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Effects of C on the Strength and Toughness of FCAW Weld Metal of YS 

460 MPa Steels for Ship and Offshore Structures

Sung Hwa Heo

Department of Metallurgical Engineering, The Graduate School,

Pukyong National University

  The effect of alloy element on the mechanical properties, charpy impact 

value and fracture toughness was investigated in the weld metal of YS 460 

MPa steels for ship and marine structure.

  In addition, the weld metal characteristics, when the weldments were heat 

treated after welding according to class society rules or AWS code, were 

investigated for YS 460MPa steel and FH Gr. steel(for LPG cargo tank) 

applying the flux cored wire developed through those effects.

  This paper has an purpose to study the effect of C on the toughness of YS 

460 MPa FCAW(Flux cored are welding) weld metal.

  These effects were evaluated by charpy impact and CTOD test about 4 

FCAW weld metal containing various C and Si content in relation to 

microstructure.



  Increase of C content was helpful to increase Acicular Ferrite volume 

fraction and reduce Grain Boundary Ferrite and Ferrite Side Plate volume 

fraction by increasing super cooling rate for ferrite transformation.

  Also, Increase of C content up to 0.045wt% made the strength and impact 

toughness higher by increasing Acicular Ferrite volume fraction.

  The weld metal containing higher C content indicated higher CTOD value.

  It is because the volume fraction of Grain Boundary Ferrite and Ferrite Side 

Plate, can play a role as crack initiation site, was reduced.

  Effect of C on the strength and elongation of weld metal was higher with an 

increase of Si contents.













Table 1 Chemical composition of weld metal(wt%)

Table 2 Chemical composition of base metal(wt%)



Table 3 Welding condition

Fig. 1 Joint detail and Macro section of welds





Fig. 2 Shape and size of CTOD specimen

Fig. 3 Details of notch in CTOD specimen







Fig. 4 Optical micrographs showing the effect of C contents on the 

microstructure of 0.25% Si weld metal

a) 0.025% C                       b) 0.045% C



Fig. 5 Optical micrographs showing the effect of C contents on the 

microstructure of 0.5% Si weld metal

a) 0.035% C                       b) 0.0045% C
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Fig. 6 Effect of C contents on the impact value at Root 

area of 0.25 % Si weld metal
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Fig. 7 Effect of C contents on he impact value at 2nd 

side of 0.25 % Si weld metal
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Fig. 8 Effect of C contents on the impact value at Root 

area of 0.5% Si weld metal
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Fig. 9 Effect of C contents on the impact value at 2nd 

side of 0.5% Si weld metal









0.025 C 0.045 C0.035 C0.045 C

0.50 Si0.25 Si

400

500

600

700

Y. S.

T. S.

Y
ie
ld
 a
n
d
 t
e
n
s
il
e
 s
tr
e
n
g
th
 (
M
P
a
)

502

575

538

602

511

592

580

664

Fig. 10 Effect of C contents on the yield and tensile 

strength of weld metal
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Fig. 11 Effect of C contents on the elongation of weld 

metal
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Fig. 12 Effect of C contents on the CTOD value of weld 

metal
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