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Enhancement of Crack Arrestability of Steel Plates with Heavy Thickness
by Advanced Controlled Rolling
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Abstract:

Enhancement of performance to arrest brittle crack propagation is investigated for heavy-thickness steel plates
used for ship structure. Highly optimized controlled rolling process and advanced cooling by Super—OLAC® (On-Line
Accelarated Cooling) are applied to attain crack arrest toughness Kca greater than 6 000 N/ mm™ in high strength
steel plates with 60 mm thickness. The produced steel plate is characterized by both refinement of microstructure
and texture control in terms of improving arrestability. The ESSO test of tee joint structure, supposing the structure
of hatch coming of container ships, was carried out, and the results revealed that the developed steel plate has
good performance to stop the brittle crack propagation. The developed steel plate is supposed to be utilized to

ensure the safety of large container ships against brittle fracture.
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Table 1 Chemical compositions of steels
(mass%)
C Si Mn P S Others Ceg* Poy**
Conventional 0.09 0.34 1.43 0.01 0.002 0.33 0.17
Developed A 0.09 0.32 1.46 0.01 0.003 Nb, Ti 0.33 0.17
Developed B 0.09 0.35 1.45 0.01 0.003 0.33 0.17

*Coq = C + Mn/6 + (Cr + Mo + V)/5 + (Cu + Ni)/15

##p = C + Si/30 + (Mn + Cu + Cr)/20 + Mo/15 + V/10 + Ni/60 + 5B
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Table 2 Mechanical properties of steel plates
Thickness » Tensile test Charpy impact test
Steel Position
(mm) Direction | YP (MPa) TS (MPa) El (%) Direction | E4 () E®

1/4¢ C 476 569 27 L 301 77
Conventional 60

1/2¢ C 405 538 26 L 53 -

1/4¢ C 468 543 30 L 305 249
Developed A 60

1/2t C 393 510 30 L 339 299

1/4t C 412 540 30 L 317 309
Developed B 60

1/2t C 424 511 30 L 308 159

JE_4 : Absorbed energy at —40°C |E_g, : Absorbed energy at —80°C

JFE B¢t No. 18 (2007 4 11 1)



HEE e o B AR

JEAFERASR O 7 L A bk

9 ;\2]00 ° (b) Developed B
z z
£ £ 50
E E
5 5
0

—100 —80 —60 —40 —20
Temperature (°C)

—100 —80 —60 —40 —20 O
Temperature (°C)

0

O 1/4¢
® 1/2t |

0 . . . .
—100 —80 —60 —40 —20
Temperature (°C) Temperature (°C)
K1 #HEHEEO v VE—BEH—T (LAM)
Fig.1 Charpy transition curves of steel plates (L direction)

0 . . . .
—100 =80 —60 —40 —20 O

Rl
Eﬁﬁmi
! T : A e i
‘t 1 ‘..- : '-"-... e P,
(b) Developed steel A
-1/4@9;-‘;3;@&&( e B1 2 ﬂ__,
i H-J'ﬂa 5

T B
: f-_wh\..., s B

e

(b) Developed steel B
HEED I 7 OB

FEA1
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Table 3 Welding condition of T joint

Welding method CO, arc welding

Welding consumables YFL-C504R  ¢1.2 mm

Welding condition 180-280 A, 20-34V, 20-45cpm

Welding layer and

Pass for each side 9 layers,

2024 pass

Cross section of
T joint
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Table 4 Test condition and results of T joint ESSO test

Test temperature (°C) —10
Applied stress (MPa) 235
Kca (—10°C) of test plate (N/mm'?®) | 2500 | 4900 | 7300
Result Go Arrest | Arrest
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