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High-Performance Cold-Press-Formed Rectangular Columns (490 N/mm?
and 550 N/mm? Grades) for Building Structures

Tetsuo YAMAGUCHI « Fuyuki ITO - Shigeo OKANO - Hiroshi TAKAHASHI
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Abstract

This paper presents the development and characteristics of high-performance cold-press-formed rectangular
columns, SBCP325TF (490 N/mm?® grade) and SBCP385TF (550 N/mm?® grade). To ensure stable toughness in
the corners and heat-affected zones (HAZ), the thermo-mechanical control process (TMCP) has been applied to
enhance the toughness of the base steel plate, while the chemical composition has been optimized to achieve
a low f;;,, index. As a result, the additional design requirements specified in the public notice can be omitted,
eliminating the need for the previously required non-brittle-fracture welding. Furthermore, both short-column
compression and member bending tests confirmed excellent structural performance, and these achievements
led to ministerial approval and certification by the Building Center of Japan. These columns are already being

used in actual buildings.
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Fig.1 Example of microstructure (SBCP385TF)
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Table 1 Chemical compositions

Size Chemical composition(%)
Type symbol - -
(mm) C Si Mn P S Ti N Ceq | Pem | fhaz
0400x16 | 0.14 | 0.35 | 1.23 | 0.007 | 0.001 | 0.011 [0.0042| 0.36 | 0.22 | 0.35
0600x25 | 0.14 | 0.34 | 1.22 | 0.007 | 0.001 | 0.011 [0.0035| 0.36 | 0.21 | 0.34
SBCP32STF ™ 550-40 | 0.14 | 035 | 1.23 | 0.007 | 0.001 | 0.011 [0.0042] 036 | 022 | 035
SpeC. =0.18 =055 =1.60 =0.020 =0.005 0\;%0(5); Oé(i)o(Z)oi =0.38 =0.24 =046
0600x19 | 0.14 | 0.32 | 1.21 |0.007 | 0.001 | 0.011 [0.0043| 036 | 0.21 | 0.35
0550x25 | 0.14 | 0.32 | 1.21 | 0.007 | 0.001 | 0.011 [0.0043| 0.36 | 0.21 | 0.35
0450x28 | 0.14 | 0.35 | 1.26 | 0.007 | 0.001 | 0.012 [0.0041| 0.37 | 0.22 | 0.35
SBCP385TF
o450x40 | 0.14 | 0.32 | 1.21 | 0.007 | 0.001 | 0.011 [0.0043| 0.36 | 0.21 | 0.35
0650%60 | 0.13 | 0.35 | 1.48 | 0.012 | 0.001 | 0.013 [0.0047| 0.40 | 0.22 | 0.40
Spec. =0.20 =055 =1.60 =0.020 =0.005 OéOOO(SJi ;go()zoi =0.40 =0.26 =046
Co=C+Mn/6+Si/24-+Ni/40+Cr/5+Mo/4+V/14
Per=C+Si/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/1 5+V/10+5B
fiaz=C-HMn/8+6(P+S)+12N-4Ti (Set Ti = 0 when Ti < 0.005)
R2 HWAVEE
Table 2 Mechanical properties
. Flat section Corner section
Size
Type symbol (mm) YP TS EL YR | vEo YP TS EL YR | vEo
NmmANmm?) (%) | %) | () [(Nmm)Nmm2)| %) | (%) | O
0400<16 | 396 | 517 | 29 77 | 296 | 517 | 597 | 23 87 | 253
0600x25 | 364 | 504 | 28 72 | 309 | 481 | 565 25 85 261
SBCP32STF " 550.40 | 397 | 525 | 33 76 | 257 | 506 | 560 | 26 | 90 | 245
S])EC. Zji 4—5921;;) 21 =80 70= - - - - 70=
0600<19 | 442 | 599 | 22 74 | 261 | 594 | 678 19 88 | 223
0550<25 | 449 | 581 26 77 | 261 | 566 | 654 | 20 87 | 230
045028 | 442 | 3586 | 27 75 | 295 | 564 | 641 17 88 254
SBCP3&STE ™ 0is0-a0 | 422 | 589 | 29 72 | 244 | 586 | 661 21 89 | 212
0650%60 | 447 | 589 | 35 76 | 286 | 615 | 688 | 21 89 | 228
Spec. g;i 227—:0 ;?i:: =80 70= — — - - 70<

