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Synopsis :

TS590MPa grade heavy gauge H-shapes having excellent weldability have been
successfully developed by applying an extremely-low carbon bainitic steel. The
developed H-shapes have high strength and high toughness, which satisfies the SA440
specification without any heat treatment. Because the steel has excellent cold cracking
resistance and low hardenability in heat affected zone, no pre-heating is required at
welding. Column to column and column to beam welded joints, in which the developed
steel was used as a column material, showed sufficient strength and toughness in terms
of SA440 specification. The developed heavy gauge H-shapes under a brand name of
"RIVER TOUGH 440" were applied to the high-rise buildings as column materials at
the HARUMI urban renewal project.
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Synopsis:
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TS590MPa grade heavy gauge H-shapes having excellent weldability have been successfully developed by applying an
extremely-low carbon bainitic steel. The developed H-shapes have high strength and high toughness, which satisfies the
SA440 specification without any heat treatment. Because the steel has excellent cold cracking resistance and low harden-
ability in heat affected zone, no pre-heating is required at welding. Column to column and column to beam welded joints,
in which the developed steel was used as a column material, showed sufficient strength and toughness in terms of SA440
specification. The developed heavy gauge H-shapes under a brand name of “RIVER TOUGH 440” were applied to the high-

rise buildings as column materials at the HARUMI urban renewal project.
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Table 1 Chemical compositions of steels used

(mass%)
Steel C Mn Cu Ni Nb B
SM490 class steel 014 13 — — — -
Extremely-low C bainitic steel | 0.02 1.6 Micro-alloyed
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«,,°: Bainitic ferrite, uy: Granular bainitic ferrite,
¢ : Quasi-polygonal ferrite
Fig. 1 Continuous cooling transformation curves (CCT) of
SM490 and the extremely-low C bainitic steel
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Fig. 2 Effect of the granular bainitc ferrite transformation start-

ing temperature on hardness of the extremely-low C
bainitic steels
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Reheating temperature: 1 200°C X 600 s
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Fig. 3 Effect of Cu content and cooling rate after hot deforma-
tion on hardness of the extremely-low C bainitic steels

Photo 1 Typical TEM micrograh of 1.0mass% Cu bearing
extremely-low C bainitic steel after slow cooling with
0.1°C/s (thin film)
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Table 2 Typical chemical composition of the developed H-shapes
(mass%)
C Si Mn P S Al Cu Others Ceq* Pem#*
0.02 0.30 1.25 0.010 0.003 0.030 0.87 Ni, Nb, B, Ti 0.267 0.156
*Ceq = C + Mn/6 + Si/24 + Ni/40 + Cr/5 + Mo/4 + V/14
**Pcm = C + Si/30 + Mn/20 + Cu/20 + Ni/60 + Cr/20 + Mo/15 + V/10 + 5B
Table 3 Mechanical properties at various portions of the developed H-shapes
. . . YP (0.2%YS) TS YR vEo
Steel Spec. and size Portion Dir. (MPa) (MPa) (%) 0
] SA440 Fl1/4-1/4¢ L 440-540 590-740 <80 >47 ]
Developed 582 x 510 X F1/4-1/4¢ L 487 636 77 212
H-shape 60 X 65 mm W1/4-1/4t L 458 632 72 153
172t Y
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Photo 2 Microstructures of the developed H-shape at various
portions
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Fig. 4 Macrostructure and hardness distribution of developed
H-shapes at flange portion
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Table 4 Results of y-groove weld cracking test according to JIS Z 3158

. . Cracking ratio (%
Thickness Welding Welding conditions Pre-heat Cgross 2 Root
(mm) electrode Current Voltage Speed temperature Surface section section
@ ™ (mm/s) €O (%) %) %)
0.0 0.0 0.0
JISZ 3212 25 0.0 0.0 0.8
D6216 0.0 0.0 0.
40 (KSAS6) 170 25 2.5 00 00 00
4mmg 50 0.0 0.0 0.0
0.0 0.0 0.0
—37— JUBF SR Vol. 33 No. 3 2001
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Fig. 5 Maximum hardness observed for unsteady-state welding
of short bead length and arc-strike
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Table 5 Welding conditions for column to column and column to beam structures

. . Travel Heat
. Welding Preheating Inter-pass Current Voltage h
Item Welding Method speed input
electrode temperature temperature A) (\%) (mm/s) (kJ/mm)
JIS Z 3312
Column to CO, gas . . .
column welding ~ Multilayer zflgc\?\g%% 2100°C =80°C 290 35 5.8 17
Column to CO, zas JIS Z 3312
beam and 2 8 Multi-layer YGW11 =100°C =80°C 330 35 5.0 2.3
welding
stiffener (KC-50)
1/4B
1/4B Developed
H-shape
Developed k
H-shape ~_|
Beam flange @ ?ggjggg)
(SN490B)
Developed m% Develo
o ped
Hshape - UZL; @ H-shape .
Horizontal
fillet Horizontal
B fl fillet
cam e gexileloped l Stiffener
Horizontal FB25 x 9 > ape %\
Developed
H-shape
\’ @

