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Characteristic of Brittle Crack Arrest Steel Plate for Large Heat-input

Welding for Large Container Ships
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A brittle fracture, when it once occurs in the hatch coaming around the deck opening of a container ship, can
cause serious structural damage that potentially result in both fatalities and environmental damages. With
this in mind, ships are designed and constructed to ensure that no brittle crack will occur. However, in the
unlikely event of a brittle fracture occurring, a back-up function of arresting the brittle crack should be
included in the steel plate. This report describes the characteristics of KE36 class plates having a capability
of arresting brittle cracks. The arrestability was improved by a new thermo mechanical control process
(TMCP), in which the process temperature is strictly controlled to refine crystal grains.
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Table 1 Target properties

. Base metal properties Arrestabilty Properties of welded joints
Thickness -
Grade (mm) YP TS EL vE_40 K.,(—10°C) | Welding TS vE_9
(MPa) (MPa) (%) ) (N/mm"®) method (MPa) 1)
_ =34 (Ave.) 1pass _ =34(Ave.)
KE36 60 =355 490~620 =21 =24 (Fach) =6,000 EGW* 490~620 =24 (Fach)

*EGW (Electrogas welding)
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Fig. 1 Relationship between K,, at —10°C and vTrs(t/4)
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Table 2 Chemical compositions of developed steel (mass%)

C Si Mn Ti Others C,
Developed | 0a | 12 | 155 | 0012 | Nb,B,Ca | 034
Steel
C.,=C+Mn/6+ (Cr+Mo—+V) /5+ (Cu+Ni) /15
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Fig. 2 Relationship between high angle grain size and K, at —10°C
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Fig. 3 Microstructure and grain boundary map with EBSD
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Table 3 Mechanical properties of developed steels

. Base metal properties
Thickness py o
(mm) YP EL vE_ vTrs
(MPa) (MPa) %) mn* (0
Developed 340 (Ave.) _
Steel 60 425 31 | 338 332, 349 (Fach) 100
Conventional 231 (Ave.) .
Steel 60 499 23| 235,230, 229 (Each) 60
KE36 Target > _ > =34 (Ave.) _
properties 60 =355 490~620 =21 =24 (Each)
*! Round tensile specimen : NK14A **Charpy test specimen : NKU4
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Fig. 4 Charpy transition curve of developed steel plate
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Table 4 Conditions of EGW

Thickness| Groove Root Welding INumber) Welding | Welding | Welding .Heat
(nm) |angle(®) gap | umable of | current | voltage spegd input
(mm) passes| (A) V) | (cm/min) |(kJ/cm)
Wire:DWS-1LG
60 20 8 (¢ 1.6mm) 1 400 43 23 449
Shielding gas:CO,
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Table 5 Mechanical properties of EGW welded joint

Properties of welded joints
Th(i;i‘éllglss TS*' | Broken vE _nin"'() BondE
(MPa) | location |Position| Depo | Bond | =~ ™
1mm
Surface | 113 | 208 199
60 583 HAZ /2 91 204 203
Back | 108 | 207 182
KE36 490 _ =34(Ave.)
Target properties | ~620 =24 (Each)

*'Round tensile specimen : NKU2A  **Charpy test specimen : NKU4
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