Tensile test specimen from flat section : JIS Z 2241 No.1A (t=40), No. 4(40<t)-1/4t, transverse
Tensile test specimen from corner section: JIS Z 2241 No.14
Charpy impact test specimen from flat section: JIS Z2242 full size-1/4t-longitudinal

Charpy impact test specimen from corner section: JIS Z2242 full size-surface- longitudinal
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Table 3 Heat input and interpass temperature control conditions for through diaphragm welds

Tvpe symbol Welding Pre- | Heat input | Interpass temperature
Ipesy consumables heating | (kJ/cm) (°C)
YGWI18
SBCP325TF N =30 =250
(MG-56R) one
G59JA1TUC3MIT
SBCP385TF N =30 =250
(MG-60) one
8 -
6 7
= :
=/ > d
W
-
a) [1400 x 16(SBCP325TF)  b) (1600 X 19(SBCP385TF) ¢) [1550 x 25(SBCP385TF)  d) (1450 x 28(SBCP385TF)
b%ﬂ%
e) (1450 X 40(SBCP385TF)  f) (1650 X 60(SBCP385TF)

2 BRI OB
Fig.2 Examples of weld build-up diagram

Heat input  Interpass temperature ~ Heat input Interpass temperature  Heat input Interpass temperature ~ Heat input Interpass temperature
(k/em) (°C)  (kl/em) ©c) (kl/em) cc)  (Klfem) Q)
30 Heat mout 300 30 300 30 300 30 300
eat mpul . 2

L 250 Heat input 250 Heat input L 250
20 A F 200 20 4 20 1 F 200 20 1

r 150 r 150
10 4 r 100 10 A 10 1 r 100 10 1

[ 30 terpass temperature | Interpass temperature 50 Interpass temperature
0 ; InlterPasls te:mp:elalnu. 0 0 . . . 0 0 : . . i . 0 0 ——— — 0

0123456738 0 2 4 6 8 0 2 4 6 8 10 12 0 2 4 6 8 10 12

Number of passes Number of passe:

S

Number of passes Number of passes

a) [1400 x 16(SBCP325TF) b) (J600 x 19(SBCP385TF) c¢) [1550 x 25(SBCP385TF) d) (0450 x 28(SBCP385TF)
Heat input  Interpass temperature Heat input Interpass temperature
(kJ/cm) O (kl/cm) (°C)
30 - 300 30 300

Hegj input
F 250
20 1 F 200 20
- 150
10 + F 100 10
Int S t ature | 0 Intelpass temperature
0 nk expe:ss eympe'xa ule 0 o B : ; ! 0
0 4 8 12 16 20 0 8 16 24 32 40
Number of passes Number of passes
e) 0450 x 40(SBCP385TF) ) (1650 X 60(SBCP385TF)
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Fig.3 Examples of heat input and interpass temperature records
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Fig.4 Examples of cross-sectional macrograph (flat plate section)
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Table 4 Results of tensile tests on welded joints and weld metal, and Charpy impact test of weld zone

Tensile test of welded joint™! Tensile test ;Zf Charpy impact test of welded joints (0°C.J)
Size weld metal™
(m) Tglat se;[riorl - i;)mer s;:ti(;nr \l;[l,at secti(;ns Flat sectiorll3 o Corner sscti(l)grz) —
(N/mm?) poa;i:tili): (N/mm?) poi‘i:tili): (N/mm?) |(N/mm?) DEPO | BOND Imm DEPO | BOND Imm
0400x16| 514 |Base metal| 630 |Base metal| 531 620 106 219 288 89 225 281
SBCP325TF [0600x25| 512 |Base metal| 608 [Base metal| 558 620 187 193 219 175 180 227
0550%40{ 533 |Base metal| 625 |[Base metal| 540 609 189 261 288 204 215 232
0600x19] 599 |Base metal| 713 |[Base metal| 653 678 182 237 252 188 218 262
0550%25| 579 |Base metal| 660 |Base metal| 621 659 181 246 222 195 206 215
SBCP385TF [0450x28| 585 |Base metal| 659 |Base metal| 575 633 169 249 233 175 216 236
0450x40| 570 |Base metal| 664 |Base metal| 584 630 80 177 173 89 191 229
0650% 6! 558 |Basemetal| 660 [Base metal| 541 605 126 185 223 156 191 226
%1 JISZ3131 No4
%2 JISZ3111 No.Al ¢l12.5mm
BIRER IS ERARE S REL R R T/, R
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Table 5 List of stub column compression test specimens

