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Abstract

Recent trends in shipbuilding and offshore industries are a huge increase in the ship size and the exploration
and production of oil and natural gas in the arctic offshore region. High performance steel plates are re-
quired by these industrial trends. Also in IMO(International Maritime Organization) has begun to regulate
of fuel of ship to environmental protection, therefore it is little bit difficult to use bunker-C oil to working
ship. As the problem of environmental change such as global warming is emerged, the operation of the ship is
considered to be involved in the environmental change problem, and the regulation of environmental pollu-
tion is gradually strengthened. As these environmental regulations are strengthened demand for LNG fuel ships
is rapidly increasing. Currently, cryogenic steels used in LNG tanks include aluminum alloy, SUS 304, and 9%-
Ni steel. Those steels are has high cost to construction of large LNG carrier. The new materials were suggested
several steel mills to decrease construction cost and easy construction. The new cryogenic steel should be
evaluate safety to applied real structure include LNG ship. Therefore, in this study, fracture toughness of weld
joints were investigated with cryogenic steel for application of LNG tank.
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Table 1 Chemical composition of cryogenic steel.(weight %)

C Si Mn P S

=02 <0.5 =15 <0.05 <0.005

Table 2 Material properties of cryogenic steel with BM
and each welding process

Yield strength Tensile strength
oyg (MPa) oy (MPa)
BM. 447 822
FCAW 421 677
SAW 474 780

Table 3 Welding condition of FCAW and SAW

Welding | Current | Voltage | Speed Heat Shielding
rocess (A) V) (cm/min) Input gas
P (kJ/mm)
100%
FCAW 180 28 25 1.5 o,
SAW 580 28 32 3.0 -

AMgE = 83l FCAW(Flux Cored Arc Welding),
SAW (Submerged Arc Welding)E Z-g3titt. =A
9 7t &35 71AA 549L Table 29 eI
3 FCAWSF SAWS] 32702 Table 3 Yeh]
Atk FCAW 2 SAW 2% 2ol 7= B} &85
&o] w7t 3 SHANEE AME s A9 <l
FEE 822MPa o|o® 7 uAEE YERHA|T,
A8 AT B B 677~780MPa 4= ©]
o} w2 Aol AREH AlEHL2 under match®
[S5E A4 it 7 S50l SolA S 3
7Fl7] 918l Fig. 13} o] CTOD Ald#= A%k o3
o} V-3 244892 ASTM E23%¢] wla} A2t
AL (R AL(-100TC, -196T) M F448LS 4
AlSHATH

CTOD AgHL B

%0 o@ o

[¢]

7448(British Standard)ell

w2 A 30mmE 1%}04 T ZH(FCAW, SAW)
2 245 o5 sl BXZB(T”]L B=30mm) =

712 FL(Fusion Line)d] =45 Yol AL A%

A
Unit: mm
Vﬁ Y 3
60 60
276 30
4 i

Fig. 1 Schematic diagram of CTOD test specimen
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(a) Macrostructure of
FCAW joint

(b) Macrostructure of
SAW joint

Fig. 2 Macrostructure of each welding process
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(b) Hardness distribution of SAW specimen

Fig. 3 Hardness distribution of each specimen
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Fig. 5 Charpy impact test results of SAW at various tem-
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Table 4 CTOD test results of FCAW and SAW joints

745l thsto]

CTOD #e] #AeHs

Welding Notch CTOD(mm)

process location 1 ) 3 Ave.

FCAW FL 0.51 0.50 | 0.50 0.50
SAW FL 0.57 0.45 0.50 0.51
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