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Abstract

This paper is to evaluate fracture characteristics of API 2W Gr.50 TMCP steel weldment typically
applied for offshore structures, with the focus on the influence of heat input arising from flux cored arc
welding. Based on the results and insights developed from this study, it is found that the toughness for
both CTOD and impact exhibits a tendency to decrease as the weld heat input increases. The reheated
zone of weldmetal exhibit lower hardness than solidified zone and microstructure that are liable to affect
the toughness are acicular ferrite and martensite-austenite constituents (M-A). In particular, M-A is a more
effective micro-phase for CTOD toughness than impact toughness.

Key Words : Fracture Toughness, Crack Tip Opening Displacement(CTOD), Thermo Mechanical Controlled

~ Process Stecl(TMCP), Heat Input, Acicular Ferrite, Martensite-Austenite Constituents(M-A),
Impact Toughness
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Table 1 Chemical compositions and mechanical properties of base metal

C Si Mn P S Ni Cr Mo Cu T |T.S.(MPa) | Y.P.(MPa)
Spec. 0.16 |0.15- |1.15- [0.030(0.010| 0.75 | 0.25 | 0.08 0.35 (0.003 448 min. 345-483
max. | 0.50 | 1.60 | max. | max. | max. | max. | max. | max. |-0.02
Exper. | 0.06] 0.26 | 1.42 [0.011{0.008| 0.34 | 0.03 | 0.003 | 0.20 |0.015 512 429
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Fig. 1 Schematic diagram of weld panel
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72 Table 2 ¥ Fig. 2 JehiAr}.

ANAAH L HH (First Side) ¥ $H(Second Side)

Fig. 2 Details of weld joint
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Table 2 Summary of the welding parameters

Current Voltage Travel speed Heat input Preheat/interpass
(A) (V) (cm/min) (kJ/cm) temperature(TC)
High HI 330 41 19 43 60/134
Normal HI 320 34 23 27 65/145
Low HI 260 28 45 10 62/132
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Table 3 Dimensions of CTOD specimen (unit : mm)
Specimen
Thickness
Thick(B) Width(W) Span(S) Notched(a) a/W fla/W)
44 42 84 37 0.50 2.66
2 BS 7448 Part 1&I1] oA F3stg o w29 Martensite-Austenite F2lo| &3}E2 47| &=
A= 81T TR YRS san. d2adE 2 o] AQATLE 7| F P, B AFox e Ao
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Table 4 Chemical compositions and mechanical properties of weld metal
C | Si |Mn| P S | Ni | Cr| Mo | Cul| Ti |TS.(MPa)|YP.(MPa)
High HIWM) |0.04 | 0.37 | 1.33 | 0.012 | 0.012 | 1.33 | 0.02 | 0.008 | 0.04 | 0.043 608 570
Normal HIWM) | 0.05 | 0.30 | 1.22 | 0014 | 0.017 | 1.20 | 0.02 | 0.012 | 0.05 | 0.040 599 542
Low HI(WM) |004| 041 | 142 | 0016 | 0018 | 1.33 | 002 | 0.009 | 0.03 | 0.052 707 707
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(a) High

(b) Normal

Fig. 3 Macrosection of weldments depending on weld heat input

(a) Base metal

(¢) Normal

(b) High

(d) Low

Fig. 4 Optical microstructure of base and weld metal
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Fig. 5 Hardness profile according to heat input
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Fig. 6 Charpy impact energy transition curve for
high heat input
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Fig. 11 SEM fractography of CTOD specimen in
upper shelf region
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Table 5 Microstructural constituents of weld metal

Ferrite type(%) GRAIN Inclusions
Welding Location SIZE . Avg.
AF GBF FSP (um) Fraction Dia ()
1st side 74.8 21.1 4.2 186.9
High HI 2nd side 83.2 14.4 2.2 163.9 0.27 0.78
root side 81.6 18.4 0.0 99.0
avg. 79.9 18.0 2.1 149.9
1st side 69.4 27.4 3.1 186.0
Normal HI 2nd side 70.0 24.5 5.4 162.0 0.22 0.75
FCAW
root side 87.6 12.4 0.0 116.0
avg. 75.7 21.4 2.8 154.7
1st side 92.1 7.9 0.0 116.3
2nd side 88.4 11.6 0.0 127.7
Low HI 0.25 0.69
root side 87.7 11.8 0.5 95.2
avg. 89 4 | 10.4 0.2 113.1
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Fig. 12 Effect of heat input on area fraction of A
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acicular ferrite . . .
Area fraction of acicular ferrite, %
Fig. 13 Effect of acicular ferrite on charpy V-notch
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Table 6 Correlations between microstructure and
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Table 7 Correlations between microstructure and
Tetop 0.25mm on FCAW

Graln size AF GBF FSP
T4 (0.623 -0.815 0.786 0.774
0.073 0.008 0.012 0.014

Grain size AF GBF FSP
o, | 0529 | 0649 | 0,655 | 0.521
Crob-o. 0.143 0.059 | 0.056 | 0.150

Cell contents ' Pearson correlation
P-value
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Cell contents ' Pearson correlation
P-value
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