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Development of t100 mm-YP460 N/ mm? Class Steel Plate with Excellent
Brittle Crack Arrestability (ARREST EXTM) for Large Container Ships
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Abstract:
YP460 N/mm? class steel with a thickness of 100 mm, which has excellent brittle crack arrestability (ARRESTEXTM)

for large container ships, has been developed. For the developed steel, optimization of alloy composition, controlled
rolling conditions and controlled cooling technology using Super—OLACTM (On-Line Accelerated Cooling) were
applied. The developed steel shows excellent brittle crack arrestability by controlling texture, in addition to improving

toughness by refining crystal grains. The developed steel with a thickness of 100 mm sufficiently satisfies the target

value for brittle crack arrest toughness (Kca 10c) =8 000 N/mm
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) at the hull design temperature.
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Fig.1 Container ship superstructure and concept of brittle
crack arrest design
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Fig. 2 Concept of improving brittle crack arrestability by
texture control

JFE $#R No. 46 (2020 4£ 8 H)



K2 > 7 FHYFHUE 100 mm YP460 N/mm?® #2557 L 2 b #ilkit ARRESTEX” 0[5

=1 FRBEOLFERD

Table 1 Chemical composition of developed steel plate

. Ceq
Steel C Si Mn P N Others (ITW) Pem
Developed 0.06 0.15 1.93 0.004 | 0.001 Cu, Ni, 047 | 0.20
evelope . . . . . CrNb,Ti| % .
Specification of
EH47-BCA =0.18 | =0.55]0.90-2.00 | =0.020 | =0.020 =0.55| =0.24
(IACS UR W31)

Ceq (ITW) = C, Mn/6, 1/5 (Cr, Mo, V), 1/15 (Ni, Cu)
Pcy = C, Si/30, Mn/20, Cu/20, Ni/60, Cr/20, Mo/15, V/10, 5B
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Photo 1 Microstructures of developed steel plate
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Table 2 Tensile properties of developed steel plate

Thickness . . . YP TS EI
Steel (nm) Position | Direction (N /mmz) (N /mmz) %)
1/4t C 483 594 26
Developed 100
1/2t C 472 585 24
Conventional 70 1/4t C 478 582 24
Specification of EH47
= ~ =
(IACS UR W31) =460 570~720 =17
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Table 3 Charpy impact properties of developed steel plate

Steel Th(lﬁl;gess Position | Direction | VE-40 (J) | vTrs (°C) | Y index
Developed 100 1/2t L 293 =79 - 147
Conventional 70 1/2t L 298 -71 - 118
Specification of EH47 >75
(IACS UR W31) -

Y index = vTrs — 12 X I(200) — 1(211)13)
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Table 4 Results of NRL drop weight test

Steel Position Direction Dr(e)ﬁevrvg;ght N(DC’II;T
(N-m)
surface L 402 —80
Developed 1/4t L 402 —80
1/2t L 402 =70
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Table 5 CTOD test results of base metal

Test
Steel Specimen size | Direction | temperature CTOD
. (mm)
(O
0.89 (6Mu)
Developed | _BIEOB oL 10 |1.59 M)
- rmm 2.81 (5™

*®6 yRAEINGERER

Table 6 y-groove weld cracking test results

Welding Crack ratio (%)
atomosphere | Surface crack | Root section | Cross section
0 0 0
20°C, RH60% 0 0 0
0 0 0
0 0 0
0°C, RH60% 0 0 0
0 0 0

Welding material: LB-62UL (4.0 mm¢), Kobe Steel, Ltd.
Welding condition: 170A-22V-150 mm/min (1.5 kJ/mm)
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Fig.3 Results of temperature gradient type standard ESSO
test
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Table 7 Welding conditions
GMAW SAW
Welding DW-460L (1.2 mm¢) KW-101B (4.0 mm¢)
material (Kobe Steel, Ltd.) (Kobe Steel, Ltd.)
Shield co KB460
gas/Flux 2 (Kobe Steel, Ltd.)
Groove single bevel gr.oovoe single bevel gr.OO\Le
shape Groove angle: 35 Groove angle: 35
Gap: 10 mm Gap: 10 mm
Welding | 280A-32V-360 mm/min | 650A-32V-260 mm/min
condition (1.5 kJ/mm) (5.0 kJ/mm)
x8 BEMFORHIFE
Table 8 Mechanical properties of welded joint
F.L. vE-20 (J)
TS
Surface 12t Root
2 mm 2 mm
GMAW 615 136 99 194
SAW 647 298 299 255
Specification of
EH47 570~720 =64
(IACS UR W31)
x9 BEMFO CTOD HEER
Table 9 CTOD test results of welded joint
GMAW SAW
Heat input (kJ/mm) 1.5 5.0
Specimen size BxB BxB
P (B = 100 mm) (B = 100 mm)
Noch position CG-HAZ CG-HAZ
Test temperature ("C) - 10 -10
0.47 (&™) 0.44 (3™,)
CTOD (mm) 0.90 (™) 0.61 (™)
0.93 (6™) 0.82 (™)
Specification of
EH47-BCACOD min=0.18, ave=0.20
(DNV-GL)
BEXH
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