i i Yield strength
. Width Thickness ield streng Generalized width-to-
Specimen b t o thickness ratio rank
(mm) (mm) (N/mm?)

FA 285 16 427 0.81 FA

FB 295 12 442 1.14 FB

FC 350 1.35 FC

Generalized Width-to-Thickness Ratio; D/t*(cy/E)
FA
8
g 10 o
A £ 8
E
FB <§ 6 :
Q 1
FC S, Target value
-2 FB
“ B
a 2 ol €
0
o 1 2 3 4 5 0 0.5 1.0 1.5 2.0
Strain(%) Generalized width-to-thickness ratio

test

GFE

Box column

X6 AL REREOIME GRERIKFB)

Fig.6 Appearance after stub column compression
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Fig.7 Plastic deformation ratio-generalized width-
to-thickness ratio relationship
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Fig.8 Configuration of bending test specimen for structural component

Loading point
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Table 6 List of specimens for bending test
Size length Loading direction Width-to- Equivalent width-to-
(mm) (mm) (deg) thickness ratio thickness ratio
0600=25 24.0 0.99
SBCP325TF 055040 3,900 45 138 277
0550x25 22.0 0.91
BCP385TF 1 4
SBCP38S 0450x40 3,160 > 11.3 3.84

Equivalent width-to-thickness ratio; E/c,* (/D)

9 FBRAT IR

Fig.9 Loading condition in member bending test
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Fig.10 Fracture appearance at the end of the test for SBCP385TF ([[]1450 x 40)
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Load-deformation relationship Load-deformation relationship
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11 M-GBtROH
Fig.11 Examples of M-# relationship
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Fig.12 Width-to-thickness ratio-cumulative plastic deformation
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Fig.13 Cross-sectional macrograph of fractured corner after failure
cycle (SBCP385TF [1450 x 40)
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Fig.14 SEM images of fracture surface (SBCP385TF [1450 x 40)
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R 7 SBCP325TF 1% #k <115
Table 7 Fabrication dimension table for straight columns in SBCP325TF

Thickness t (mm)
16 =t<25 25=t<28 28=t<36 36=t<<40 40
350=D <400 O - - - -
Side 1 400=D<450 o O — — —
length

b 450=D<500 @] O O - —
< —

(mm) 500=D<550 O @] O O
550=D=1000 O O O O O

Note 1: The above table refers to square cross-sections.

Intermediate sizes listed in the table are also available for production.
Note 2: In the case of rectangular cross-sections, production is possible as long as both the shorter and longer sides

fall within the range specified in the above table.

%8 SBCP385TF % #yk i3
Table 8 Fabrication dimension table for straight columns in SBCP385TF

thickness t (mm)

195t<40 40=t<45 454<50 50=t<55 55=<t<60 60

400=D <450 O - - -

Side 450=D <500 O O - -

length 500=D<550 O O @) -

D 550 =D <600 O O QO O -
(mm) 600=D< 650 O O O O O -
650=D = 1400 O O @] O O O

Note 1: The above table refers to square cross-sections.

Intermediate sizes listed in the table are also available for production.
Note 2: In the case of rectangular cross-sections, production is possible as long as both the shorter and longer sides

fall within the range specified in the above table.
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Fig.15 Corner toughness performance of SBCP325TF
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Fig.16 Corner toughness performance of SBCP385TF
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