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Abstract

Fracture toughness is an important parameter in designing offshore structures to ensure resistance to fracture at
various temperatures. In this study, a series of experiments is carried out to obtain fracture toughness values (CTOD)
of API 2W Gr.50B, welded using FCAW(Flux Cored Arc Weld). In particular, a comparison of absorbed impact
energy and CTOD values are made with respect to two different welding groove shapes; double-V-groove and
double-bevel-groove. Charpy impact tests are performed for specimens sampled near the root gap, and CTOD tests are
carried out for three point bending specimens having the notch at weld zone. While Charpy impact test result is
determined to be a good qualitative measure of fracture toughness, no quantitative correspondence between impact
absorbed energy and CTOD values was found. Based on the experiment, it is observed that double-V-groove welds
give lower transition temperature than those of double-bevel-groove.
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Table 1 Chemical compositions of base metal from specification

Unit: wt%
Section & Mn P S Cu Si Ni Mo T Al Cr Nb Vv

API 2W Gr. H0B| 0.16 Oilg(; 0.030(0.010| 0.35 = 0.75 | 0.08 | 0.02 |0.012]| 0.25 [0.0144|0.0040
Filler metal 0.04( 1.32 [0.012] 0.01 = 0.38 = s = = = = =
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Fig. 1 Schematic diagram of welding procedure
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Table 3 Welding conditions

i
ZzZb 1A AHsle] ASTM ESd wal QAAEe Groove shape Double-V | Double-bevel
AN, AlFE Bele] dojxl FEIE (ovs) 9 ¢l Welding method Flux Cored Arc Welding
FAE(o)E ©8 HBEFS o8l I2FLEAAYA Groove angle 60° 45°
2o e HFAN A AgSgon, BR §AFE [ oo -
9] AR S AES] f5te] FLE AAS :
& i £ o Back gouging 0
A0S X183 A8 22XHA(10mmx10mm) :
o AH] X¥ 1THE -80~60T, K& 1SBE Heat input (KJ/cm) 25 =~ 30
-80~40'ColH ASTM E23¢) SJAsle] Alzs) 52 Pass number 16 20
AlEE AAskei Interpass temp. (T) Min. 65 ~ Max. 140
EAE S AU 2~dER EMY[E off Current (A) 320
sl 38 BASe] 0 BEAL AgsPon], M= el o
AAN= 39 Nital 2@ Pieric 202 AlL&ale] wals
47151 = 3% Nlta-l 2! Picric 2= A]’_OS]’O% :3?—]23 Welding snssd (OBND 95
W7 8 FAEARNE SEME olgale] B3]
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Fig. 3 Schematic diagram of weld panel
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Fig. 4 Schematic diagram of CTOD test specimen

Table 4 Dimensions of specimens

Unit: mm
: : Span Notch
. __ AGEa f
Groove shape Thickness | Width st | Tormih
Double-V-groove 42 84 336 37
Double-bevel-groove 42 84 336 38
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Table 6 Mechanical properties of weld metal
Unit: MPa

—

Yield stress
539.4

576.17 J

Table 7 Dilution rate of weldment
Unit: %

Tensile stress
601.3
632.1

Groove shape

Double-V-groove

Double-bevel-groove

Double-V-groove Double-bevel-groove

17.9 17.5

Table 5 Chemical compositions of weldmetal

Unit: wt%
Section 8! Si Mn P S Ni Cr Mo Cu Ti V
Double-V-groove 0.047 | 0.301 | 1.218 [0.0143|0.0173| 1.204 | 0.024 | 0.012 | 0.051 |0.0396|0.0164

0.038 | 0.345

Double-bevel-groove

1.283 |0.0118]0.0137| 1.376 | 0.020 | 0.009

0.035 |0.0373]0.0171
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(a) Double-V-groove

(b) Double-hevel-groove

Fig. 5 Microstructure of weld metals
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Table 8 Microstructural constituents of weld metal

Ferrite type (%) M-A (%)
AF | GBI'| FSP | Reheated| Weld
Double-V-groove | 76 | 21 | 4 1.29 0.88

Double-bevel-groove| 86 | 14 | 0 1.45 2.29

Groove shape

546
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(a) Weld

(b) Reheated
Fig. 6 M-A of double-bevel-groove
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in thickness direction
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Table 9 Average values of the crack front fit parameters

Section Double~V-groove | Double-bevel-groove

Curvature(a) 00297 £ 0 0034 00332 + 0 008

Shape
Parameter(P)

247 £043 183029
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Fig. 10 SEM observation at fractured surfaces after CTOD test at -20T
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