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Abstract

For safety against earthquake and for high efficient welding in high-rise building constructions,
Nippon Steel & Sumitomo Metal Corporation has developed various high performance steel based
on the new technology for HAZ microstructure refinement, HTUFF™. This paper presents the
performance of two types of HTUFF plates, one is 590 N/mm? class steel for welded box columns

and the other is 550 N/mm? class steel for cold forming square tubed columns.
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2. 590 N/mm2iRF (KB A TMCP 1R

21 FAROER

T SERE S B VERE 590 N/mm? $iHF (SA440) 1%, EFER
o (80%LIY) & REEL7-@mmEMm e LT, (—+h) HAS
Sid B (Ml CRb) S A E2E5R) 12T 1996 4F I HIE L &
N7ze ZOH%, BREBEEYOMNE AR Y 7 AZ#H ST
W, S R LR C OB O ME NIRRT O E
ZFC, B ORI RS S NG 72, U v 7
ZEEICHWON NS AT 7 I L7 NORT T EE
(Electro Slag Welding: LU, ESW) Rk FH 7 ~—7 —
7 %% (Submerged Arc Welding: LT, SAW) Tld, Z0i#&
BABRERORE S OEE, 1912 HAZ SO RS
WiECThH b, €T, BHEBITNELZELDTICHAZOD
Bkm %[ % 728, HTUFF %@ L 72 590N/mm? #45
HAZ #9V:8 (BT-HT440C-HF) % BAFSL 72 9,

— 5T, S OFEBEILIZAE ) BEEOKTIIHRO T
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28T, FIIMELEBL Tn5,

=1 BE%E (SP-HF) &iesksl (SPE) Dbz
Chemical compositions

Steel Thickness | C Si | Mn P S Py

* mm) | (%) | (%) | )| @) | %) | (%)
SP-HF 40

0.0910.08 | 1.56 | 0.009 | 0.002 | 0.18
Developed steel 60
SP 40

. 0.080.27 | 1.56 | 0.009 | 0.002 | 0.18
Conventional steel 60
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*=3 BRI (SP-HF 60mm) Dy FiaEIIhRBRER
Results of y-groove cracking test (SP-HF 60 mm)

Test conditi Test results
est condition ) )
Cracking ratio (%)

Welding
consumable
JIS Z 3312
G59JA1UC3MIT
1.2mmao

Welding
condition

Preheating

Surface | Section | Root

temperature
0°C 0% 0% 0%
0°C 0% 0% 0%
20°C 0% 0% 0%

100%CO,
17kJ/cm

=2 FARM (SP-HF) &fekil (SP ) DREmAvF
Mechanical properties

Steel Thickness YS TS YR EL’ VE,

(mm) (N/mm?) (N/mm?) (%) (%) Q)

SP-HF 40 495 668 74 47 (No.5) 287
Developed steel 60 497 643 77 26 (No.4) 272
SP 40 517 634 76 50 (No.5) 336
Conventional steel 60 468 635 74 27 (No.4) 347
SA440 19 = 440 = 590 = = 80 26 = (No.5) 47 =

Specification = 100 = 540 = 740 20 = (No.4)

* Test piece for tensile test: JIS Z 2241
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F4 BRI (SP-HF) &1k (SP#l) DBERFARE—E
List of welded joints test specimens

Welded joint No. Welding process Column skin-plate Inner-diaphragm Welding consumables | Actual heat input
F-E46 -A ESW BT-HT440C-SP-HF BT-HT385B -A 792kJ/cm
-B 40 mm 60 mm -B 979kJ/cm
P-E46 -A ESW BT-HT440C-SP BT-HT385B -A 833kJ/cm
-B 40mm 60 mm JIS Z 3353 -B 1031kJ/cm
F-E64 -A ESW BT-HT440C-SP-HF BT-HT385B YES602-S/FES-Z -A 582kJ/cm
-B 60 mm 40mm -B 655kJ/cm
P-E64 -A ESW BT-HT440C-SP BT-HT385B -A 571kl/em
-B 60mm 40mm -B 676kJ/cm
BT-HT440C-SP-HF JIS Z 3183 -A 342kJ/cm
F-S6 -A SAW-2pass
60 mm S621-H1 331kJ/ecm
BT-HT440C-SP-HF JISZ 3183
F-S6 -B SAW-1pass 60mm S622-H4 -B  489kJ/cm

HAZ1:F L+1mm Depol:F.L-lmm BOND:F.L.