Fig. 6 Welding details of the column to column and the column to beam structures simulated by an actual construction method
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Table 6 Tensile test results of welded joints

ftem (I\;Irga) Fracture position TNlustration of welded joints
Column to column 631 Column

(Base metal)

Column to beam
and 526
column to stiffener

Beam
(Base metal)

Developed

Column to column Column to beam

Developed =1/ 2t Developed D?velopled Beam (SN490B: 28 1)
300
Fl/41/4 300 1/4t
E 250 F M E 250
£ 200f 2
-1
E 150 |
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100 — 1 Losl B} 1 I\ L
0 20 40 60 80 0 20 40 60 80

Distance (mm)

300
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E 250 F

2

L 2001
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Distance (mm)

Fig. 7 Hardness distributions of the column to column and the
column to beam joints
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Table 7 Charpy impact test results of welded joints

Position Direction XOI:::SE ‘2‘%’ [lustration of welded joints
L HAZ 316
1/4¢ L Bond 255
L W.M. 143
Column to Fi/45 L HAZ 339 BM
column 1/2¢ L Bond 242
I WM. 11 developed
1/4t L HAZ 248
F1/2B 1/2¢ L HAZ 164
z HAZ 286
Column to F1/4B 1/2¢ Z Bond 232 =
beam VA W.M. 164 Stiffener g
and SN490B .
stiffener F1/2B 1/2 z HAZ 263 pimm
—39— JH{d R %54 Vol. 33 No. 3 2001
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(a) The lower layer structure using the RIVER TOUGH 440 as

column materials
(b) The exterior of the renewal project

Photo 3 Construction landscapes of the Harumi urban renewal
project

(3)

¥ B

MERENL T4 MAEERT 22T, WHREIIRD TER
590 MPa #tii/¥ H EH 4 e E TRET 5 Z sl EAk
L7z, BRMOBME LUMTHEIILTOMD TH S,

()

Y 7EE582mm, 77 Y YUH510mm, 7 x 78 60mm,
75V OE 65mm DEBEY 4 XizbWTE, EENE ETH
PR (SA440) DB EMZET 2 @ABE TrO>EINEE T
B

(2) BEREIL, KEHIEZIERLT -2 271 2D HAZ i

et hifsd TR, BhidEites a5,

RVEIENE LT & BB L b KO — kT A fERIL, %
OREFPERE & AR L /R, SF itk Tag e et e
HT5ZENMRTE .,

(4) PBHFEL 7= 590 MPa #8E H JEEIE, NG R E SR O

RIVER TOUGH 440 & L TRt L, RAEOBHR T Y 2 o
b ORISR RN & L TENTYI TR S Rz,

&, 1300t #808, MALL, ZO7avxs b TE, A 590 {1 A5 % (M) B & b RIVER TOUGH 258 M & h - &Moo R g
MPa #MJE H 8 & & 1244045 1995 FEIZEL 7 4990 MPa st WOBELGHAR O AL EE L, JTI0, L TRH L
TMCP )% H 8 (RIVER TOUGH 325) #5500t dRHi 2 7=, E3 I8

2 £ X M
) OARMED, WIERRE, NN IR, 30(1998)4, 215-221 8)
2) HIF FF. B8, AUHEE T NGRS, 30(1998)1, 21-26
3) SRR, B, WCHIGRRE IR, 33(2001)3, 132-136
4 MW RERY 567 5 ¢ BEMEHGELE 590 N/mm?® # 4H 9)
(SA440B, C) HEHERLE, 1997. 9. 24
5y WERYERE, KUFEE -, bk OF 1 ISk, 30(1998)3, 131-136
6) HHHER, EFSE, DM - NIRRT, 32(2000)2, 119-124 10)
7y HAEBBHE A4 P HEIIRARW (O F A ALY
1), (1992), 4, (Bl ARG R)

J il 34 $k4% 3 Vol. 33 No. 3 2001 — 40—

K. Hase, T. Hoshino, and K. Amano: Int. Symp. on Steel for Fabricated
Structures, Conf. Proc. from Materials Solutions *99, Ohio (USA),
(1999) November

M. Okatsu, E. Kawabata, K. Amano, M. Sato, and T. Okui: Int. Symp. on
Steel for Fabricated Structures, Conf. Proc. from Materials Solutions
’99, Ohio (USA), (1999) November

HA a2 0 [ 31 i (Design Standard for Steel Struc-
tures) ], (1973 5 HiET)



