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Abstract. A series of low cycle fatigue tests under stress control were conducted for notched
specimen of 022Cr17Nil2Mo2 stainless steel. The tensile test results show that the yield strength
and tensile strength of the notched specimen are more than those of smooth specimen. The necking
phenomena indicate that the material has excellent plasticity. The fatigue lives of notched
specimens were predicted by the local stress-strain approach. The predictions of fatigue notched
factor form tests are more accurate than those of Peterson approach. The predictions of crack
initiation life are in a factor-2 scatter band.

Introduction

For practical structure, there would inevitably be discontinuous structure in the keyway, threaded
hole, and so on. The fatigue failure would happen due to the obvious stress concentration. The
researchers of all over the world have paid more attention to the fatigue failure in the notched
specimen. 022Cr17Nil2Mo2 stainless steel (316L in US) has been used in vessel, petrochemical
engineering in the high temperature, corrosion environment, generation-1V nuclear reactors due to
better high-temperature strength, work hardening, good plasticity and weldability [1].

Recent years, many researches have been done for this material. Roy et al [2] found that 316L
behaved cyclic hardening in the early circulation and the temperature change had a significant
influence on the low cycle fatigue performance by the uniaxial cyclic fatigue test and microanalysis.
Kim et al [3-4] carried the fatigue tests for this material and concluded that the fatigue life, creep
fatigue life, and saturation stress increased with increase in nitrogen content. Puchi-Cabreraa et al [5]
conducted the high cycle fatigue tests of 316L under constant and variable amplitude loading under
axial loading. When failure cycles 144,000-271,000, the yield stress has increased notably. When
the stretching stress stabilizing, plastic distortion concentrated at the notch and other mechanical
properties have been kept unchanged.

In this investigation, a series of tensile tests and low cycle fatigue tests for stress ratio R=0 under
stress control were conducted for notched specimens of 022Crl17Nil2Mo2 stainless steel. The
fatigue lives were predicted based on the damages calculated by Peterson approach and K, based

on the test results.

Test Procedure

Specimen Preparation. Test material used in this study was 022Cr17Nil12Mo2 stainless steel, cold
rolling state. The chemical composition of the material tested is shown in Table 1. The material
property are followed, yield strength 342MPa, ultimate strength 607MPa, reduction of area 68%,
and elasticity modulus 200GPa.
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Table 1 Chemical composition of 022Cr17Nil2Mo2 stainless steel (wt.%).

C Si Mn P S Cr Ni Cu N Mo

0.024 0.53 1.23 0.03 | 0.001 16.58 10.19 | 0.0344 0.03 2.17

The plate specimens used in low cycle fatigue tests for notched specimen are shown in Fig. 1.
The thickness is 1mm. The semicircle notch was chosen for the tests, R=0.25mm. The elastic stress

concentration factors is K, =2.4.

14 3.0 e

Figure 1. Notched 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 notched specimens and the load velocity was 0.8x10°KN/s. Two
groups could be conducted for the smooth and notched specimens respectively and the results were
given by the average. The pull-pull fatigue tests were carried under stress control for 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. The detail test conditions and fatigue test results are shown
in Table 2.

Table 2 Test conditions and fatigue test results for notched specimen

Serial number Fmax/KN O IMPa Fatigue life (N¢)/ cycle
No.1 14 564 1368
No.2 1.3 518 3240
No.3 1.2 480 5393
No.4 1.1 442 7582
No.5 1.0 400 12338
No.6 0.9 360 19386
No.7 0.8 320 31697
No.8 0.7 282 41868

Discussion on Tensile Tests.

Two tensile curves of smooth specimen and notched specimen are shown in Fig. 3. The yield
strength and tensile strength of smooth specimens are gained from the tensile curve in Fig. 2,
o, =320MPa and o, =585MPa respectively. However, the yield strength and tensile strength of
notched specimens are o, =360MPa and o, =632MPa.The values for notched specimen are

larger than those of smooth specimen due to the reinforcement notch. At the end of the tensile
curves, there are obvious necking phenomena, i.e., stress decreases with increase in strain. It shows
that the material possesses the excellent plasticity.
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Figure 2. Tensile stress-strain curve Figure 3. Predictions by different K,

Local Stress-Strain Approach

The local stress-strain approach has been used for the fatigue life prediction for notched specimen.
For this approach, the determination of local strain & at dangerous point is very important. Neuber
rule [6] has be used widely due to its simplicity and it can be written as

K, = JK_K, )

Where K, =Ac/ AS, K =Ae/ Ae. AS, Ae, Ac, Ae, K;are nominal stress, nominal strain,
local stress, local strain, and elastic stress concentration factor. Equ.1 can be converted into

AcAe = KZAS? | E

(2)
Combination Equ.1 and the constitutive relation
Ae=Ac | E+(Ac ] K)" 3)
The local stress and strain at the notch root can be gained
(Ac)? I 2E+ Ac(Ac /1 2K)'™ = (K;AS)? / 2E (4)

where Kand n'are cyclic hardening coefficient and cyclic hardening exponent and they can be
gained from the stress-strain curve at half-life. The values are K=2850and n'=0.38.

The conservative predictions have been gained if the damage was calculated by Neuber rule. So
the fatigue notch factor K, was used to calculate the damage instead of the elastic stress

concentration factor K, [7]. The modified Neuber formula can be written as.

AcAe=KZAS? |E=C (5)

Thus, Equ.4 can be written to

(AS)? 1 2E+Ac(Ac/ 2K)'™ = (K, AS)? / 2E (6)

Fatigue Life Prediction

Peterson Approach. Peterson proposed a new formula to determine the fatigue notch factor
according to the size effect of statistics[8]:
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Ki=1+K, -1)/(1+a/R)

f

(7)

Where, R is the radius of the notch, a is a material constant related to the ultimate strength
and can be gained from Equ.8.

@)1.8
% (8)
K, =17

a=(

Where, b is the ultimate strength. The fatigue notch factor
Peterson approach.

K, based on the test results.The definition of K, is the ratio of the fatigue limit of smooth

is obtained according to

specimen to the fatigue limit of notched specimen[9]. Combining the €—N curve of smooth
specimen curve and notched curve, the fatigue notched coefficient K, =1.2 is gained and the

infinite fatigue life is considered as 10°.

Fatigue life predictions. The crack initiation life did not be measured during the test process due
to the limited the equipment. For this material, the ratio of the initiation life to fatigue failure life is
62% according to the statistics results on the crack initiation life of notched specimen [10-11]. The
damage is calculated based on different K, , Peterson approach and K, based on the test results.

The predictions are shown in Fig. 3.

It can be seen from the Fig. 3 that the predictions from Peterson approach are conservative. The
material behaves the excellent plasticity that can be seen from Fig. 2 and the fatigue life decrease
due to the notched effect is not obvious. But the predictions from K, based on the test results are

satisfied and most predictions are in a factor-2 scatter band.

Conclusions

A series of low cycle fatigue tests under stress control were conducted for notched specimen for
022Cr17Nil2Mo?2 stainless steel. It can be concluded,

(1) The yield strength and tensile strength of the notched specimen are more than those of
smooth specimen in the tensile test. The obvious necking phenomena indicate that the material has
excellent plasticity.

(2) For the fatigue life prediction of notched specimens, the predictions of local stress-strain
approach which is under fatigue notched factor from tests are more accurate than those of Peterson
approach. The predictions of crack initiation life are in a factor-2 scatter band.
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