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An Experimental Investigation on Low Cycle Fatigue
Behavior of Alloy 617 Base Metal and
Alloy 617/Alloy 617 Weld Joints
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Abstract: Alloy 617 is the one of the leading candidate materials for intermediate heat exchangers(IHX) of
a very high temperature reactor(VHTR) system. Some of the components are joined by many welding
techniques and therefore the welded joints are inevitable in the construction of systems. In the present
paper, the low cycle fatigue(LCF) behaviors of Alloy 617 base metal(BM) and the gas tungsten arc
welded (GTAWed) weld joints(WJ) are investigated experimentally under strain controlled LCF tests. Fully
axial total-strain controlled tests have been conducted at room temperature with total strain ranges of 0.6,
0.9, 1.2 and 1.5%. The weld joints have shown a lower fatigue lives compared with base metals at all
the testing conditions. The weld joints have shown a higher cyclic stress response behavior than base
metal. Both BM and WJ exhibited cyclic strain hardening behavior, depending on the total strain range. In
addition, the strain-life parameters for BM and WJ were determined, based on Coffin-Manson equations.

Key Words : Alloy 617, Gas Tungsten Arc Welding (GTAW), Low Cycle Fatigue (LCF), Weld Joint (WJ)
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Table 1 Chemical composition in wt% of the
Alloy 617 plate used in this study
Element ASTM B168-08 This study
C 0.05-0.15 0.08
Ni 44.5 min 53.11
Fe 3.0 max 0.949
Si 1.0 max 0.084
Mn 1.0 max 0.029
Co 10.0-15.0 12.3
Cr 20.0-24.0 22.2
Ti 0.6 max 0.41
P 0.015 max 0.003
S 0.015 max <0.002
Mo 8.0-10.0 9.5
Al 0.8-1.5 1.06
B 0.006 max <0.002
Cu 0.5 max 0.0268
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Fig. 1 Illustration of specimen cutting from the
GTAWed pad (Alloy 617/Alloy 617)
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Fig. 6 Peak tensile and compressive stresses as a
function of number of cycle for BM and WJ
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Fig. 7 Variation of stress amplitude as a function
of number of cycle for BM and WIJ
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Fig. 8 Initial changes of stress amplitude as a

function of cycle for each total strain range
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