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Abstract

This study evaluated the influence of the strength mismatch of HAZ for a plastic n-factor, which is
the principle parameter determining the plastic portion of J-integral to assess the fracture toughness of
the weldment. The specimen of tensile and hardness test was manufactured from the piping applying
narrow-gap welding, and the mechanical properties of weldment, HAZ and a base metal were obtained.
To perform the finite element analysis according to the ratio of strength mismatch, the material
properties was chosen with the change of strength using the determination method of Ramberg-Osgood
constant. Also, the influence of the strength mismatch of HAZ was determined using finite element
analysis by those properties.
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Table 1 Chemical composition of materials (wt %)
Material C Si Mn P S Ni Cr Mo Al
SA508 Cl.1a 0.2 0.22 1.15 0.01 0.002 0.22 0.096 0.056 0.032
SA508 Cl.3a 0.19 0.08 1.35 0.006 0.002 0.82 0.17 0.51 0.009
S Y FFaLE S o] 8ste] Hrlslaxk Table 2 Welding condition
stth, ol& flal olF ALl AL wite -
oA O 5] = @ an Welding Filler Metal
A R AE }\]_uﬁl_i A F ko] 8435 HA-Z Material Method AWS Size
2 A 2AE g5sglen, AxEHE uHd class (mm)
FeteAdS sty 98t gEAmel ut 508 Cl.1a GTAW ER70S-6
2 Ramberg-Osgood A= AAW S A A8, o= to 508 Cl.3a | (machine Welding) i ¢ 09
o]&3ste] Wzl wE AEEdS 23N
of ESE HAZS = E4d 2 842 1l Table 3 Results of tensile test
w2 JFS 33kl Feka iAo Frsigith i i Ramberg-Osgood
Material Y v Constant
2 HAIREE 2ol olF U ATAH (MPa) | (MP) 0T n
Weldment 397.7 | 645.0 3.386 5.188
21 Al = SA508 Cl.la | 330.4 | 517.9 | 5280 | 4.845
= Aol ARgE Ass Ak dHa 13 SA508 Cl.3a | 499.3 | 6456 | 2622 | 7.727
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Fig. 1 Schematic illustration showing how to collect
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Table 4 Summary of hardness test results Table 5 Material properties for finite element analysis
Vickers hardness Young's | | Yield F\gmbe:jg
Direction Region (HV) Region | modulus Por':i%ns strength Cosr?scignt
1st 2nd 3rd (GPa) (MPa) o 0
SA508 Clia Base metal | 192.2 | 199.9 | 198.3 SA508 3304 |4.845| 5.280
HAZ 204.2 | 204.6 | 204.7 Clla
Quarter | 222.0 | 2231 | 222.1 chsgas 499.3 |7.727 2.622
Weldment | Center | 221.3 22556 | 226.1 ~welg 1 20 | 03
Quarter 230.9 | 226.6 | 227.9 center 397.7 15188 3.386
HAZ | 202.0 | 202.1 | 203.4 HAZ 361.6 |5.018]5.386
SAS08 Cl.3a Base metal | 197.7 | 200.5 | 197.1
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Fig. 3 Comparison of vickers hardness o tfet gk 343 o helastic plastic fracture
mechanics : EPFM) w74l J-H 8-S 3=
24 A7 4 EH Beee oY 2HoR FxE B dde A,
A% Al #Hol| o H(etching)S 3dlo] -, Te]ar 1% EAJo tidk Ramberg-Osgood <=7}
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Table 6 Determination of the Ramberg-Osgood
constant using reference curve
: Ramberg- .
Yield Osgood Fitting ngr:;tr:on

Strength Fitting g
(MPa) «@ n «@ n e} n
312
(SA508 6.23 | 447 | 3.13 | 492 | 353 | 4.92
Cl.la)
499
(SA508 377 | 634 | 211 | 6.79 | 254 | 6.79
Cl.3a)
403
(Weld 3.80 | 499 | 253 | 583 | 295 | 5.83
Center)
200 425 | 391 | 466 | 3.80 | 4.82 | 3.80
300 351 | 487 | 3.66 | 480 | 3.63 | 4.80
400 296 | 582 | 3.00 | 5.80 | 297 | 5.80
500 249 | 6.84 | 253 | 6.80 | 254 | 6.80
600 215 | 783 | 2.18 | 7.80 | 2.23 | 7.80
700 183 | 894 | 191 | 880 | 2.01 | 8.80
800 159 | 10.0 | 1.70 | 9.80 | 1.83 | 9.80
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Fig. 8 Comparison of the Ramberg-Osgood fitting
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Fig. 9 Comparison of the Ramberg-Osgood fitting
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Table 7 Summary of finite element analysis for
strength mismatch (14;;)

M| Ove | Tvw | T HAZ Width | Weld Width
(MPa) | (MPa) | (MPa) (mm) (mm)

0.8 | 330 | 330 | 264 4 16

0.9 ] 330 330 297 4 16

1.2 | 330 330 396 4 16

11| 330 | 330 | 363 4 8|16|24|32

1.1| 500 | 550 | 500 4 8|16|24|32
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for various weld width (47;=1.1) values
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