Northridge joint
section. FIG. 13 indicates test results from Shin’s litera-
ture (hereinafter, simply called Shin, see [7.]). The joint
section used in this experiment is the post-North ridge
joint section. FIG. 14 indicates the results from Sample 1
(embodiment) of this test.
[0072] FIG. 12 to FIG. 14 use the same range for the
horizontal axis. FIG. 12 to FIG. 14 use the same range for
the vertical axis. The story shear force on the vertical axis
changes based on the cross-sectional dimensions of the
test specimen and they cannot be directly compared. On
the other hand, the story drift angle on the horizontal axis
represents the deformation performance of the beam-
column joint structure. Here, maintaining story shear
force up to areas with large story drift angle means high
deformation performance is achieved. The maximum
story drift angle of FIG. 14 is 0.08 rad which is higher
than themaximumstorydrift angle inFIG.12andFIG.13,
and thus higher deformation performance is achieved. In
addition, in FIG. 12 toFIG. 14, the area surroundedby the
test result curves represents the energy absorbed by the
beam-column joint structure and the accumulation of the
energy absorbed in each load cycle in the energy absorp-
tion performance of the beam-column joint structure.
Compared to FIG. 12 and FIG. 13, FIG. 14 indicates
maintaining story shear force for a higher number of
cycles; therefore, the accumulated absorbed energy is
extremely high. Therefore, it can be seen that the joint
section 23of the beam-column joint structure 1 illustrated
in FIG. 14 has higher energy absorption performance
than the joint sections for FEMA and Shin.
[0073] FIG. 15 illustrates a results comparison of the
joint sections for the beam-column joint structure 1 of the
embodiment and for conventional joint sections such as
FEMA. As conventional joint sections, FIG. 15 indicates
results from Chi & Uang literature (hereinafter simply
calledChi &Uang, see [7.]), Ricles literature (hereinafter,
simply called Ricles, see [7.]), and Rahiminia & Namba
literature (hereinafter, simply called Rahiminia &Namba,
see [7.]). For each joint section, the type of joint, the
presence or absence of stiffeners, doubler plates, and
backingbar is indicated. If thebackingbar column is "left,"
this means that a backing bar is left and a backing bar is
present. If the backing bar column is "removed," this
means that a backing bar is removed and a backing
bar is not present.
[0074] For example, the beam-column joint structure 1
of the embodiment does not have a stiffener or doubler
plate but has a backing bar.
[0075] The upper part of FIG. 15 indicates story drift
angle (rad) as deformation performance for each joint
section. InFIG.15, the requiredperformance (0.04)of the
US design standard AISC341‑18 is represented by a
solid line L5. The US design standard AISC341‑18 as-
sumes loads according to Loading Procedure 1. The US
design standardAISC341‑18stipulates that 80%ormore
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of the full plastic strengthmust remainwhen the story drift
angle reaches 0.04 rad as the required performance of
joint sections for earthquake-resistant structures.
[0076] FIG. 15 illustrates test results of the beam-col-
umn joint structure 1 of the embodiment and the like. In
the joint section panel yield column, "Yes"means that the
joint section panel yields during the test, and "No"means
that the joint section panel does not yield during the test.
In the manufacturability and workability columns, "×"
means that manufacturability and workability are poor,
and "o" means that manufacturability and workability are
favorable. In the seismic performance column, "x"means
poor seismic performance, "o" means good seismic per-
formance, and "Ⓞ" means very good seismic perfor-
mance. For example, in the beam-column joint structure
1 of the embodiment, the joint section panel yielded
during the test. The beam-column joint structure 1 has
good manufacturability and workability because it does
not have stiffeners and doubler plates, and seismic per-
formance is very good.
[0077] The joint section 23 of the beam-column joint
structure 1 of the embodiment greatly exceeds the re-
quired performance of the US design standard
AISC341‑18 represented by the line L5. Samples 1
and 2 exhibited approximately similar failuremodes. This
indicates that the joint section 23 of the beam-column
joint structure 1 of the embodiment stably exceeds the
required performance of the joint section of the earth-
quake-resistant structure under these test conditions.
Note that the ultimate state of the joint section 23 of
the beam-column joint structure 1 of the embodiment
is similar to Type D of Non-Patent Document 1. In other
words, the crack generated on the surface of the column
flange 16 exhibited a fracture mode in which the crack
penetrated in the plate thickness direction.
[0078] However, as illustrated in FIG. 16, the crack LF
is initiated andpropagated on the side of the upper flange
216A, and the backing bar 213 having the bevel 21a
formed thereon exhibits effective functionality as means
for preventing fracture originating from the lower flange
216B. Note that as illustrated in FIG. 16, white plaster is
coated on the surface of the beam-column joint structure
1 in advance.With the beam-column joint structure 1, the
plaster is peeled off from the plastified section, and the
black color of the column main body 12 and the like is
visible. In other words, it was found that not only the
column 11 and the beam 211B were kink-deformed,
but also the joint section panel 17a, the beam flange
216 at the end of the beam 211B, and beam web 217
were plastified to absorb the energy.
[0079] In addition, research is currently underway on
the degree of margin (redundancy) against collapse due
to a large-scale earthquake that exceeds the scale as-
sumed in the design, and on the evaluation of the remain-
ing performance after the earthquake (determination of
whether repair is possible). Of these, the performance of
the joint section23of thebeam-column joint structure1of
the embodiment was found to have high superiority from

