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Effect of Creep-Fatigue Interaction on High Temperature Low Cycle
Fatigue Strength and Fracture Behavior of STS 316 Stainless Steels

Sae-Wook Oh, Kyu-Yong Lee, Joong-Wan Kim and Moo-Kyueng Moon

Abstract

Fully reversed push-pull low cycle fatigue tests under strain control of trapezoid cyclic mode
have been conducted in air at temperature of 550°C and with frequency of 0.5 cpm on the
domestic stainless steel STS 316 after solution treatment for 1 hour at 1100°C,

As an experimental equipment for high temperature fatigue tests, an electric servo-hydraulic
fatigue machine(Instron model 1350) was used. This paper presents the effects of creep hold
time and plastic strain range on push-pull high temperature low cycle fatigue life and fracture
behavior. The fracture surfaces were observed by means of the scanning electron microscope.

The results are as follows.

(1) The fatigue life decreases with increase of the plastic strain range under equal hold time
and also decreases as the hold time is getting longer. .
(2) The frequency modified damage function can predict fatigue life by incorporating a variat-
ion of Coffin’s frequency modified approach into damage function.
(3) The ratios of creep damage and fatigue damage can be calculated by using the linear acc-
umulation damage concept and the ratio of creep damage increases as the hold time is gett-
ing longer.
(4) At the creep hold time of 5 minutes and the strain range of 2.0%, the fracture mode was
intergranular fracture and striations were hardly observed. In this case, the intergranular
cracking was originated in void type (‘7" type) cracking.
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Table 1 Chemical composition(wt. %)

Cisi|[M| P|s|N|cC|M

0. 050 1. 180) 0. 026} 0.01611. 500|16. 380} 2.430

0. 470

Table 2 Mechanical properties of the test materials

| Tensile strength | Yield strength Elongation Reduction of area Hardness
‘ (kgf/mm?) (kgf/mm?) (%) (%) (Hv, 100 grf)
Raw materials | 74.9 59.1 0.8 | 73.6 258
Solution*
. 56. 1 26.8 55.9 81.6 187
materials ‘

* : Splution treated at 1100°C for 1 hr.
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Table 8 Conditions of fatigue test

Temperature| Frequency | Total strain | Hold time
9 (cpm) range (%) | Th (min)
550 | 05 101520 015
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Table 4 Constants of materials

Materials ‘ Temp. | ) ay ; B a, | B T2 l Remark
STS 316 | 550°C | 1.089x10° | L2l |5.738x107% | 5.434 0.401 | Author
SUS 304 | 650°C | L0x10® | L5t |asoxi0 | 218 0.951 | Udoguchi
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(@) 4e0=2.0%, N:=523
(b) de=1.0%, N;=1854
Fig. 9 SEM f{ractographs of fatigue specimen at creep hold time 0 min.
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Fig. 10 SEM fractographs of creep-fatigue interacted specimen at creep hold time 1 min.
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