Depol:F.L.-lmm

L=40,60

N
[ Jf -

41=40,60
——
| ——

HAZ1:F.L+1mm

BOND:F.L

#=40.60
:=40.60

(a) ESW (b) SAW

1 JyIlE—EBHBRRFOERUES / v FHE
Specimen and V-notch positions of Charpy impact test
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ELMRER S AIIIABZHZ L ENEELEZ b,
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3.1 HEOER
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(b) E64-A

O SP(60mm)
© SP-HF(60mm)

F.L.-Imm F.L. F.L+1mm
Notch positions
(c)E46-B

2 ESW HABRAEERERER
Results of ESW Charpy impact test
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3 SAW HERMAEEHARER
Results of SAW Charpy impact test

40Uty

(a) Developed steel(SP-HF)

(b) Conventional steel(SP)

HAZ microstructure of ESW fu5|on zone
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T\ 7 e ) 55 0 EELESEY) O ~ O A3
L Tw5 9,
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BCP325 L[tk EHRE ik x T b OGN EoHL
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fiETHY, ELMARREL, ek - TEHEICH
LC(—) HARBEE L ¥ — @%E%EX& L7z &8,
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~REBIIRT L HIT, EAEEE DS 325N/mm?> 2 UF 385N/
mm? O 2 KHE, JE S F O RIFA 5 X3 % B ff
B C HEOF A TEOHME TRERL L T b, BITEIL, ARG
TORE LT AERIZB T HBEMEM & L TREm 7L —
FOY ¥ VE=IT A )VF—0C, 70J LEZRFEL T
Who F/z, FRMETREEAHY 385 N/mm? DHERDEGH 7L AR
TEA TS BCHT385B,C HM R AME S0mm 725722 &1
xf L, BCHT385BTF,CTF ClIi AT 60mm F Tk L
TWwh,

-

B LT, RN (C), WIS
B (P, ISR, ~ 7B B (1, ) A8

ELTWD, AT 75 0LEDBEFEEIZH VT BCP325 &
[l UVASERE G i & A - S AR OISO A THIRO
BEHBGEART (HAZFR) 12°0C, 70J E" v v e —
LT AL F — 2 MR &9, HAZ S8BT 5 it mis
BT 5728, f,,, % BCP325T 1) & 0.12% K% S &72
046% LN FIZHIZ, E5I1I2F% Y (Ti) £%FE N) LT

BRZ e LC Ti-N AT IS X 28 SR ORI L &2 3 L
T 5 10,

3.3 BIEMTFIOMEE SAEEM & L TOEEMRE

BCHT325BTE,CTF & BCHT385BTF,CTF (&, RiTHOMERE
BAG L2 EICED, HIC—iREH 7 L AR AT
i 7 7 A S EER S LD BT IE o @ H 2 Fdt
T&, WHEARY 7 AL F UL THRETTES 9,

FAT 7T LEDEHETIE, BCP325T 28 L2 BEOE
¥ — FILIROFME IR, #iSERILE L ko6
DIFMELNERER L, e - B2 6 LTE 5%, $72,
OB E 7L AR T — 23— ATEHE & Vw56
b, Ry MEBEIWHEIC R AEDA) v PO EZTE D,