these viewpoints.

4. Examination of Strength Ratio

[0080] FIG. 17 illustrates the column-beam strength
ratio, beam-panel strength ratio, andmaximumstory drift
angle obtained from the beam-column joint structure 1 of
the embodiment, Shin’s literature, Rahiminia & Namba’s
literature, and Ricles’ literature. Shin’s literature, Rahi-
minia & Namba’s literature, and Ricles’ literature are
literature for previous research. Table 3 indicates the
presence or absence of stiffeners in the embodiment
and past research.

Table 3

[0081] In addition, when there is a slab, the slab is
supported from below by beams. For example, the
UT01 in Shin’s literature has a stiffener but no doubler
plate. No backing bar and no slab.

5. Effects of the Present Embodiment

[0082] As described above and as a result of extensive
studies, the inventors have found that in order to improve
the energy absorption performance of the joint section 23
between the column 11 and the beam 211B in the beam-
column joint structure 1, the energy acting on the beam-
column joint structure 1 must be absorbed not only in the
beam 211B but also in the joint section panel 17a. In
particular, a configuration where the joint section panel
17a, for which stable yield strength increase after plas-
ticization can be anticipated as long as the column flange
16 does not break, yields first, and then in conjunction
with increase in yield strength of the joint section panel
17a due to yielding, the beam 211B also yields, is pre-
ferable. In other words, the beam-panel strength ratio,
which is the ratio of the full plastic strength Mpb of the
beam 211B relative to the full plastic strength Mpp of the
joint section panel 17a, should be1.05ormore so that the
joint section panel 17a yields first.
[0083] In addition, the yield strength of the joint section
panel 17a can be expected to increase to about 1.5 times
the full plastic strength due to strain hardening due to
repeated plastic deformation. In other words, by setting
the beam-panel strength ratio to 1.5 or less, not only the
joint section panel 17a but also the beam 211B can be
plastified in the process of increasing the yield strength
after initial yielding of the joint section panel 17a and
energy acting on the beam-column joint structure 1 can
be absorbed by both the beam 211B and the joint section
panel 17a. Therefore, energy absorption performance at
the joint section 23 between the column 11 and the beam
211B can be increased. On the other hand, in order to
ensure the structural stability of thebuilding2 inwhich the
beam-column joint structure 1 is used, it is necessary to
prevent story collapse due to yielding of the columns 11.
Therefore, the column 11 needs to be sufficiently strong
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relative to the beam 211B. Considering the increase in
the yield strength after plastification of the beam 211B,
the column-beam strength ratio, which is the ratio of the
full plastic strength of the column 11 relative to the full
plastic strength of the beam 211B, is preferably 1.5 or
more. In order to prevent the column 11 from having
excessive performance and being economically unrea-
sonable, the column-beam strength ratio is preferably
suppressed to roughly 2.5 to 3.0 or less. On the other
hand, according to the past research illustrated in FIG.
17, there are few cases where the joint section panel
yields first and the beam-panel strength ratio is 1.05 or
more. This is believed to be due to the fact that conven-
tional steel materials and joint details have avoided the
joint section panel yielding first. In past research, when
the beam-panel strength ratio is 1.05 or more, the col-
umn-beamstrength ratio is 1.5 or lessmost of the time. In
past research where the joint section panel yields first, it
can be seen that this is based on the assumption that the
column strength is relatively small.
[0084] If the column-beam strength ratio exceeds 1.5,
the plate thickness of the column flange is thick, and the
effect of local bending deformation (kink) of the column
flange becomes significant, and early breakage be-
comes a problem. On the other hand, when the col-
umn-beam strength ratio is small, the plate thickness
of theflange is relatively thin, so theeffectof local bending
deformation of the column flange when the joint section
panel yields is small; therefore, breakage is less likely to
occur. It is thought that past research has avoided beam-
column joint structures with a load-bearing balance that
have a beam-panel strength ratio in the range of 1.05 or
more and 1.5 or less (range R6 indicated in FIG. 17) and
column-beam strength ratio in the range of 1.5 or more
and 3.0 or less (range R7 shown in Figure 17) for these
reasons. By setting the beam-panel strength ratio to 1.05
or more and 1.5 or less and the column-beam strength
ratio to 1.5 or more and 3.0 or less, the structural stability
of the building 2 using the beam-column joint structure 1
can be achieved and the beam-column joint structure 1
can be providedwith joint sections 23 having high energy
absorption performance.
[0085] The column 11 of the beam-column joint struc-
ture 1not having the stiffener 203or the doubler plate 225
facilitates fabrication and construction of the column 11.
In Table 1, case 1 is a beam-column joint structure using
an I-beam for the column 11, Case 2 is a beam-column
joint structure using aweld assembled box cross-section
for thecolumn11, but both satisfy the rangesof thebeam-
panel strength ratio and the column-beam strength ratio,
and are embodiments. Case 3 is a comparative example
thatdoesnot satisfy the rangeof thebeam-panel strength
ratio. Case 4 is a comparative example that does not
satisfy the rangeof thecolumn-beamstrength ratio.Case
5 is a comparative example that does not satisfy the
range of the beam-panel strength ratio or the column-
beam strength ratio.
[0086] A bevel 21a is formed in the backing bar 21.

