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Abstract . In any installation, welded joints are of major concern as they are frequently the sites of localized
damage. Type 316 stainless steels and their welds are commonly used for structural components designed to
operate at elevated temperatures. Under these operating conditions, component life may be limited by various
damage mechanisms such as fatigue, creep and oxidation. When stainless steel welds are exposed to elevated
temperature, the ¢-ferrite, which is introduced to reduce hot cracking and microfissuring, gets transformed
to carbides and various intermetallic phases like brittle ¢ phase. This transformation shows to decrease
ductility when high stress are applied at elevated temperature. In isothermal fatigue, an extensive transforma-
tion of §-ferrite to o phase was reported to be responsible for reduction in fatigue life. It was observed with
a number of materials that the most conservative fatigue life may not be under isothermal fatigue test
condition but thermomechanical fatigue (TMF) where combined cycles of both temperature and mechanical
strain are applied. Though there are several studies on the isothermal fatigue of 316 stainless steel weldments,
to the authors’ knowledge there is not any work reported on the TMF behavior. In this study the TMF (in-
phase) behavior of type 316 stainless steel weldments with temperature range 573~973 K was studied using
cylindrical specimens machined from base metal, weld metal and weld joint and a comparison was made with
isothermal fatigue behavior at 973 K. The progress of §-ferrite transformation in weld metal was examined
at different levels of life and the effects on the fatigue behavior were also discussed. In all joint specimens,
fatigue failure occurred in the weld metal region. The lives of the weld metal and joint specimens were nearly
equal and were always inferior to those of base metal specimens. In base metal specimens, the effect of strain
rate on isothermal fatigue life was not very much significant. Though TMF lives were always a little shorter
than the isothermal fatigue lives in base metal, the difference was small at the same mechanical strain range
and similar strain rate. This may be due to that fracture mode in both loading was similar-a mixed type. On
the other hand, a drastic reduction in life was noticed in weld metal and joint specimens under TMF in
comparison with isothermal fatigue. This was attributed to the additional damage due to many independent
subsurface cracks at ¢ phase boundaries and linkage of these cracks with the surface crack leading to rapid
crack propagation. d-ferrite in weld metal rapidly transformed to ¢ phase in both isothermal fatigue and
TMF tests. Difference of the stress amplitudes between both tests was considered to have caused the
difference of fatigue lives.
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Table 1 Welding condition.

R
Interpass Welding Welding Welding Shielding
temp. current voltage speed gas

< 423K 250,270A 11V 1.67mm/s Ar

Table 2 Chemical composition of tested materials.
HEMOLER S

(wt%)

C S Mn P S Ni Cr Mo

Base metal 0.05 0.34 1.35 0.031 0.028 10.13 16.88 2.06
Weld metal 0.04 0.47 1.80 0.023 0.004 11.76 18.97 2.12
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Fig. 1 Specimen design.
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Fig. 3 Cyclic stress response in isothermal fatigue
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