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Fatigue Behavior of STS316L Weldments and Degradation

Characteristic Evaluation by Ultrasonic Test
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Abstract STS316L had been used as the structural material for energy environmental facilities, because
austenite stainless steels like 316L have superior mechanical properties of which toughness, ductility, corrosion
resistant and etc. However, those welded structures are receiving severe damage due to increasing of the aged
degradation. Most studies until now have been carried out against fatigue behaviors of weldments, and were
not well studied on nondestructive evaluation methods. In this study, the fatigue crack propagation behavior of
STS316L. weldment usually used for vessels of the nuclear power plant was investigated. Also, the degradation
characteristics of 316L stainless steel weldments were evaluated by the ultrasonic parameter such as ultrasonic
velocity, attenuation factor and time-frequency analysis. The results of this study can be used as a basic data
for the prediction of the fatigue crack life of weldments structures without disjointing or stopping service of

structures in service.
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Keywords: STS316L.  weldment, ultrasonic velocity, attenuation factor, fatigue behavior, time-frequency
analysis, short time fourier transformation, degradation
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Mn

Chemical compositions of STS316L [wt%]

Si
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Table 2 Mechanical properties of STS316L

Yield strength| Tensile strength | Elongation HRB
(NfmmmP) (N/fmrm?) (%)
267.0 585.3 60.1 3098

Table 3 Welding conditions of STS316L

Current | Voltage | Welding speed | Heat input| Welding
(A} V) (mm/min) (kdiem) | method

270 17 280 9.107 ; GMAW

Table 4 Heat treatment conditions

Specimen No. cTh CT2 CT13
|- Air
Degradation time cooling
at 475C 24 h 48 h 72 h
4128
o/ |
-——Cq.y - NI ! o
SV — [3=]
—X
23
50 ’4#1__
62.5
Fig. 1 Dimensions of CT specimen {unit: mm)

Fig. 2 Specimen location in plate
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Fig. 5 Optical micrographs of base metal(BM), heat affected zone{(HAZ) and weld metal(WM)
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Table 5 Micro-hardness distribution of each parts

Micro—hardness(Hy)

BM 410, 375, 386, 352, 355, 350, 380
HAZ 313, 310, 302, 323, 325
WM 325, 310, 325, 315, 342, 319, 325
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Fig. 7 Fatigue crack growth rate versus stress
intensity factor range of welded STS316L
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