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Steel Plates for Architectural Construction
with Excellent Toughness in Large Heat Input Welded Joints
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Synopsis:

490 MPa and 520 MPa grade steel plates with excellent
toughness of welded joints in large heat input for architec-
tural construction, corresponding to Kawasaki Steel speci-
fication of MAC325C-AD and MAC355C-AD, have been
successfully developed through a technology for
microstructural control of heat affected zone (HAZ). The
microstructure of HAZ controlled to have fine ferrite plus
pearlite, while suppressing the formation of bainite, in
order to improve the toughness of HAZ in large heat input
welding such as SAW and ESW in which heat inputs are
over 40 kJ/mm. Decrease in C and Ceq and the use of TiN
to promote the formation of ferrite are effective to change
the microstructure of HAZ from upper bainite to ferrite
plus pearlite. The mechanical properties of a developed
60 mm thick steel plate whose C content and Ceq are
0.08 mass[] and 0.34massl] , respectively, satisfy the
MAC355C specification. The Charpy absorbed energies of
welded joints produced by SAW and ESW with large heat
input have excellent values of above 70] at 0°C in any
notch positions.
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Table 1 Property targets of steel plates and welded joints

Base material
. Welded joint
o I W om o wm b
(MPa) (MPa) @) ©) ) A 0)
MAC325C-AD 325-445 490-610 =380 =21 =27 =25 =70
MAC355C-AD 355-475 520-640 =80 =21 =27 =25 =70
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Fig. 1 Relation between synthetic HAZ toughness and austenite
grain size at 1400°C
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Photo 1 Typical microstructures of steels after synthetic heating cycles equivalent to large heat input welding
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Reheating temperature 1 400°C cooling time (Afg_500): 550 s

(b) Ferrite+upper bainite (F+UB)
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Photo 2 Distribution of martensite-austenite constituent (M-A) in typical synthetic HAZ microstructures
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Fig. 2 Effect of microstructure on synthetic HAZ toughness
(Reheating cycle: 1400°C, Atgy, s500: 550 8)
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Fig. 3 Improvement mechanism of HAZ toughness through
microstructure’s change from UB to F+P
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Fig. 4 Effect of Ceq value on M-A volume fraction in matrix
microstructure
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Photo 3 Synthetic HAZ microstructures of 0.1 massd C TiN
treated steel compared with that of conventional one

0000o0ooOocCcoOOo0oOooDOooOoOooooooewogooOoo
0o00O0ooOo CeqOOOO COOODOOOD MAOOODOO
gooooooooOooOopopoOoOocooonO CeqOOODOO
0000000o0o0o0o0o0o0o0o0o0o0oo0oo0ooooooooon
J0o00ooOo0ooD Ccooo CeqOoOoooOooooOo

O0OODO0OHAZOOOODOOOTINO VNOOOODOOOOO
0000000o0o0oooo®YooooooooooCeq O 0370
OTINOOOUDOUOOUOOUOUOO HAZOOOOOO Photo 30
O0O0TINODOODOODODOODOODOO0OO0ODOOo0OoOoouUBO
0o000oo0ooooOoOooTiNODOOODOoOoOoooooooDOo
goooooooooooooOoool400°COO0OOOOODO
ooo0oooo00 200mO00000000O0O0OO

00000D Cob CeqOOOODOODDO TINODODDDOO
000000 HAZOOOOOOOOOOoOooooooooo

000000000 o0Dooo0 CO 0.08massd O Ceq 0.340 O
TINODOOODOOOODOO HAZOOOOOOOOOO Photo 4 O
O000000O0OFLODODO0O0O0OO 1450°COo0Oopoooono
F+POOOOOO200J00000000 HAZOOOOOOOO

vE0=336] ,,,.-:'— = r»‘ { s 5391 i) “‘(:,55 f.‘f vEo=214] &ﬁk rgf A? .

B g " 4 Qﬁgv’a "“)*:v X T A ::_-1 c —, &{ w( ~ K X\\ d“( +
( Wl ﬂ-«kﬁn b ,'-"_(_ «& \

o y?‘ e e A (S ‘1‘\_ r;‘““' A t&“ \ { .\5L m?

)

? A e SN '¥"'7“"}." L ST PE
‘g A .(T,f; v »-‘{?”J;N.‘Q A, 7
% ‘g.s( 2 -{‘\-1~/‘

".\Vyt,.-‘—‘

b7 T ST W

(a) Reheating temp.: 1 400°C
Al 500 990 s

v n,_.

