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Fig. 1 Typical Steel-Concrete Composite Structures in Use in Japan®

Encased steel

Steel tube
Steel beam

RC column Cover plate

(a) SRC (b) CFT (c) RC column-Steel beam

Fig. 2 Breakdown of 102 Study Reports
on Steel-Concrete Composite
Structures?

S@Composite
Mlember Rg;' S

CFT: Concrete-filled steel tube

RC+S: Mixed frame of RC column and steel
beam

M.S.C.: Mechanical shear connector

FRP: Fiber-reinforced plastics

Total: 102 study reports
(Summaries of Technical Papers of AlJ
Annual Meeting for FY2018)

Fig. 3 Relationship between Load and Slip of Mechanical Shear Connector® Fig. 4 Cross Section of Octagonal-

section SC Column
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Fig. 5 Concrete-confined Effect of Octagonal-section
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Fig. 6 Relationship between Shear Strength and Rotation Angle of Octagonal-section SC Column Member*
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Fig. 7 Column-Beam Connection of Mixed Structure Composed of
Octagonal-section SC Column and Steel-frame Beam

Vertical stiffener

SC column

Steel beam

Vertical stiffener

External diaphragm

Fig. 8 Relationship between Load and Deformation of Column-Beam Connection
Composed of Octagonal-section SC Column and Steel-frame Beam®

Beam end load

Rotaition angle R (%)

-2 0 2 4 6
(a) With vertical stiffener

Beam end load

P (kN)

Rotaition angle R (%)
L 1 1 1 1 1

-2 0 2 4 6

(b) No vertival stiffener
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Keigo Tsuda: After finishing the master
course at the Graduate School of Ky-
ushu University, he served as research
assistant of Kyushu University in 1977
and then as associate professor of Ky-
ushu University. He became professor
of the University of Kitakyushu in 2001
and emeritus professor in 2018.

Table 1 Requirements for CFT Structures

Masae Kido: After finishing the
doctoral program at the Graduate
School of the University of Kitaky-

ushu, she became lecturer of the

University of Kitakyushu in 2007.

She assumed her current position
as associate professor of the Uni-
versity of Kitakyushu in 2012.

Compressive strength of concrete*

18~90 N/mm?

Tensile strength of steel*

Smaller than 590 N/mm?

Yield stress of steel*

235~440 N/mm?

Ratio of limiting value of width (diameter) to thickness

1.5 times of AlJ steel standard

Ratio of buckling length to section depth

Not longer than 50 for columns

Not longer than 30 for beam-columns

* AlJ Recommendations
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Fig. 6 Loading Conditions

Photo 1 CFT column loading apparatus

Fig. 7 Relationship between Lateral Load and Rotation Angle
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Fig. 8 Relationship between the Axial Strain,
Lateral Load and the Number of Cycles
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Tsuyoshi Tanaka: After receiving master’s degree at
the Graduate School of Engineering, Kobe University,
he entered Asanuma Corporation in 1985. He became
associate professor at the Kobe University in 1999. He
assumed his current position as professor at the Archi-
tecture, Faculty of Engineering of Kobe University in
2010. His specialized field covers structural engineer-
ing and steel structures.

Fig. 1 Column to Beam Connection Stiffened by Exterior Diaphragms

(a) Circular hollow section (CHS) column (b) Concrete-filled steel tube (CFT ) column

Fig. 2 Local Deformation at Column to Beam Connection

(a) CHS column (b) CFT column

Fig. 3 Test Specimen (unit: mm)
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Fig. 4 Specimen and Test Setup

Fig. 5 Total Beam Deformation 76, Local Deformation L6 and
Beam Deformation 8O
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Fig. 6 Load-Deformation Curves

(a) CHS column

(b) CFT column
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Fig. 7 Fracture of Diaphragm
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Fig. 8 Skelton Curves
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Table 1 Chemcal Composition of BCR and BCP Materials

(%)

Type | Material | o Thir%krgess © Si Mn P S N | Ceq? | Pcm?®
designation| standard | MinMax | Max | Max |Min/Max| Max | Max | Max | Max | Max
MD%E?;’OZ' BCR2%5 | 6/22 | 0.20 | 0.35 | /1.40 | 0.030 | 0.015 |0.0062| 0.36 | 0.26
400 Nim Bor23s | 6/40 | 020 | 0.35 | 989 (0,030 | 0.015 |0.0062| 0.36 | 0.26
grade  |MDCROO3- 1.40
A1 gepags | 6/40 | 0.18 | 0.55 | /1.60 | 0.030 | 0.015 [0.0067| 0.44 | 0.29
49%2/(1";”‘2 M[’g&of”' BCP325T | 6/40 | 0.18 | 0.55 | /1.60 | 0.020 | 0.005 |0.0062| 0.44 | 0.29

Notes:1) In case when elements to fix N, such as Al, are added and inclusion of solid-solution type N is

0.006% or below, total inclusion of N can be increased up to 0.009%.

2) Ceq = C+Mn/6+Si/24+Ni/40+Cr/5+Mo/4+V/14

3) Pcm = C+Si/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V/10+5B; Applied in place of Ceq

according to the agreement between supplier and purchaser.