BCHT385BTF D& OE AT 51k 5E, FEHA & LT
DR IEEBEIZ DWW TLIFICEL$s BCHT385BTF D& H:HS
PERERHIC 31T 2 R DL 2 RO, PG & AR
DOFEMIEE 2 R10IIR T, /2, BHEBLEGEZR

x®5 {EZEERHD
Chemical compositions
Steel Thickness (mm) C (%) Si (%) Mn (%) P (%) S (%) Ti (%) N (%)
BCHT325BTF 16 = = 0.030 <0.015 0.005 = 0.002 =
=0.18 =0.55 = 1.65
BCHT325CTF <40 = 0.020 = 0.008 = 0.025 = 0.006
BCHT385BTF 16 = = 0.030 = 0.015 0.005 = 0.002 =
= 0.20 = 0.55 = 2.00
BCHT385CTF = 60 = 0.020 = 0.008 = 0.025 = 0.006
+*6 HMEIME
Mechanical properties
EL’ E,(J
Steel YP (N/mm?) | TS (N/mm?) YR (%) : — vE, ()
Thickness (mm) | Test piece (%) Flat Corner
BCHT325BTF 325 < 490 = t=16 17 =
=80 1A 70 = 70 =
BCHT325CTF = 445 =610 16 <t=40 21 =
BCHT385BTF 385 < 550 = t=32 1A 15
=80 70 = 70 =
BCHT385CTF =505 = 670 t>32 4 20 =
* Test piece for tensile test: JIS Z 2241
w7 BEEM *£8 EIAHMEMFME
Weld properties Through-thickness characteristics
Steel Thickness (mm) C, (%) | Py () fia, (%0) Steel Reduction of area (%)
€C.
BCHT325BTF A Each
16=t=40 | =038 | =024 | =046 veraee «©
BCHT325CTF BCHT325CTF o5 < Is<
t <19 <044 | =029 BCHT385CTF - -
BCHT385BTF
BCHT385CTF 19=t=50 | =040 | =026 | =046
50<t=60 | =042 | =027
%9 BCHT385B & DIbZR S, BiEME
Chemical compositions of specimens (BCHT385B)
Spec. No. Section D x ¢ (mm) C Si Mn P S Ti N Co Py fins
T60 []750% 60 0.14 0.27 145 | 0.016 | 0.003 | 0.014 | 0.004 | 040 0.22 0.42
T50 [ 1650%50 0.14 0.28 1.30 0.013 0.003 0.011 0.003 0.37 0.22 0.39
T32 [ 1450%32 0.14 0.28 1.31 0.011 0.002 0.011 0.003 0.37 0.22 0.37
T28 [1500%28 0.14 0.28 1.30 0.013 0.003 0.011 0.003 0.37 0.22 0.39
TI19 []500x19 0.14 0.28 127 | 0.009 | 0.002 | 0011 | 0.003 | 037 0.22 0.36
— 101 — ooOH # M & % #4035 (2015)
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= 10 BCHT385 it ORI M4EE
Mechanical properties of specimens

S N Flat area (JIS Z 2241 4(t >32mm), 1A(t =32 mm)) Corner area (JIS Z 2241 14B)
ec. No.
P YP (N/mm?) | TS (N/mm?) EL (%) YR (%) YP (N/mm?) | TS (N/mm?) EL (%) YR (%)
T60 441 574 333 76.8 609 680 19.0 89.5
T50 408 563 36.2 733 581 647 19.6 89.8
T32 457 601 233 76.0 602 671 17.2 89.7
T28 433 601 24.5 73.2 599 691 16.0 86.8
T19 463 617 21.1 75.0 641 714 16.3 89.8
K11 BEBEIEM
Welding conditions
. Groove angle | Root gap Root face . . Heat input (kJ/cm) Maximum interpass temperature
Joint Welding wire
(deg.) (mm) (mm) Flat Corner (°C)
G59JA1U
Column-diaphragm 35 7 0 CIMIT =40 =30 = 250
30 _ 30 250 _ 30 250 _
L e o 1
=% T 5B 2008 -3 2005
5 20 £ 5 g 5 =
= 5 = 150 &5 = 150 3
T 15 53 g 15 g F 15 g
2 8 = 100 8 & 100 8
g 10 ----©---- Heat input 2 g 10 ----©---- Heat input 2 g 10 7 ===-©---- Heat input g
T 50 £ T o5 50 £ T - 50 £
5 —&— Interpass 2 5 —&— Interpass 8 5 —&— Interpass o
0 - . ‘tempelature 0 »E 0 - tempelatu‘re 0 E 0 temperature | 0 E
0 4 8 1216202428323640 0 4 8 12 16 20 24 28 0 4 8 12
Pass Pass Pass
(a)T60 (b)T50 (c)T28
4 BEREIECEH
Heat input and interpass temperature record
HAZ1(F.L:+1mm) F£12 JrIIlE-HBRER
Jﬂg)jmm Charpy impact test results of welded joints
A
w Column-diaphragm joint
’ Spec. Flat area Corner area
Diaphgram Column Diaphgram. Column No. HAZ HAZ
. FL. | WM. FL. | WM.
(a)Charpy impact tests (b)Hardness distribution tests (FL.+1 mm) (F.L.+1mm)
— - T60 198 148 90 150 141 93
5 HEBRRHERINER
- . . T50 180 177 92 187 146 78
Positions of specimens for Charpy impact tests and T8 157 o0 | 129 71 60 | 99
hardness distribution tests

