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Abstract. A series of low cycle fatigue tests under stress control were conducted for the smooth and 
notched specimen of 022Cr17Ni12Mo2 stainless steel. The ratio of fatigue strength of smooth 

specimen to notched specimen decreases with decrease in fatigue life. The notched effect is more 

significant at lower stress level. The cyclic additional hardening is observed for the smooth and 

notched specimen at all test conditions. The cyclic hardening amount is larger for notched specimen 

than those for smooth specimen at the same stress levels. 

Introduction 

Type 316L austenitic stainless steel has been widely used in components in nuclear reactors, 

international thermonuclear experimental reactor, Generation-IV nuclear reactors, and so on [1-2]. 

It processes good tensile, creep, fatigue and creep-fatigue strength, fracture toughness and fabric 

ability at high temperatures [3]. In a design of liquid metal cooled fast breeder reactor components, 

resistance to low cycle fatigue damage is essential, because the components are often subjected to 

repeated cyclic thermal stresses resulting from temperature variations during start-ups, shut-downs 

and power transitions. Therefore, LCF damage is one of the dominant failure modes, requiring a 

safe and efficient design and life analysis of LMFBR components [4-5]. 

Roy et al. [6] studied cyclic hardening properties of 316L (N) at room temperature and 

performed elastic-plastic finite element analysis to obtain hysteresis loops under repeated loadings. 

They estimated LCF lives based on the analyzed plastic strain energy dissipation. Pham et al. [7-8] 
showed the cyclic deformation characteristic of the austenitic stainless steel being composed with 

cyclic hardening, stress saturation and cyclic softening, and they discussed these three stages in 

relation with different microstructure developments. Ueno et al. [9] reported the substantial 

improvement in monotonic and cyclic strength for austenitic 316L stainless steel by nanostructuring. 

Some studies discussed on the corrosion of 316L stainless steel [10, 11]. 

In this investigation, a series of tensile tests and low cycle fatigue tests for stress ratio R=0 under 

stress control were conducted for the smooth and notched specimens of 022Cr17Ni12Mo2 stainless 

steel. The cyclic stress-strain curves and stress-life curves were gained. The fatigue property for this 

material was discussed. 

Test Procedure 

Specimen Preparation. Test material used in this study was 022Cr17Ni12Mo2 stainless steel, cold 

rolling state. The material property are followed, yield strength 342MPa, ultimate strength 607MPa, 

reduction of area 68%, and elasticity modulus 200GPa. The plate specimens used in low cycle 

fatigue tests for smooth and notched specimen are shown in Fig 1 and Fig 2. The thickness is 1mm. 
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The semicircle notch was chosen for the tests, R=0.25mm. The elastic stress concentration factors is 

2 4TK . .  

 

 

Figure 1  Smooth plate specimen (mm)      Figure 2  Notched plate specimen (mm) 

Test Process. EUT-1020 was used for low cycle fatigue tests under uniaxial loading at room 

temperature. The tensile tests were carried for smooth and notched specimens and the load velocity 

was 0.810
-3

KN/s. The pull-pull fatigue tests were carried under stress control for smooth and 

notched specimens. The waveform was triangular. The minimum load was set zero (i.e., stress ratio 

R=0). The failure life was defined as fracture. Test conditions and fatigue test results for smooth 

and notched specimens are shown in Table 1.  

 

Table 1  Test conditions and fatigue test results 

Serial number Fmax/KN 
max /MPa Fatigue life Nf / cycle 

Smooth specimen Notched specimen 

No.1 1.4 564 2326 1368 

No.2 1.3 518 4895 3240 

No.3 1.2 480 7224 5393 

No.4 1.1 442 10884 7582 

No.5 1.0 400 27153 12338 

No.6 0.9 360 37865 19386 

No.7 0.8 320 46676 31697 

No.8 0.7 282 - 41868 

 

Test Results and Discussion 

S-N Curves. S-N curves for smooth and notched specimen are shown in Fig 3. It can be seen that 

the two curves for smooth and notched specimen are not parallel. The following approximate 

equations can be obtained based on the test results. 

