s 000000000000

FEATURE : Materials for Ships, Buildings and Bridges
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Development of Thick SA440 Steel Plate for Ultra High Heat Input Welding

Hitoshi HatanoO Yoshitomi Okazakill Dr. Toshiaki Takagill Dr. Hiroyuki Takedall Takuo Koyamal Shigeo Okano

Improvement of HAZ toughness under large heat input in thick 590 MPa class steel plate (SA440) for
architectural construction has been investigated with a new concept: Low Carbon Fine Bainite. It was found
that Low Carbon Fine Bainite can be obtained by reducing carbon and by increasing alloy elements which do
not form carbides. Based on this, the concept for thick SA440 with excellent HAZ toughness under 100

kJ/mm heat input was clarified.

00000000o0oooooooooooooooo
00000000000000000D0000 590MPa
0 SA4400000TMCPOOOOODDOOODOOOO
gooooo™gooo@mo0oooonooooooo
00000000o0ooooooDoooooooooo
goOsA4400000000000000000000
000o0001000000000000000000
0000O0O00Odo40 BOXOOOODOOOOOOOO
gooooooo®ooo0o0o0oOoooooooo
0100ki/mmO000000000000000000
00000000ooo0o0000000000nonooo
00000000oo0oo000000000000000
00000o00o00oo0ooooooooooomoooo
SA440000000000000000000000O0
0000000000000 00100ki/mmO000
0000000000000 SA440000000000
goooooooooo

10oogn

gboboooooboobi1ibob@moooboooboobon
OOsommO000 SAddo00000000D0O000DO
gboboooodybooooooooobgboDog 2s
gobooboobobobooboobbooooboo
gosommiOooooooOoboboooooogog
100ki/mmO00000HAZOOODOOODOOO OO
gboobooooobooboboboboooog4nunog
gboobooooood

2000000

2000SA4400000000000000000D0O00
0SA40000000000000000000000
0000000000000 HAZOOOODOODOOO
000000000000 MO0 HAZOOOODOOO
O000000D0DODOO000 MADO Martensite-Austenite
constituentU0 D 00O O OOOO0OO*™ 00000
0000 HAZOOODOOOOODOOMmMOOOoooo
O000000000000D00O0000O0ODOC,O
0000000000000000000000000
00000000000000000000000 Cg
0000000000000000000000000
ooo'™no

0000000000000 000000 MADODOOO
000000000000000000000 coO0O
000000000000O0OMAOOODOOOOOOO
00000y O0O00CO0O00000O0y OO0O0OO0OOO
000000000000 000 cO000ooooo
0000000000000000000000 MAO
00000000HAZOOOOODDOOOODOOO
0000 CcO00000000o0oooooooooo
00000000000 0000000NbODOODO
000000000000000000000000C
000000000000 000000000000
ooo0O0O0OMnOCrO0000000O00O0O00O0O0OO0
0000000000000000000000000

01 J00D0000D00 sAd40000
Table 1 Target properties of developed steel and specification of SA440
Tensile properties Weldability
Impact Impact property
0 Thickness Position property | Preheating | of welded joints
(mm) YS TS YR El. |of base plate| temp. to by ESW
(MPa) (MPa) @) (@) Eo Q) prevent cold )
cracking (O)
Target properties 80 t/4 45000 530 | 6000 730 | O 78 | 220 1000 0 25 470 vEo
Spec. t/4 4400 540 | 5900 740 | O 80 200 470 ] 150 vEo

R:D 000000/ Vol 52 No. 10 Apr. 20020 49



a2 ogooooooooo
Table 2 Chemical compositions of steels examined

Chemical composition (O)
Steel
C Si Mn Cu Ni Cr Mo \ Nb Ti B
Steel A
(Low C-high Mn) 0.03 0.10 1.96 0 0 1.0 0.20 0 0 0.011 | 0.0013
Steel B
(Low C-high Mo, Nb) 0.03 0.09 1.46 0 0 0.98 0.41 0 0.02 0.013 | 0.0013
Steel C 012 | 026 | 152 | 026 | 020 | o0 | 021 | 0046 | 001 | O 0
(Conventional steel)
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Fig. 1 Effect of C content on charpy absorbed energy of simulated HAZ
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Fig. 2 Hardness of simulated HAZ
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a) steel A
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Photo 1 Morphology of MA of simulated HAZ (T.O 200s)
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b) steel B
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Fig. 3 Schematic illustration of difference between steel A and B on
morphology of fracture in HAZ
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Photo 2 Microstructure of developed steel (Position : t/4)
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Table 3 Chemical compositions of developed Chemical composition (O)
and conventional steel Steel
C Si Mn Cr Ti B Others Ceq Pen
Developed | 0.04 | 0.13 | 1.57 | 0.75 | 0.014 |0.0011 Cu, Ni, Nb 0.46 | 0.22
Conventional | 0.12 | 0.25 | 1.45 0 0 0 Cu, Ni, Mo, V, Nb | 0.43 | 0.24
04 goooooooo Tensil i
Table 4 Mechanical properties of ensile properties Impact
developed steel Thickness -, property
Steel (mm) Position Ys TS YR | EL of base plate
(MPa) | (MPa) | (O0) | (O) Eo (9)
t/4 473 630 75 31 223
Developed 80
t/2 482 626 77 29 213
Spec. t/4 4400 540 | 59000 740 | 080 | 2000 470
250 T T T T T T
e loped stel Heat input0) 102kJ/mm 8omm
200k Deve op(_e stee _| Thickness of skinplateD 80mm ™~ \__4
—{+ Conventional steel Thickness of diaphragm] 80mm
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m} £
w100 1 E /2 |
_ 8 X
Diaphragm
500 i notch
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. goood depo 0 1 3 5 7 Skinplate
Fig. 5 Charpy absorbed enegy of welded (Fusion line)
/—\_/

joint by ESW of developed steel
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Photo 3 Microstructure at fusion line of welded joint by ESW of
developed steel (Heat input : 102kJ/min)

gobooboobb MADDOODOODOOODoOOD
OcOobooooooooobooooboboooboooon
gbobooooobooboboboboooomoooboo
gbobobobobooboooooboboboon HAZ
gbobooooobobobobobooo

O00o0o0o0oOooooOlooky/mmOOOoooooong

gobooomoooooooooodooono HAzOO
O.,E000J000D0000 SA4 00000000000

g

ooooooo

10
20
30
40
50
60
70

80

90

100

O0000D000OR&DOOODODOO O Vol.46,No.30 199607 p.9.
000000O0O0O0OOOD110020010 p.51.
000000000000 00000000000 07119940
00 0000000D00OVol.es, No.8O 19790 p.92.
00000000000 Vol.50,No.1100 19810 p.11.
J000000Q00O00O0O0OO0OO0OO0OO0O0O0019920
Jo0d0o00Dmomoboooooooooooooooa
d00000o0oO0oOoOOoOoOOoOoOoOOO0OO000 ,019940 p.4l.
J. R. YANGUO Journal of Materials Science Letters, Vol.12
(1993), p.1290.
JO00000M@omoooooooooooboooooa
000000000000 000O00O0O00OO1990 p.17.
0000 ooooooooooooooooooog
0000000000000000000199%40 p.33.

R:D 000000/ Vol 52 No. 10 Apr. 20020 53



