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Development of TS780 N/ mm? Class Steel Plate with Low Reheat
Cracking Susceptibility

ik #ith  SATO Yuya
k6l TAKAHASHI Toru
KA FARA  OHMORI Akio
2 Y)— YASUDA Koichi

JFE 2F—v  Z2F— 155 SMTIZEE  EmRE GIREE)

JFE 2 F—v  HHAREA GURHIK) paMsiss Sl

JFE 2 F—v Btz 2= FLHE @R - WL (1%

JFE 72 7 V9 —F fEMEY ) a—2ar KB 7xn— it (1%

EE

TAHRSEY OTAHAS BV (PWHT: Post-weld heat treatment) OFSIZ FEAEINLDFEA LIZ < W, TS780 N/mm®
W 2 BHFE LTz, FEVEINUE Cr, Mo, VEORILYIEBUTHEDIINC L > THRELST kb0, BHE NS
DIEFEL L AT TS780 N/mm” He L O CRIEY 72 ) 23w, ARSI, TERED b TEARICEOR DR
FHERZEZ D TENIREE, W, AEEOANT CRR MR L, PBLUSOMIKY Caifnrlagbei
AR CRRIREL T T B NESZ ORI 2 X > 7o AR REET CREE 217V, FEEIN B 12
TH5HCV TR & - T, AR HAEIRZIEICENS e 2HEELT,

Abstract:

TS780 N/mm” class steel plate with low reheat cracking susceptibility during post weld heat treatment (PWHT:
Post-weld heat treatment) of welded structures has been developed. Reheat cracking often becomes a problem for
high strength steels of 780 N/mm? or higher class because the high strength steels usually contain carbide-forming
elements such as Cr, Mo and V, which precipitate during PWHT and enhance the cracking. The reheat cracking
susceptibility has been reduced by the alloy design in combination with reduction in impurity elements (P and S) and

addition of Ca which forms sulfide. The developed steel was produced in an actual plate mill, and achieved excellent

low reheat cracking susceptibility in the C-ring test, which is one of the methods evaluating reheat cracking.
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Table 1 Target chemical compositions and mechanical properties for developed steel plate

(mass%)
Thickness || g | vy | p S Cu | Ni | C | Mo | V B | Ceq | AG | Pst
(mm)
t=50 03~ =0.53
—=0.14 =055 =150 |=0.015/=0.015|=0.50 | =0.80 | =0.60 | =0.05|=0.005 =031 |=0.16
50<t=75 1.50 <0.57
. . Charpy impact
Tensile properties . i
Thickness prop properties Reheat ecsrtackmg
(mm) Specimen YS TS El VE-40¢ %)
peeime (MPa) (MPa) (%) 1)
1S 5 216(6=t=16)
t=<50 =685 780 ~ 930 =24 (16 <)
JIS 4 =16 (20<1) =27 (Each) 0
=47 (Ave.)
JIS 5 >4
t>50 =665 760 ~ 910
JIS4 =16

Ceq = C + Mn/6 + Si/24 + Ni/40 + Cr/5 + Mo/4 + V/14, AG =Cr + 3.3Mo + 8.1V-2, Psg = Cr + Cu + 2Mo + 10V + 7Nb + 5Ti-2,

YS: Yield strength, TS: Tensile strength, TS: Tensile strength,
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VE-40-c: Absorbed energy at —40°C
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Fig.1 Schematic illustration of mechanism for reheat cracking
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Fig.2 C-ring test specimen
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Photo 1 Appearance of C-ring test specimen
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Fig.3 FEM mesh model of C-ring test specimen
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Fig. 4 Examples of stress-strain curves for FEM analysis
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Fig.5 FEM analysis flow
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Fig. 6 Principal stress distribution of C-ring test specimen in
Ydirection
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Table 2 Result of C-ring test for conventional TS 780 N/mm®
class steel plate

Notch position Crack ratio (%)
WM 0
Reheated WM 0
CGHAZ 100
Reheated CGHAZ 0

| (a) tch botto (b) éréék path
FE2 ERflo CY IR (/v FuB: CGHAZ) ¥im

Photo 2 Cross section of C-ring specimen for conventional
steel (Notch position: CGHAZ)
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Fig. 8 Effect of P and S content, Ca addition on reheat
cracking susceptibility
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Table 3 Chemical composition of the developed steel

(mass%)
Thickness C Si Mn p s Others Ceq | AG Pk
(mm)
36, 60 011 | 025 | 095 | 0003 | 0.0004 | Cu Ni,CrMo,V,Ti,B,Ca | 05 0.14 | —0.04

Ceq=C + Mn/6 + (Cr + Mo + V)/5 + (Cu + Ni)/15, AG =Cr + 3.3Mo + 8.1V-2, Psg =Cr+ Cu+2Mo + 10V + 7Nb + 5Ti — 2
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Table 4 Mechanical properties of the developed steel

Tensile properties Charpy impact properties Reheat
i Specimen: JIS4 eheal
Thickness PWHT Position Gp ) cracking test
(mm) Direction S TS El Direction VE-arc (%)
(MPa) (MPa) (7o) Q)
- 783 827 24 261
36 1/4t T L 0
580°C X 4h 776 824 25 265
- 782 826 25 245
60 1/4t T L 0
580°C X 4h 778 828 25 261
PWHT: Post weld heat treatment YS: Yield strength TS: Tensile strength El: Elongation

vE-40c: Absorbed energy at —40°C
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Photo 4 Cross section of notch bottom of C-ring specimens
after test for developed steel
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