Smoot h spec ime n         
- 0 1 7 1 9

2 1 9 1 2
.

m a x f. N                        (1 ) 

N o t c hed  s pe c i m e n        
 

0 1901

2343 5
.

max f. N


 
                     (2 ) 

Where max  is the maximum cyclic stress, fN  is fatigue failure life. 

The fatigue strength factor for notched specimen is gained, Equ.1 divided by the Equ.2  

0.01820.935(N )fK 
                                                           (3) 
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Figure 3.  S-N curve 

From Fig. 3 and Equ.3, the fatigue strength ratio is larger when the life is longer, vice versa. 

Fatigue will occur if the material is subjected to the alternating stress. There are two phases, crack 

initiation and crack propagation. The axial stress at the notch root is almost equivalent to the axial 

stress of smooth specimen before the crack initiation. In the process of crack propagation, however, 

the axial stress of the notched specimen will vary and the propagation lives are different between 

the smooth and notched specimen. The shorter fatigue life, i.e., higher stress, the ratio of the 

propagation life to the fatigue failure life is larger so the fatigue failure life is shorter and the fatigue 

strength ratio is less. Moreover, the plastic deformation will occur at higher cyclic stress and the 
stress will be redistributed. The notched effect is not more significant at higher stress level than 

lower stress level. 

The Hysteresis Loop Properties. The hysteresis loops for the smooth and notched specimens 

under 442MPa are shown in Fig 4(a) and Fig 4(b). For two types of specimen, the curve is long and 

narrow, and sharper at both ends. In the fatigue process, the elastic deformation is dominated and 

the plastic strain is smaller. Cycle 80
th
, 220

th
, and 2000

th
 are shown in Fig 4(a) and Fig 4(b). With 

increase in cycle, the hysteresis loop becomes smaller due to the cyclic hardening occurring. At the 

same stress level and cycle number, the hysteresis loop width of notched specimen is more than that 

of the smooth one. The plastic strain is larger and it can be attributed to the stress concentration. 

 

     

(a)                                        (b) 

Figure 4.  Hysteresis loops under 442MPa for 

(a) smooth specimen          (b) notched specimen 

Cyclic Hardening Behavior. The strain ranges of smooth and notched specimen at different 

stress levels are plotted in the Fig 5(a) and Fig 5(b). The cyclic hardening phenomena can be seen 

from each curve and this phenomenon is more significant at higher stress level. For smooth 

specimen, the strain ranges reach stabilization after 100 cycles. But for notched specimen, the cyclic 
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stabilization is observed after 60 cycles. The variation amounts of the strain range from the first 

cycle to stabilization cycle are different in different test levels for smooth and notched specimen. At 

0~320MPa, the variation amounts of the strain range for notched specimen is 0.018%, but 0.012% 

is for smooth specimen. The variation amplitudes are 0.019% for smooth specimen and 0.016% for 

notched specimen at 0~360MPa, 0.024% for smooth specimen and 0.020% for notched specimen at 
0~442MPa. From the comparison, it can be concluded that the variation amounts are larger at the 

same stress level for notched specimen than those for smooth specimen. The stress level can 

influence the notched specimen more significant than smooth specimen so the cyclic hardening 

phenomenon is more prominent for notched specimen for this material. 

 

           

(a)                                      (b) 

Figure 5.  Strain range under different stress amplitude for 

(a) smooth specimen           (b) notched specimen 

Conclusion 

A series of low cycle fatigue tests under stress control were conducted for the smooth and notched 

specimen for 022Cr17Ni12Mo2 stainless steel. It can be concluded, 

(1) The ratio of fatigue strength of smooth specimen to notched specimen decreases with 

decrease in fatigue life. The fatigue life decreases with increase in stress level for smooth specimen 

to notched specimen, however the decrease amount is more obvious at lower stress level.  

(2) Comparison the hysteresis loop between the smooth specimen and notched specimen, the 

hysteresis loop is wider for the notched specimen than those of smooth specimen at the same stress 

level. The cyclic additional hardening is observed for the smooth and notched specimen at all test 

conditions. The cyclic hardening amount is larger for notched specimen than those for smooth 

specimen at the same stress levels.  
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