JFE £ No. 33
(2014 £ 2 A) p.25-31

SRS A SMAE 590 N/mm? #% TMCP 884k THBL®440 |

High Performance 590 N/mm? Class
Thermo-Mechanical Control Process (TMCP) Steel Plate
“HBL®440” for Building Structure
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Abstract:

Conventional 590 N/mm? class steel for building structures, SA440, has been manufactured by a multiple off-line
heat treatment processes involving intercritically reheated quenching, in order to achieve low yield ratio required for
seismic resistance buildings. High performance 590 N/ mm? class thermo-mechanical control process (TMCP) steel
plate “HBL"440" for building structures, which can be manufactured without an intercritically reheated quenching,
has been developed by applying the uniquely advanced JFE Steel s on-line accelerated cooling system. The developed
steel plates from 19 mm to 100 mm in thickness satisfy the specification of SA440 and exhibit excellent weldability and
high heat affected zone (HAZ) toughness in welded joints with very large heat inputs. Furthermore members

fabricated with the developed steel plates have achieved equivalent plastic behaviors to those of SA440.
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Fig.2 Schematic illustrasions of controlling multi-phasemicrostructures with accelerated cooling
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Fig.3 Examples of stress-strain curves

4 4 FHEEHEE © D0 F AEROM R R T, MA
DTFAEIFYS DR ¢ TS oz FiFizc b 726 L, KYR
{EANDELGIFRFHIA 3 W,

2D &5 7% 2 7 uioEHRRIENC & 2 &Rz (K YR
etk owiniig, K2 () o & 5 ihndia a2 &b -cfil L
T7 =74 RIS ERD, (D &5 Llinilfic 7 =
Z4 PRI S 2 MAEERIENC L > CLFBITE 5, %
7z, Mn, Cr, Mo, Nb 7% ¥ OEEIRMIC & > T MA OERK
EHSRINT 2 Z e pHIbRTEY Y, Cho0aRTERm



TSRS P M 590 N/mm? # TMCP $i#k HBL®440

EOREILLEETH S,

FAFEH ClE, SASE L O ATERINHI S % — R AREIC T
% JFE 2 F — V3h [ O SRH K 5 8 Super-CRY ¥ Super-
OLAC®™ #iEf ¥ 2 ¥ ¥ $12, Cr, Mo, V, Nb ORI
PhROEIET 5 22l &k -0, EIER 2 2 v iRk B
PR LT,

22 BARARBERAZEBEHLEM

FEE eV OBEEY UCHER SN2 A SHY R v 2~
AFEOEUEIZIE, =L 2 a2 T IERE (ESW) L HE
BT =7 — o (SAW) 72 ABVE D 500 k] /cm &
2z BEBAABAESER S, B8 (HAZ) OFL
WL Y 7 56

I F TORABHAZ $Em EFiEe LTE, (D TiN
SLEAEYI 72 ¢ EiE T b E R IR T BIC K 2 A — 2T
4+ (p) MKk, (2) 1K C %7213 Ceq {b (Nb {Kjk b
B ICLBHEAMKT, B MM ER FIEHIC L 2 y
RIN 7 = 5 4 FAERIEHEZR Y, FEBSIBE A ME DR B0 7%
FICHAZMHMZ 7= 94 b EARET 2L, MA%
BU EEANA F A R OB O B R T T 5 C ¥
DEATH 5T 5)0

—J, ABHFEML, BEMRT A T4 EETOME
RE(ED 72012 Mo R ¥ DEEICELIINL, ek & 0 BE
AEDRREm DR LT\ 3b, 20, Ry 2 2k
72 & R ANBAA RS ME DS RRIC TR SN B (ERRIC G T 5
BRIz, KAZNAR: HAZ T EEi<A4 + 4 FOEK % HFA
L7729 Z2T, LEi~4F4 o MAZERZMZ 2 2
eI & Bt 2 M Lic, SifEIkiC & h KAZAHAZ 12
T 2 MA DA T 2 v B3k M6 TWw 2 H ),
Si AP AT 222104 D, 3512 MARIZED
L CHAZ WD B35, BE 213, AZL1000k]/cm O
ESW 74 Bond H53af & B3 2 243 4 7 v (1 400°CHIZY,

2 sy N
(b) Developed
(0.25Si-0.010P) (0.06Si-0.004P)
VEyc =131 VEgc =421
MA : Martensite-austenite constituent
vEy¢ : Absorbed energy

B&H2 ESWEHOBEIR HAZ f8i
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Table 1 Chemical compositions of developed steels

) Chemical compositions (mass%) - 0
Thickness (mm) - Ceq Pem
C Si Mn P S Others
19 0.06 0.21 1.47 0.008 0.002 0.42 0.17
25 0.06 0.21 1.45 0.010 0.002 0.41 0.17
40 0.05 0.21 1.46 0.009 0.001 0.41 0.16
Developed steels 50 0.05 0.21 1.47 0.010 0.001 Cr, Mo, Nb, V, Ti 0.41 0.16
60 0.09 0.06 1.50 0.005 0.002 0.45 0.20
80 0.09 0.07 1.46 0.004 0.002 0.45 0.20
100 0.08 0.07 1.49 0.005 0.002 0.45 0.20
=40 <0.030" <0.44
Target of HBL440 <0.12 =055 <=1.60 o =0.008 as necessary =0.22
40<t =0.020 =047

