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Synopsis :

Major research subjects regarding steel plates in this decade have been picked up along
with the market needs. Included are the metallurgy of strengthening and toughening,
advancement of TMCP and micro alloying, HAZ toughness control, welding metallurgy,
corrosion science, alloying metallurgy, fatigue and fracture control, and computer
metallurgy. These researches have enabled the development of many useful steel plates,
such as 50 mm thick 9%Ni steel plates, high CTOD steels for offshore structures, cold
cracking free HT980 steel plates for penstock, TMCP type pipe and pressure vessel steel
plates for sour service, anti-corrosion steel plates for ballast tank of ships, 13Cr-5Ni
martensitic stainless steel plates, 2 300 MPa maraging steel and so on. One of the
highlights is the extremely low carbon bainitic steel plate, which is an as-rolled type

thick 570 MPa plate being weldable without pre-heating.
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Major research subjects regarding steel plates in this decade have been picked up along with the market needs.
Included are the metallurgy of strengthening and toughening, advancement of TMCP and micro alloying, HAZ toughness
control, welding metallurgy, corrosion science, alloying metallurgy, fatigue and fracture control, and computer metallurgy.
These researches have enabled the development of many useful steel plates, such as 50 mm thick 9%Ni steel plates, high
CTOD steels for offshore structures, cold cracking free HT980 steel plates for penstock, TMCP type pipe and pressure
vessel steel plates for sour service, anti-corrosion steel plates for ballast tank of ships, 13Cr-5Ni martensitic stainless steel
plates, 2 300 MPa maraging steel and so on. One of the highlights is the extremely low carbon bainitic steel plate, which
is an asrolled type thick 570 MPa plate heing weldable without pre-heating.
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Fig. 1 Market needs, research issues and developed plate products for the last ten years
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Fig. 2 Effect of the third reheating peak temperature on the
toughness of the ICCGHAZ (The first and second reheat-
ing peak temperatures of simulated ICCGHAZs were
1400°C and 800°C, respectively)
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Fig. 3 Schematic explanation of morphological effect of M-A
constituent on local brittle zone toughness
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Fig. 4 Schematic explanation of the “latent initiation site model”

5. BAETIR XT0 $ 5 VR4 2 X8I S & LT
B0, FOEMEIOME 10 TOWRTH T 200,

FRCEB T F TR (GRS O R E T A YIS i iR
(sulfide stress corrosion cracking) & % iy}t SO (stress oriented)
HIC OB A EE KO IR & 75 2z, IR 77 7 b
NEHBEEHD ASTM AS16-70 #4543 AR SIZ SR E AT
g,

(1) W HIC ok
TR H,S BIHE T TR T B LRI A AKRER Rl (HIC) B4 IR
L, 1988 LLLATO £ < DRIz L > TRIEMy s h T
Fo. Wt HIC PR b4l BEHPLRE T Ca iIMIZE 5 MnS @
BRI RERM I s AE KL T D THE, LA,
1990 %12 A H—Br - jE L OREVEBUS (NACE) {L#R 4 BUK X
RB I EIA S, 1990 EROWFRIE, 1T C (ki &5 PO
O X G E FRUZE & 59 Mo ORMFIRSEH & 05 8
DRSSO R AT LA, LT, TOERO BN
WEER L 72 TMCP 12 & B Sk itk beflini s 5,
(2) ffif SOHIC ¥ k

fit HIC Ho g RO 4d . M SOHIC thedr b i ithi
L2, TSF AN Bl SR 3 b0 R A SOHIC Y
MO R, 5 LA Ehi BT T L] (Fg 4104
S THFOEEA H = XL AFR E R, 2 RICHE-D RN R
BEENF, Thbht, BERAE LTOR S S0 IE
QB THED =T 4 F 30— OO RS TUHRN
TH 0 FHCRFE TMCP 249 2 A0 Mg RH X h T
W,

232 WEKEEUDFL

1992 0 5 1995 FIZAT IR, ¥ v a— ORI ERLED
EH S TEEREARBE TR, FHIELEIAYT R
DEBEE NS ALY FH Y27 —OBBERFEFE - FUTH
A, TALBo—XIEA D Y, KT & B RERE E LRI
WA, IEEE RS A MM A AN T & S #HO BRI RE
PEW O, 255 b & T 490 MPa MRV AL

2.4 BEEHM

I 5 2 SR A £ e A R BT O HHE N RE 0L, Wk
ERIIBO S RS IGAR MM A nF LR L 2 FOUE

Wz &0, bR Y 2 (LNG. #s —163°C) 7 » 212G
hE %N BITHL. HIIIMED ING ¥ ¥ 7O KNER{LHIN %



LI

10 o e 49

‘Table 1 Chemical compositions of extremely-low carbon bainitic steel
(mass%)
C Si Mn P S Al Ti N Others Ceq \ Pem
0.012 0.30 1.56 0.009 0.003 0.029 0.011 00025 | Cu, Ni, Nb, B 0.294 E 0.137

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

Pem = C + Si/30 + Mn/20 + Cu/20 + Ni/60 + Cr/20 + Mo/15 + V/10 + 5B
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Fig. 5 CCT diagram of extremely-low carbon bainitic steel
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Fig. 6 Fatigue test results in 3.5%NaCl solution of 132 Cr-5%Ni
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