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Development of YP460 N/ mm? Class Heavy Thick Plate with
Excellent Brittle Crack Arrestability
for Mega Container Carriers
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Abstract:

YP460 N/mm® class heavy thick plate with excellent crack arrestability for mega container carriers has been
developed. Advanced alloy design and optimized controlled rolling and cooling process using Super-OLAC® (On-Line
Accelerated Cooling) are applied to obtain highly oriented textures parallel to the surface of the plate, which are
effective to prevent brittle crack propagation. Crack arrest toughness (Kca at—10°C) of the developed steel is
16 800 N/mm®’ ? which is more than double of the guidelines on brittle crack arrest design issued by Class NK. The
large scale duplex ESSO test, assuming the structure of hatch side coaming of container carriers, was also carried
out, and the result revealed that the developed steel plate has excellent performance to stop brittle crack propagation.
The developed steel plate is supposed to be utilized to ensure the safety of mega container carriers against the brittle

fracture.
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Table 1 Chemical composition of steels developed
(mass%)
Thickness (mm) C Si Mn P S Others Ceq* Pom
70 0.06 0.15 1.91 0.005 0.002 Cu, Ni, Cr, Nb, Ti 0.46 0.19
85 0.06 0.15 1.89 0.006 0.002 Cu, Ni, Cr, Nb, Ti 0.46 0.19
(SIE): (cjl;l ([:?lt{io\r)\l/;) f)E H47 As approved by each classification society =0.49 =0.22

“Ceq=C+Mn/6+(Cu + Ni)/15+(Cr+Mo+V)/5
Pey=C+Si/30-+Mn+Cu+Cr)/20+Mo/15+V/10+Ni/60+5B
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Table 2 Mechanical properties of steels developed

Thickness . Tensile property Charpy impact property
Steel Position . 2 3 —
(mm) Direction YP (N/mm”) | TS (N/mm”) EI (%) Direction VE-40 (J)
70 1/4t C 497 591 26 L 332
1/2t C 490 585 24 L 294
Developed
- 1/4t C 486 587 26 L 344
1/2¢ C 477 586 21 L 334
L =53 (70 mmy)
= — =
Specification of EH47 (IACS UR W31) C =460 570-720 =17 L > 64 (85 mmy)

YP: Yield point
El: Elongation

TS: Tensile strength
VE - 40: Absorbed energy
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Fig. 2 Results of temperature gradient type ESSO test
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EGW: Electro gas arc welding
GMAW: Gas metal arc welding
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Table 3 Results of large scale duplex ESSO tests

Applied stress | Test temperature Crack length in

No. (N/mm’) (°0) Result test plate (mm)
1 257 -10 Arrest 23
2 282 =10 Arrest 29

EE3 BARNER ESSO sEkH & MmN
Photo 3  Fracture path and fracture appearance of large scale

duplex ESSO test specimen

2400

JFE ¥R No. 33 (2014 4£ 2 )

2 ! S T T ]
]
T T T
1700
6 800
10 000 (mm)
4 EBARIELER ESSO sER AL

Fig.4 Test procedure of large scale duplex ESSO test
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Fig.5 Maximum hardness test results of the developed steel
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Table 4 y groove weld cracking test results

. . Crack ratio (%)
Welding Preheating
atmosphere | temperature Surface Cross Root crack
crack section
° 0 0 0
20°C °
; 25°C 0 0 0
0,
RH60% 0 0 0
0 0 0
0°C 0°C 0 0 0
0 0 0
0 0 0
—20°C —-20°C 0 0 0
0 0 0

7oz, B OEERES 3 JIS Z 3101 IHEHL L CHIlE L 72,
EREESIORT, mE S — FEPR 2512w
L CWwa 3, BFEME7T—2 2 4 28 TH Hy 350
LU BAF e Rt 2 R LTz,

HAHI M T/RERS SRR %E (JSQS : Japanese Shipbuilding
Quality Standard) T3, C & »°0.36 mass% % # 2 %
TMCP # &R H1ilE, &R 5CLL RO E I TS B
THdHICEREEL TS, RBFEMIE, RA@EY 712
FEBERER OB 5 C 24 EIZ 036 massB Bl Z T\ 372
W, MERENERBR 2772w, T T ) —iaETOEN
M 2 B L 7zo BE 70 mm OBIFES 2 v, RERTEPA
K 20°CHRIE 60%, 0CH L U—20Ce L, BpiREs #
NZEN25°C, 0°C, —20C¥ L, JISZ3158I1ZL7zh - T,
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Table 5 Welding conditions of multi-pass GMAW

Welding DW-460 L (1.2 mm¢) , Kobe Steel, Ltd.
consumable | FBB-3 (Backing material) , Id
Welding Groove angle: 40°, Gap: 5 mm
condition 280 A, 35V, 210 mm/min, 2.8 kJ/mm, 100% CO»
g
Macrostructure ﬁ
<]

RO AEMTFS RABRER

Table 6 Tensile test results of weld joint

Prescription Thickness Width TS Fracture
P (mm) (mm) (N/mrnz) position
598 Base plate
EH47 o 35 30 p
GMAW joint 602 Base plate
Specification of EH47 (IACS UR W31) =570 —

TS: Tensile strength GMAW: Gas metal arc welding

xR7 BEURFOEEERER
Table 7 Charpy impact test results of weld joint

Thickness vE-20 (J)

Prescription portion
p Notch Surface- 121 Root-
position I mm I mm
W. M. 153 143 105
EH47 F.L. 282 236 171
GMAW joint | F. L+2 mm 304 367 314
F.L+5 mm 334 342 327

Specification of EH47
= = =

(IACS UR W31) =64 =64 =64

iWelding consumable: LB-62UL (4.0 mm¢) , Kobe Steel, Ltd.
Welding condition 170 A-25 V-150 mm/min, 1.7 kJ/mm

VE -20: Absorbed energy
W. M.: Weld metal

GMAW: Gas metal arc welding
F. L.: Fusion line
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