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Abstract

The present study is to investigate the effect of heat input on the microstructure, tensile properties and toughness of
single-pass submerged arc bead-in-groove welds produced on SAS508 class 3 steels. The heat input was varied in the
range of 1.6, 3.2 and 5.0 kl/mm. The toughness of weld metals was evaluated by using subsize Charpy V-notch
specimens in the temperature range of -190C to 20°C. The weld microstructure and fractography were observed by
optical and scanning electron microscopies, respectively.

With increasing heat inputs, tensile strength and hardness of weld metals were decreased while elongation was
increased. The poor notch toughness at 1.6 kJ/mm was attributed to the formation of ferrite with aligned second phase
and banitic microstructure with high yield strength while that at 5.0 kJ/mm was due to the presence of grain boundary
and polygonal ferrites. The microstructure of the intermediate energy input welds consisted of a high proportion of
acicular ferrite with limited polygonal ferrites, which provide improved notch toughness.

* Corresponding author ; yunseok3@kut.ac.kr (Received July 14, 2004)
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Fig. 1 Schematic diagram of a single U-groove
specimen machined along the base plate
centerline(t= 4, 6 and 8mm)

Table 1 Chemical composition of SAF08 class 3 steel(wt.%)

Elements C Si Mn P S Cu Ni Cr Mo A% Al
Wt. % 0.19 | 0.26 1.35 1 0.006 | 0.003 | 0.02 | 0.86 | 0.15 | 0.49 | 0.005] 0.022
Max 0.15 1.20 | Max | Max - 0.40 | Max | 0.45
Spec. ~ ~ ~ ~
0.25 | 0.40 1.50 | 0.025 | 0.025 - 1.00 | 0.25 | 0.60
Table 2 Chemical composition of welding wire(wt.%)

C Si Mn P ) Cu Ni Cr Mo
0.13 0.02 1.80 0.006 0.003 0.02 0.04 0.02 0.53
Table 3 Welding parameters of SA508 cl.3 steel used in this study
Heat input Welding Voltage Travel speed PWHT Preheat
(kJ/mm) Current (A) ) {(cm/min) T(T)

1.6 580 30 65 600
3.2 600 30 34 40hrs 120
5.0 660 30 24
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Fig. 2 Schematic diagram of submerged arc bead-in—groove welds and corresponding macrographs

Table 4 Chemical composition of weld metals made with different heat inputs

H(Zt /;1;? C Si Mn p s Ni cr | Mo Al v
1.6 016 | 024 | 1.44 | 0.008 | 0.009 | 057 | 0.14 | 0.51 | 0.026 | 0.01
3.2 0.14 | 027 | 1.47 | 0.009 | 0.009 | 054 | 013 | 051 | 0.025 | 0.01
5.0 013 | 028 | 1.47 | 001 | 001 | 049 | 0.11 | 050 | 0.025 | 0.01
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Fig. 5 Microstructure of heat affected zone
(heat input, 1.6 kJ/mm, X200)

Fig. 3 Microstructures of weld metals as a function of heat inputs(x1,000). (a) 1.6, (® 3.2 and 5.0 kJ/mm
AF-Acicular ferrite, PF-Primary ferrite, FS(A)-Ferrite with aligned second phase, FC-Ferrite

carbide aggregate7)

(a) (b)

(c)

Fig. 4 SEM micrographs of weld metals made with different heat inputs. (a) 1.6, (b) 3.2 and (¢) 5.0 kJ/mm
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(a)

(b) (e}

Fig. 6 Microstructural variation in the weld heat affected zone (heat input, 5.0 kJ/mm, X200)
(a) Grain—coarsened region, (b) intermediate grain-refined region and (c) grain-refined region
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Fig. 8 Absorbed energy and lateral expansion of weld CVN specimens with heat input (a) 1.6, (b) 3.2 and
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Fig. 9 SEM fractographs of Charpy V notch specimens made with heat input of 1.6 kJ/mm(x2,000)
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Fig. 10 SEM fractographs of weld CVN specimens made with heat input of 3.2 kJ/mm(x2,000)

(a) 20T
Fig. 11 SEM fractographs of weld CVN specimens made with heat input of 5.0 kJ/mm(X2,000)
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Fig. 13 Hardness profile transverse to welds made with different heat inputs
(a) 1.6 kJ/mm (b) 3.2 kJ/mm (c) 5.0kJ/mm (d) Total(1.6, 3.2 and 5.0kJ/mm)

Table 5 Tensile test results for all weld metals

Heat input Yield strength Tensile strength Elongation Reduction of area
(kJ/mm) {MPa) (MPa) (%) (%)
1.6 583 634 22.8 71.2
3.2 567 625 24.2 72.9
5.0 527 615 24.5 73
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