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Influence of Mean stress on Fatigue Strength of Stainless Steel
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Abstract In order to incorporate the mean stress effect in the design fatigue curve for

designing nuclear power plant components, change in fatigue strength due to the mean stress and
root causes of the change were investigated for Type 316 stainless steel. First, 20% cold work was
applied to specimens of Type 316 stainless steel in order to reduce the cyclic strain hardening and
softening during fatigue tests, and then, the specimens were subjected to stress controlled
fatigue tests under the mean stress in air at room temperature. Although the mean stress tended
to show a beneficial effect on the fatigue life under the same stress amplitude, it had a detrimental
effect under the same strain range. It was shown that the reduction in fatigue life was brought
about by the change in the effective strain, which was caused not only by the rise in the crack
opening point but also by ratcheting deformation during the fatigue tests. The mean stress had
little influence on the fatigue limit for the strain range. It was concluded that, although the mean
stress reduced the fatigue life in the stress controlled fatigue tests, its effect did not need to be
considered in the design fatigue curve because no significant change in the effective strain range
occur in actual components.
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Fig. 1 TFatigue lives with and without mean stress of stainless steel [6].
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Fig. 2 Geometry of test specimen.

Table 1 Chemical content of test material (wt %) .

Fe Si Mn

p

S Ni Cr

Bal. 0.06 0.5 1.3

0.031

0.027 10.18 16.94 2.02
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Table 2 Mechanical properties of test material.

Plastic | Yield | Tensile .| Reduction | Young's
. Elongation | .
strain | strength | strength (%) in area | modulus
(%) | (MPa) | (MPa) ? (%) | (GPa)

0 299 612 58.0 79.1 203

20 661 748 33.8 73.2 189
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Fig. 3 Stress-strain curves of test material.
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Fig. 4 Fatigue lives of stainless steel with and without mean stress (0, mean stress) .
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Fig. 5 Change in strain during fatigue tests (o, stress amplitude, o.,; mean stress) .
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Fig. 6 Stress-strain relation during single cycle at Ny/2.
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