Therefore, the portion of the connection surface between
the backing bar 21 and the welded section 218 that is
joined to the column flange 16 is not perpendicular to the
column flange 16 but is inclined. For this reason, for
example, based on a load such as a bending moment
acting on the beam211B, strain concentration at the tip of
the slit 21b generated at the boundary between the
column flange 16 and the backing bar 21 can be alle-
viated, thereby suppressing the propagation of a crack
from the tip of the slit 21b toward the welded section 218
or column flange 16.
[0087] Based on JIS Z 2242, the Charpy absorbed
energy vE‑20(S) in the plate thickness direction S of the
column flange 16 at ‑20°C may be 35 J or more. In this
case, the toughness of the column flange 16 in the plate
thickness direction S at ‑20°C is increased by a certain
amount ormore.Generally, the higher the temperature of
the column flange, the higher the toughness of the col-
umn flange. At the temperature at which the column
flange 16 is actually used, the toughness is further in-
creased; therefore, in the case that the column flange 16
is joined directly to the pair of beam flanges 216 of the I-
beam 212 provided on the beam 211B via the welded
section218, breakageof thecolumnflange16 in theplate
thickness direction S can be suppressed. The Charpy
absorbed energy vE‑20(S), vE‑20(L, T) may satisfy the
equation (6). In this case, the ratio of the toughness of
the column flange 16 in the plate thickness direction S
corresponding to theCharpy absorbed energy vE‑20(S) at
‑20°C and the toughness of the column flange 16 in the
roll direction L corresponding to the Charpy absorbed
energy vE‑20(L, T) is preferably at or above a certain ratio.
Therefore, the difference in toughness of the column
flange 16 depending on the direction is reduced, and
stable crack propagation is induced, resulting in a ductile
fracture property and a joint section with higher energy
absorption performance.
[0088] Based on JIS Z 2242, the Charpy absorbed
energy vE0(S) in the plate thickness direction S of the
columnflange16at 0°Cmaybe47Jormore. In this case,
the toughness of the column flange 16 in the plate thick-
ness direction S at 0°C is increased by a certain amount
or more. Generally, the higher the temperature of the
column flange, the higher the toughness of the column
flange. At the temperature at which the column flange 16
is actually used, the toughness is further increased;
therefore, in the case that the column flange 16 is joined
directly to the pair of beam flanges 216 of the I-beam 212
provided on the beam 211B via the welded section 218,
breakage of the column flange 16 in the plate thickness
direction S can be suppressed. The Charpy absorbed
energy vE0(S), vE0(L, T) may satisfy the equation (7). In
this case, the ratio of the toughness of the column flange
16 in the plate thickness direction S corresponding to the
Charpy absorbed energy vE0(S) at 0°C and the tough-
ness of the column flange 16 in the roll direction L
corresponding to the Charpy absorbed energy vE0(L, T)
is preferably at or above a certain ratio. Therefore, the