11, #E 60mm, 50mm & OUF 28mm O ALK EIEIZ B
LEENE LR AR 4 1R T ABUIIRIEIC X 2 BN
WA, N ARREIIAREOH K L & D128 < 7 AT,
RABUED 60mm TIZEBE R 250C 125V S A TR
Lo TWAI ENbnh,

5 () [T 3 v )V ¥ — B 58 Fr O $R- A &
A2 IR E 0C TORBEE O W EE %*%%TTO
SHEERIIRIZ NS 22242 DV 7 v FRERR L L, R
WERE DS 6mm WRIOALE % ol b LERILL 720 A2 -

INA RN { 7 B & — R IEEER O IR T 9 5 1
Mm% RTAS, BHA LEEE L 2 - 2 m AE 60mm O

N A L F— 1% 3 1E
1507 ~ 180T TH 1, 707

SHERAD &, HAZ DY v )L E—
DONFIGME TGS, fmEe B2

#oH 8 fFE 4 H ofc 4035 (2015

— 102 —

% L2\ EET5HZ Ehh 5,

GIZHEFHI D v H— A S BRE R A R T, SR
BRoWEAEIZE S (D) IR £ 9 I2HMERTZ 5 2mm P
OfriE & L, RERTIIE 98N TIT - 720 BHMT ORI X
MBI, K 230HV RETH 72,

AT 7T LNEZTIAEEM L L CoEMEIX, 34
M SEERIC X DI L 720 INJ70E, BEWTICR L TRk L v/
AR O MR %SR- 9 5 72, 45° HIAERIT & LT A,
SRERT Gt & L 72 BCHT385BTF (L ABEARAK T4 RERTM & [7]
—OHM, BHEMEE R, BEREHLFECE Lz, —6l
ELT, WAWETH S 60mm » BCHT385BTF D) JiEFF
xR 712, B OWH~ 27 04 BEE212R8T, Wi
DFRERR S B B S A A LI IENER HE O B
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250 . v 250 . : 250 . :
]
200 - M 200 —M» Z 200 - M
i i S d ;
i i ! Z150 4 | > . i
§150 Eé Diaphgram side ! X 150 ié Diaphgram side ! = 150 Eé Diaphgram side E
> i i 2 i ! a 4 i i
100 ! Column side > ! T 100 4 Column side = g 100 ! Column side = !
] 1 ! | = ! |
504 ' 504 | i g 50 '
| OBM ®HAZ *WM | oBM ®HAZ +W.M]/! | OBM ®HAZ * WM
0 — T T T T T 0 : T T T T T T 0 ——T r T T T T
-30 -20 -10 0 10 20 30 40 -30 20 -10 0 10 20 30 -30 -20 -10 0 10 20 30 40
Location(mm) Location(mm) Location(mm)
(a)T60 (b)T50 (c)T28

6 MWIHBRER
Hardness distribution tests results of welded joints

iy

MIM,

Skelton Curyv

1.5 1

Hysteresis Curye

7 BCHT385BTF MEREME (#RE 60mm)
Hysteretic behavior of BCHT385BTF

BCHT385BTF (Thickness60mm)
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