Table 2 Mechanical Properties of BCR and BCP Materials

Thickness Yield poir;)t or strength Tensile Yield ratio % Elonga.tion % Charpy impact
Type Material Svmbol mm N/mm? Min/Max strenath Max Min test; Absorbed
designation| standard y Min/M Mi /l\% energy
InfMax | <12 mm 12st INAVIaX 1t <12 mm 12st t<16 mm 16<t J Min (0°C)
MDCRO002-| BCRags | - 6122 205/ | 295/445 | 400/550 ; 90 23" 277 272
2
400 '[\;/dn;m BCP235 6/40 235/ 235/355 | 400/510 - 80 18 22 272
9 MDCR0003-
2017
BCP325 6/40 325/ 335/445 | 490/610 - 80 17 21 272
AL b WDERIY2Y pemessr | s 325/ | 335/445 | 490/610 - 80 17 21 7029
grade 2014
Notes:1) JIS No.5 test piece (tube axial direction): No.1A test piece for others
2) Applied for wall thicknesses of over 12 mm and average value of 3 test pieces
3) Applied for both plain/corner parts
Fig. 1 Manufacturing Process for BCR and BCP Materials
Leveler
. . il-to-coil
Slit coil Shear \?vZ:d-ﬁai?](i)rllg Looper Forming
Fusi Beveling Pressing
Removal of g ) using
weld bead A9 Marking
) Temporary assembly
High-frequency i Cutting/End i
welder Non-destructive  Flying Cutting facingg Inner welding Outer welding .
inspection cutting-off Inspection
Oiling Bundling

Roll-forming method (BCR)

Straightening
Press-forming method (BCP)
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Fig. 2 Concrete-filled Steel Tube (CFT)
Square Column Structure

Table 3 Mechanical Properties of Steel Plates for CFTs

Yield point or Tensile Tensile test Impact test Through-thickness
o Thickness proof stress strength Yield ratio Elongation Test Charpy | tensile test (%) min
Designation |~ (mm) (N/mm?) (%) St | absorbed
Min/Max | Thickness | (N/mm?) : Max Thickness | /o Test temp. energy (J) Ave. of Each
} Min/Max (%) ] (°C) gy
(mm) Min/Max (mm) specimen Min 3 tests value
6st<20 16 No.5
H-SA700A 6/50 - 700/900 | 780/1000 98 16 No.4 0 47" - -
20st<50
24 No.5
6<t<20 16 No.5
H-SA700B 6/50 - 700/900 | 780/1000 98 16 No.4 -20 470 - -
20=<t<50
24 No.5
SA440-B
19/100 - 440/540 | 590/740 80 0 47" - -
Gl <50 | 20 | No.4
40<t 26 No.5
SA440-C | 4q/100 - 440/540 | 590/740 80 0 47" 25 15
Grade 60
t<12 325/
SN490B Y
(Grade 50) | 0100 | 1251540 | 32575 | 490/610 | 80 ost<16 | 17 | NotA | O | % ; ;
16<t<50 21 No.1A
SN490C 40<t 28) No.4 Y
(Grade 50) 16/100 - 325/455 | 490/610 80 0 27 25 15
Note:1) Applied for wall thicknesses of over 12 mm and average value of 3 test pieces
Table 4 Chemical Composition of Steel Plates for CFTs (unit: wt%)
Thhialiess C Si Mn P S Ceq" Max Pcm? Max
Designation|  (mm) | Thickness Min/
MinMax | (mm) Max Max | Max Max Max | t<40 |40<ts50 | 50<t | t<40 |40<ts50 | 50<t
H-SA700A| 6/50 - 0.25 /0.55 2.00 0.030 0.015 0.65 0.32
H-SA700B| 6/50 - 0.25 /0.55 2.00 0.025 0.015 0.60 0.30
SA440-B
Grade 60| 19/100 - 0.18 /0.55 1.60 0.030 0.008 0.44 0.47 0.28 0.30
SA440-C
Grade 60 19/100 - 0.18 /0.55 1.60 0.020 0.008 0.44 0.47 0.28 0.30
SN490B
6/100 /0.55 1.60 0.030 0.015 0.44 0.46 0.29
(Grade 50) <50 0.18
50<t 0.20
SNA90C | 46/100 055 | 1.60 | 0020 | 0008 | 0.44 0.46 0.29
(Grade 50)

Notes:1) Ceq = C+Mn/6+Si/24+Ni/40+Cr/5+Mo/4+V/14
2) Pcm = C+Si/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V/10+5B; Applied in place of Ceq according to the agreement between supplier and purchaser.
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Photo 1 HIRAKATA T-SITE featuring protruding box structures

PHOTO: TAIZO FURUKAWA

Photo 2 Bustling inside the HIRAKATA T-SITE
overflowing into the plaza in front of the
station

PHOTO: ATSUSHI NAKAMICHI

Photo 3 Looking down the first-floor atrium en-
trance from the third floor

PHOTO: ATSUSHI NAKAMICHI

Fig. 1 Sectional Drawing
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PHOTO: TAKENAKA CORPORATION Fig_ 2 Arrangement of
Steel Frame Members

Corrugated steel plate
seismic-resistant wall

Main seismic-resistant element at
aboveground floors

Seismic-resistant
box structure

Suppression of torsion due to
maldistribution of seismic-resistant
element in long-side direction

Tl

Photo 4 Steel structure construction Concrete-filled steel

tube (CFT) box column

Improvement of rigidity of
seismic-resistant box structure

]
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PHOTO: TAKENAKA CORPORATION  Fig, 3 Arrangement of Steel Structural Members at Fourth Floor

Corrugated steel plate
seismic-resistant wall

Arrangement of main aboveground
seismic-resistant element in the periphery of core

Simple reinforcement
of connection

Development of reinforcement
detail for connection between
box column and H-shape beam

Heavy-wall seamless \ 20
steel tube W NG

Adoption of slender, heavy-wall round steel tubes
to lessen danger of passing visitors by making
slender the column at the building center space

Photo 5 Heavy-wall seamless steel tube used
as column

PHOTO: TAKENAKA CORPORATION

Photo 6 Building structure employing heavy-wall
seamless steel tube
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上原 敏志
ノート注釈
ここから表４です。
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