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Low Cycle Fatigue Strength and Fracture Behavior of STS 316
Stainless Steel at Elevated Temperature

Sae Wook Oh, Kyu Yong Lee and Han Soo Seo

Abstract

In the present paper, strain controlled low-cycle fatigue experiments were conducted under the
conditions of constant total strain control with strain rate 40% /min at temperatures of 450°C,
500°C, 550°C, 600°C and 650°C to clarify the low-cycle fatigue strength and fracture behavior
of the solution treated austenitic type 316 stainless steel. An electric servo-controlled hydraulic
testing machine (Instron Model 1350) equipped with an electric furnace was used.

The effects of plastic strain range, elastic strain range, total strain range and crack behavior
on high temperature fatigue life examination are as follows;

(1) The relationship between plastic strain range and high temperature fatigue life follows the
Manson-Coffin equation de,-N2=C, and the value of @ and C,are in the range of 0.432~0.629
and 29.483~58.043 respectively according to the temperature.

(2) The values of the exponent a in Manson-Coffin equation and the cyclic strain hardening
coefficient sz exist between the curves of Morrow and Tomkins.

(3) The intergranular cracks were observed at the temperature above 550°C, in the plastic
strain range above 3% and at the cyclic frequency under 5 cpm.

(4) The initiation and propagation of cracks occured independently or compositely at trans- .
granulars, intergranulars and twin boundaries depending on temperature, plastic strain range

and frequency.
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Table 1 Chemical compositions(wt%)

Materials C Si Mn P s Ni | Cr Mo
STS 316 ] 0.05 \ 0.47 118 | 0026 | o016 | 1.5 | 1638 | 2.43
Table 2 Mechanical properties of materials
Tensile Yield . Reduction . . . .
. Elongation Micro-Vickers| Grain size
Materials strength strength of p
(kgf/mm?) | (kgf/mm?) (%) area(%) Hv(100g) | (ave. dia.)
Raw 74.9 59.1 40.8 73.6 258 16p4m
Solution treated 56. 1 26.8 55.9 81.6 187 44pm
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Table 3 Modulus of elasticity of materials on high
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Temp. (°C) | 450 | 500 | 350 | 600 [ 650

s J
Young’s modulus 14850
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Table 4 Constants for experimental low-cycle fatigue
equation of STS 316
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