“d’

Aty 5000 1000 s

&y

A A A RS

(b) Reheating temp.: 1 400°C

W
"‘\v »'A{‘?\:

200 um

(c) Reheating temp.: 1 450°C
Aty 500 1000 s

Photo 4 Change of microstructure at 3 kinds of reheating cycles and those synthetic HAZ toughness of developed steel with

0.08 massJ C and 0.340 Ceq

000000 Vol. 34 No. 4 2002

0180



goooO0O0000oooOoO0O0o0OooooboD

161

Table 2 Typical chemical composition of developed steel plate (mass()

(massl)
C Si Mn P S Ceq (WES)* Pcm** Note
0.08 0.19 1.52 0.008 0.001 0.34 0.17 Ti treated
*Ceq (WES) = C + Si/24 + Mn/6 + Ni/40 + Cr/5 + Mo/4 + V/14
**Pcem = C + Si/30 + Mn/20 + Cu/20 + Ni/60 + Cr/20 + Mo/15 + V/10 + 5B
Table 3 Mechanical properties of developed steel plate
. Charpy impact Reduction of area
Tensile property property at Z-direction test
Direction YP (MPa) TS (MPa) El (O) YR (O) Direction vEo (J) RA (O)
Target 355-470 520-640 =21 =80 L =27 =250
C

(1/48) 435 562 31 77 L 368 72

Table 4 Results of maximum hardness test for developed steel plate

Bead length Arc time = 2s
125 mm 40 mm (Arc strike)
289 290 350

4 000 (MAC355-AD) 00000
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Table 5 Welding conditions for evaluation of welded joint toughness

. Electrode Current  Voltage Speed Heat input
Welding method (Diameter) Flux @A) W) (mm/min) (k] /min) Pass Groove shape
Semi-automatic KC-55G 14 layers .
GMAW (¢1.2 mm) — 260-290 31-34 250-400 1.3-2.2 58 passes Single-bevel-groove
SAW L KW55 2300 40 ]
(Tandem electrode) | T (6.4 mm) KB-55I AD 1800 53 180 62.5 1 pass Single-V-groove
ESW I&’_'g?nﬁg KF-100 380 53 11 109.8 1 pass Square-groove
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| Flange side

(a) Multi-layered CO, welded joint (b) SAW welded joint (c) ESW welded joint

Photo 5 Macrostructures of welded joints
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(a) Multi-layered CO, welded joint (b) SAW welded joint (c) ESW welded joint
Fig. 5 Notch positions of Charpy impact tests for welded joints
Table 6 Results of V-notch Charpy impact test in welded joints
Joint ty Positi Charpy absorbed energy (vEo)
oin e osition
D HAZ () FL () WM ()
CO, 6 mm from surface 244* 275 162
Web side 337** 193
SAW 6 mm from surface 151
Flange side 302** 106
Skin plate side 360** 251
ESW in prate si 1/21 119
Diaphragm side 353** 159
*1mm from fusion line
**5 mm from fusion line
400 400
r 9 r
300 | 300
ISPy s. |
2 200 2200
2 2
> >
100 [ 100 .
L L 1 1 L 1 1 1 1 L 1 1
%5 3 1 FLWMFL 1 3 5 5 05 FL WM FL 05 5
HAZ (mm) HAZ (mm) HAZ (mm) HAZ (mm)
Web side Flange side Diaphragm side Skin plate side
(a) SAW joint (b) ESW joint

Fig. 6 Charpy absorbed energies of SAW and ESW welded joints

45mm 0000000000 60mmO000000000000O0
0000000000000 40mm O SN49OBOOOOOODOO
goooooooO0oOooOooOo0oO0ooOooOoOooOOoOoboOoOoooon
70k)/mm O ESWOOOOOOOOOOO0OO 2k)/mm 00000
co,0 00000000000 bOO00OO0Table70 00000
02000000000000000000C000O0C0O00O0OCO

Oo00OO bs2000 87MPa 0O DOOOOOODODOODO-
oooooo- 0- 0000000000 0ooooooooo 0- 00000oooooooooooooooo

m : Observed position

Photo 6 Microstructure of ESW welded joint
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Table 7 Results of tensile test for cross-shaped welded joint

TS (MPa) Fracture position Illustration of tensile test specimen
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