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Characteristics of Fatigue Crack Propagation and
Changes in Strain Induced Martensite a’' of STS 304
Stainless Steel
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Abstract

The effect of initial o’ in STS 304 Stainless Steel on fatigue resistance, and fatigue

crack propagation behavior was studied with using C-T specimens. Higher 4Ky was
observed in the specimens with the content of 0% initial a’ than in the contents of 2%
and 33% initial a'. The difference of da/dN at the same level of AK was distinctive in
low and intermediate level of AK however became less different as the level of AK
increased. It is because the formation of strain induced martensite occurred readily in
lower o at the vicinity of the fatigue crack tip, which causes compressive residual
stresses resulting in the enhancement of crack closure. In general fatigue cracks
propagated transgranular mode and many segments of ridges were observed on the
fracture surfaces. At the higher contents of initial @’ appeared the smaller size of ridge
segments. Slips in austenite were blocked more frequently by the martensite colonies

formed in austenite.
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Table. 1 Chemical composition (wt.%) of STS304
stainless steel

C Si Mn P S Ni Cr
005 | 040 | 1.10 | 0.03 | 0.004 | 815 | 18.30
Mo Cu Ti Al B N Fe
017 { 024 | 001 | Tr. Tr. | 005 | bal
Table. 2 Contents of initial a’
No.l | No.2 | No.3 | Average
ANH#HA o' (%) 0 0 0 0
ANEB o’ (%) | 22 19 22 2.1
AIHC e’ (%) | 150 | 151 | 150 15.3
AED o’ (%) 315 | 330 | 315 31.0
22 a’ B 53
AP nlZHAlOE (o) FAHE A5d
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Fig. 1. The relationships between da/dN and 4K
with different content of initial a’ in STS 304 steel.
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A o /2 =284.2MPa, N= 66,165 cycle
A 0 /2 = 455MPa,
* =83.3%, A 0 /2 =455MPa,

N= 33,396cycle
N=68,254cycle
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Fig. 2. Change in a’ during the zero-tension fatigue test.
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Fig. 3. Assumed transformation zone shapes prior
to crack propagation: constant hydrostatic stress
contour and equivalent stress contour
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Fig. 4. Predicted crack growth resistance R-curves
for the two initial zone shapes assuming plane
strain condition and Poisson’s ratio, ¥ =1/3.
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Fig. 5. SEM fractographs showing the fractured
surface at different level of 4K (initial & =0%):
(@) near-threshold, 4K=4.2MPa+/m
(b) intermediate, 4K=10.5MPa+v/m,
(c) high, 4K=20.1MPa+/m.
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Fig. 6. SEM fractographs showing the fractured
surface at different level of 4K (initial a '=33% )
{a) near-threshold, 4K=3.5MPa+v/m
(b) intermediate, 4K=10.5MPa+v/'m,
(c) high, 4K=20.5MPa~/m.

Fig. 7. SEM fractograph of STS 304 steel(initial a*
=0%) depicts reflective flat facetimarked as B) and
secondary crack(marked by arrows).
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