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

“Pey = C + Si/30 + Mn/20 + Cu/20 + Ni/60 + Cr/20 + Mo/15 + V/10 + 5B

“HBL440B, “HBL440C

JFE $#R No. 33 (2014 4 2 H)
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Table 2 Mechanical properties of developed steel plates

. ) Tensile properties Impact properties
Thickness (mm) | Specimen B B
YS (N/mm”) TS (N/mm") YR (%) El (%) vEoc (J) vIrs (°C)
19 490 619 79 18 358 -95
25 JIS 1A 487 613 79 21 371 —65
40 485 614 79 27 364 —45
Developed steels 50 484 612 79 31 380 - 105
60 482 631 76 29 347 -50
IS 4
80 471 601 78 27 348 -85
100 471 603 78 28 340 -80
19=1<32 =15
JIS 1A
Target of HBL440 32<t=40 440~540 590~740 =80 =16 =70 —
40<t=100 IS4 =20
YS: Yield strength TS: Tensile strength YR =YS/TS El: Elongation

vEoc: Absorbed energy

x3 yRaEINSRER
Table 3 Results of y-groove weld cracking test

vTrs: Brittle to ductile transition temperature

Test conditions Cracking ratio (%)
Thickness | Welding c ol b
(mm)| method onsumable re- .
Welding conditions | heating Surface | Section | Root
MG-60, $1.2* 0 0 | o
100 GMAW | 250A-30V-26cm/min no

(CO2) | (17 kJ/em) (5°0) 0 0 0

Atmosphere: 5°C, 60%

*Kobe Steel, Ltd.
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Table 4 Welding conditions
. . . Consumable .
Welding method Thickness (mm) | Pre-heating Groove shape [ S o Heat input (kJ/cm)
Welding conditions
35 Wire (L) : KW-101B*
A Wire (T) : KW-101B™
_ 60 Flux: KB-551"
Submerged arc welding (SAW) 60 no (17°C) T N 572
J (L):2300A-38V
o1 (T): 1800A-52V
(mm) 19 cm/min
= Wire: KW-60AD*
- Flux: KF-100AD ™
Electroslag welding (ESW) 100 no (8°C) S T 960
L 380A-52V
e 1.2 cm/min

JFE £t No. 33 (2014 4E2 H)

*Kobe Steel, Ltd.
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Table 5 Specimens of stub-column test
. 12 Oy ‘ Ou
Specimen B (mm) ¢ (mm) B/t (B/t) (&) A (mm) h (mm) 3 0y/0y EL (%)
(N/mm”)
BOX 1 4553 19 24.1 1.18 32990 1367 495 621 0.80 43
BOX 2 512.2 19 27.1 1.30 37 296 1538 472 612 0.77 44

B: Width, ¢: Thickness, &,: 0y/E, E: Young modulus = 205 000 (N/mmz), A: Area, h: Height,
0y: Yield strength, oy: Tensile strength, EL: Elongation, (0y, 0, and EL are from coupon tensile test, JIS No. 5)

JFE £ No. 33 (2014 4= 2 H)
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€max © Strain at o, from a stub column test
Omax : Maximum stress from a stub column test
€, :Yield strain from a coupon tensile test

B :Width

t : Thickness

E  :Young modulus
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Fig. 7 Result of stub-column test
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Fig. 8 Set-up of cyclic loading test of connection
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Scallop ap 18-M24 »
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Welding conditions of both specimens

Welding material : JISZ 3312 GS59JAIUC3MIT
Heat input : Not more than 30 kJ/cm
Interpass temperature : Not more than 350C

End tabs: SM490A (Steel in JIS G 3106)

9 HZURSERDH

Fig.9 Details of connections
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Table 6 Mechanical properties of the developed steel plates for specimens of welded beam-to-column connections

Column flange and web Beam flange Beam web
Specimen Oy Oy EL | vEoc oy Ou EL | vEoc oy Ou EL | vEyc
oy/0y 0y/0y 0y/0yu
(N/mm’) ’ OO (N/mm?) g’ ) | O (N/mm”) ! ) | O
S (Scallop)
1 499 | 641 | 0.78 48 316 | 494 | 631 | 0.78 47 290 | 496 | 630 | 0.79 43 379
NS (Non-scallop)

oy: Yield strength, oy: Tensile strength, EL: Elongation, (0y, 0y, and EL are from coupon tensile test, JIS No. 5)

vEo-c: Charpy absorbed energy at 0°C

JFE ¥R No. 33 (2014 4£ 2 )
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Fig. 10 Result of cyclic loading test of connection
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