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Damage due to Low-cycle Fatigue of Type 316 Stainless Steel
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Abstract To reasonably predict of fatigue life under variable loading, it is important to

understand the damaging process. In this study, the damage process of low-cycle fatigue was
investigated for Type 316 stainless steel. Fully-reversed axial fatigue tests were conducted in the
ambient air at a room temperature by controlling strain amplitude, which was 6% at the maximum .
Two-step strain tests were also conducted in order to assess the effect of loading history on fatigue
life. The fatigue life was shown to be not always longer than that estimated using a linear damage
accumulation rule. Furthermore, in order to evaluate the effect of initiation and growth of surface
cracks on the fatigue life, the surface layer of specimens was removed after the first step. The
fatigue life was extended by surface removal, although it was not recovered completely. Many
internal cracks were observed on the fractured surface of the surface-removed specimens, and in
some cases the specimens were fractured by these internal cracks. It was concluded that the
low-cycle fatigue damage of Type 316 stainless steel consisted of three factors: surface cracking,
internal cracking, and strain accumulation.

Keywords Low Cycle Fatigue, Stainless Steel, Internal Crack, Surface Crack, Variable Loading, Linear
Damage Accumulation Rule
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71 Chemical content of test material (wt%) .

Fe C Si | Mn P S Ni Cr | Mo
Bal. | 0.05|0.25|1.31 0.032]0.030|10.17|16.81| 2.00

# 2 Mechanical properties of test material.

0.2% proof strength | Tensile strength| Elongation |Reduction of area
294 MPa 602 MPa 0.60 0.76
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(b) Hourglass-type specimen

1 Geometry of test specimen (unit: mm).
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# 3 Summary of fatigue tests (monotonic strain) .

Strain Specimen N Internal
Ae/2(%) type cracks
0.4 Plane 32617 No
0.4 Plane 31563 No
0.4 Plane 33414 No
0.6 Plane 7694 No
0.6 Plane 7807 No
0.6 Plane 7806 No
0.8 Plane 3500 No
0.8 Plane 3873 No
0.8 Plane 3329 No
1.0 Plane 1555 No
1.0 Plane 1939 No
1.0 Plane 1628 No
1.2 Plane 915 No
1.2 Plane 1145 No
1.2 Plane 839 No
0.5 Hourglass 8634 -
0.5 Hourglass 7840 No
1.0 Hourglass 1340 No
1.0 Hourglass 1294 No
2.0 Hourglass 293 No
2.0 Hourglass 275 Primary
3.0 Hourglass 130 Sub
3.0 Hourglass 130 Sub
4.0 Hourglass 71 Sub
4.0 Hourglass 69 Sub
5.0 Hourglass 49 Sub
5.0 Hourglass 47 -
6.0 Hourglass 32 No
6.0 Hourglass 31 No
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2 Fatigue properties of Type 316 stainless. steel.
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3 Fractured surfaces of specimens after  fatigue
test.
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4 Change in peak stress during fatigue tests.
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# 4 (a) Summary of fatigue tests (two-step test without surface removal) .
Ae/2(%) Specimen First step Second step UF Internal
First step | Second step type M Ny N/ Niown) N: Niwz) N2/ Niwz) cracks

0.4 1.2 Plane 17000 32531 0.52 1027 966 1.06 1.59 No
0.4 1.2 Plane 17000 32531 0.52 998 966 1.03 1.56 No
0.4 1.2 Plane 17000 32531 0.52 954 966 0.99 1.51 No
1.2 0.4 Plane 485 966 0.50 7544 32531 0.23 0.73 No
1.2 0.4 Plane 485 966 0.50 8260 32531 0.25 0.76 No
1.2 0.4 Plane 485 966 0.50 7969 32531 0.24 0.75 No
2.0 0.5 | Hourglass 170 284 0.60 960 8237 0.12 0.72 -
2.0 0.5 | Hourglass 170 284 0.60 1063 8237 0.13 0.73 No
2.0 1.0 | Hourglass 170 284 0.60 402 1317 0.31 0.90 | Primary
2.0 1.0 | Hourglass 170 284 0.60 320 1317 0.24 0.84 Sub
2.0 6.0 | Hourglass 170 284 0.60 21 32 0.66 1.25 No
2.0 6.0 | Hourglass 170 284 0.60 19 32 0.59 1.19 No
6.0 0.5 | Hourglass 15 32 0.47 1451 8237 0.18 0.64 No
6.0 0.5 | Hourglass 15 32 0.47 1493 8237 0.18 0.65 -
6.0 1.0 | Hourglass 15 32 0.47 348 1317 0.26 0.73 No
6.0 1.0 | Hourglass 15 32 0.47 333 1317 0.25 0.72 No
6.0 2.0 | Hourglass 15 32 0.47 113 284 0.40 0.87 No
6.0 2.0 | Hourglass 15 32 0.47 102 284 0.36 0.83 Sub
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#*4 (b) Summary of fatigue tests (two-step test with surface removal) .
Ae/2(%) Specimen First step Second step UF Internal
First step | Second step |  type M Nowy | Ni/Niow Na Niwzy | No/Niowo) cracks
0.4 0.4 Plane 17441 32531 0.54 36657 32531 1.13 1.66 No
0.4 0.4 Plane 17441 32531 0.54 33967 32531 1.04 1.58 No
1.2 0.4 Plane 489 966 0.51 28159 32531 0.87 1.37 No
1.2 0.4 Plane 489 966 0.51 30459 32531 0.94 1.44 No
2.0 0.5 | Hourglass 170 284 0.60 3379 8237 0.41 1.01 | Primary
2.0 0.5 | Hourglass 170 284 0.60 1091 8237 0.13 0.73 | Primary
2.0 1.0 | Hourglass 170 284 0.60 597 1317 0.45 1.05 | Primary
2.0 1.0 | Hourglass 170 284 0.60 280 1317 0.21 0.81 | Primary
2.0 2.0 | Hourglass 155 284 0.55 214 284 0.75 1.30 | Primary
2.0 2.0 | Hourglass 155 284 0.55 162 284 0.57 1.12 No
2.0 6.0 | Hourglass 170 284 0.60 33 32 1.03 1.63 Sub
2.0 6.0 | Hourglass 170 284 0.60 26 32 0.81 1.41 Sub
6.0 0.5 | Hourglass 15 32 0.47 2535 8237 0.31 0.78 | Primary
6.0 0.5 | Hourglass 15 32 0.47 4345 8237 0.53 1.00 | Primary
6.0 1.0 | Hourglass 15 32 0.47 693 1317 0.53 0.99 Sub
6.0 1.0 | Hourglass 15 32 0.47 525 1317 0.40 0.87 No
6.0 2.0 | Hourglass 15 32 0.47 219 284 0.77 1.24 Sub
6.0 2.0 | Hourglass 15 32 0.47 198 284 0.70 1.17 | Primary
6.0 6.0 | Hourglass 15 32 0.47 31 32 0.97 1.44 No
6.0 6.0 | Hourglass 15 32 0.47 34 32 1.06 1.53 -
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8 A schematic drawing representing crack initia-
tion and growth process.
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(a) SEM image

(b) Phase
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11 Cross sectional view of SEM image, phase and local misorientation (de = 2% , 0.5V)
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