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difference in toughness of the column flange 16 depend-
ing on the direction is reduced, and stable crack propa-
gation is induced, resulting in a ductile fracture property
and a joint section with higher energy absorption perfor-
mance.
[0089] There are cases where the column 11 is not
providedwith thestiffener 203. In this case, the column11
can be formed relatively easily. There are cases where
the column 11 is not provided with the doubler plate 225.
In this case, thecolumn11canbe formed relativelyeasily.

6. Other

[0090] As has been described, embodiments of the
present invention have been described in detail with
reference to the drawings; however, specific configura-
tions are not restricted to these embodiments and the
present invention includes structural changes, combina-
tions, and deletions and the like that do not deviate from
the main points. For example, in the above embodiment,
the beam-column joint structure 1 does not have to in-
clude the backing bar 21.
[0091] Similar to the beam-column joint structure 1A of
theModified Example 1 illustrated in FIG. 18, the column
main body 32 of the column 31 may be configured with a
weld assembled box cross-section. In FIG. 18, a portion
of the columnmain body 32 is cut away for illustration. In
this example, the column main body 32 is composed of
welding a pair of flat plate parts (joint plates) 33A and a
pair of flat plate parts 33B together. The pair of flat plate
parts 33A are arranged so as to face each other. The pair
of flat plate parts 33B are arranged so as to face each
other. Each flat plate part 33B is joined to the ends of the
pair of flat plate parts 33A. The pair of beam flanges 216
of the I-beam 212 are respectively joined directly to each
of the flat plate parts 33A via a welded section 218. The
pair of flat plate parts 33B extend along the longitudinal
direction of the beam 211B.
[0092] A joint section panel 33Ba is a portion of the pair
of flat plateparts 33Bwithin the rangeof thebeam211B in
the vertical direction. The column 31 and the pair of
beams 211B are connected together by a joint section
35 in the beam-column joint structure 1A. The beam-
column joint structure 1A of Modified Example 1 may
have at least one of the stiffener 203 and doubler plate
225. In the case of the beam-column joint structure 1A of
Modified Example 1, the column-beam strength ratio is
1.5 or more and 3.0 or less. The beam-panel strength
ratiobasedon the joint sectionpanel 33Ba is1.05ormore
and 1.5 or less.
[0093] Similar to a beam-column joint structure 1B of
Modified Example 2 illustrated in FIG. 19, a columnmain
body 42 of column 41 may be composed of square steel
tubing manufactured by bending and welding a steel
plate. In FIG. 19, a portion of the column main body 42
is cut away for illustration.
[0094] The I-beam for columns and the I-beam are not
limited to the I shaped steel specified by JIS G 3192, and

may be a steel material having an I-shaped cross section
perpendicular to the axial direction.
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EXPLANATION OF CODES

