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The Effect of Tensile Hold time on the Fatigue Crack Propagation Property
and Grain Size on the Creep Behavior in STS 316L

S.Y.Kim, M.JKim, Y.H.Rho, B.S.Lim

Abstract

The heat resistant material, in service, may

experience static loading, cyclic loading, or a
combination of two. An experimental study of crack
growth behavior of STS 316L austenitic stainless
steel under fatigue, and creep-fatigue loading
conditions were carried out on compact tension
specimens at various tensile hold times. In the
crack growth experiments under hold time loading
conditions, tensile hold times were ranged from 5
seconds to 100 seconds and its behavior was
characterized using the JK parameter.

The crack growth rates generally increase with
increasing hold times. However in this material, the
trend of crack growth rates decreases with
increasing hold times for short hold time range
relatively. It is attributed to a decline in the cyclic
crack growth rate as a result of blunting at the
crack tip by creep deformation.

The effect of grain size on the creep behavior
of STS 316L was investigated. Specimens with
grain size of 30, 65 and 125ym were prepared
through various heat treatments and they were
tested under various test conditions. The fracture
of 316L

intergranular with increasing grain size.

mode changed from transgranular to
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Table 1 Chemical composition of STS 316L (wt.%)

ClS {Mn| P S Cr Ni | Mo | Fe
0.02] 062 | 069 0021 (0002|1737 | 1223} 2.16 | Bal.
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Fig. 1. Geometry of CT specimen.

Table 2 Conditions of the fatigue 1tests. Loading

(unloading) time 0.05sec., Load ratio 0.1

l_i"ld Loading Initial 4K | Final 4K

time waveform (M V m) aeaVm)

Osec. triangular 154 236

Hsec. trapezoidal 15.1 25.3

10sec. trapezoidal 14.6 5.3

Nsec, trapezoidal 20.6 26.6
1(0sec. trapezoidal 20.4 264
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Fig. 2. Geometry of creep specimen

Table 3 Heat treatment for grain size control.

Heat Treatment Average Grain Diameter
Temperature Time ASTM(#) /4m
1050C Thr 7.2 30
1050°C 10hr 5.2 65
1150°C 10hr 3 125
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Fig. 3. Microstructure of STS 316L steel observed by
optical microscope. (a) specimen 1. GS:30um (b)

specimen 2, GS: 65um, (c) specimen 3, GS:125/m
*GS: grain size
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Fig. 4. da/dN vs. A K curve at various tensile hold
times(0, 5, 10, 50, 100 sec.)
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. 5. Fatigue crack growth test with 80min. hold time
applied at the maximum load at different crack
lengths A, B and C (at 600C)
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Fig. 6 Fractured surface of fatigue crack growth
test with -hold time applied at the
maximum load
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Fig. 7. Crack growth rate as a function of hold time
at AK=23MPaVm.
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(c) fractography of SEM (GS: 125um)

Fig. 9. Typical cavities of the crept
specimen, (GS: Grain Size)
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