[0096]

1, 1A, 1B. Beam-column joint structure
11, 31, 41. Column
12, 32, 42. Column main body
16. Column flange (joint plate)
17. Web for column
21. Backing bar
21a. Bevel
33A. Flat plate part (joint plate)
211B. Beam
212. I-beam
203. Stiffener (first reinforcement plate)
216. Beam flange
216B. Lower flange
218. Welded section
225. Doubler plate (second reinforcement plate)
01, 02. Center axis
P1. Intersect position
S. Plate thickness direction

Claims

1. A beam-column joint structure (1, 1A, 1B), compris-
ing:

acolumn (11,31, 41)havingacolumnmainbody
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(12, 32, 42) comprising an I-beamof the column,
or a square steel tubing, or a weld assembled
box cross-section; and
a beam (211B) comprising an I-beam where a
pair of beam flanges (216) of the I-beam are
respectively joined directly to joint plates of the
column main body (12, 32, 42) via a welded
section (218); wherein
the joint plate is a column flange (16) of the I-
beam of the column or a flat plate part (33A) of
the square steel tubing or weld assembled box
cross-section,
with the intersect position (P1) specified as the
position where the center axis of the column
main body (12, 32, 42) and the center axis of
the I-beam intersect, the ratio of the full plastic
strength of the column (11, 31, 41) relative to the
full plastic strength of the beam (211B) at the
intersect position (P1) is 1.5 or more and 3.0 or
less, and
at the intersect position (P1) onaweb for column
(17) of the column main body (12, 32, 42) com-
prising the I-beam of the column or the flat plate
part (33A) extending in the longitudinal direction
of the beam (211B) on the column main body
(12, 32, 42) comprising the square steel tubing
or weld assembled box cross-section, the ratio
of the full plastic strength of the beam (211B)
relative to the full plastic strengthof theportion in
the height range of the beam (211B) in the
vertical direction is 1.05 or more and 1.5 or less.

2. The beam-column joint structure (1, 1A, 1B) accord-
ing to claim 1, further comprising:

a backing bar (21) joined to a lower flange
(216B) arranged on the lower of the pair of beam
flanges (216) and to the joint plate (33A), re-
spectively, via theweldedsection (218);wherein
an upper surface of the backing bar (21) has a
bevel (21a) formed that going downward gradu-
ally approaches the joint plate (33A), and
the welded section (218) is formed in the bevel
(21a) as well.

3. The beam-column joint structure (1, 1A, 1B) accord-
ing to claim 1 or 2, wherein at ‑20°C, the Charpy
absorbed energy vE‑20(S) in the plate thickness di-
rection of the joint plate (33A) is 35 J or more.

4. The beam-column joint structure (1, 1A, 1B) accord-
ing to any one of claims 1 to 3, wherein at 0°C, the
Charpy absorbed energy vE0(S) in the plate thick-
ness direction of the joint plate (33A) is 47 J or more.

5. The beam-column joint structure (1, 1A, 1B) accord-
ing to any one of claims 1 to 4, wherein a first
reinforcement plate arranged at the same position

as the pair of beam flanges (216) in the vertical
direction and joined to the column main body (12,
32, 42) is not provided.

6. The beam-column joint structure (1, 1A, 1B) accord-
ing to any one of claims 1 to 5, wherein a second
reinforcement plate joined to theweb for column (17)
or the flat plate part (33A) for increasing thickness of
the web for column (17) or the flat plate part (33A) is
not provided.
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