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Threshold Stress Intensity Factor and Fatigue Limit according to the
size of the micro crack of STS316L. Containing 12% Ni

Hwan-Sung Park

Department of UR Mechanical Convergence Engineering
Graduate School, Pukyong National University

First : When a crack exceeds a certain size, the maximum stress
intensity factor (K,,) is used to explain the occurrence condition of

brittle crack, and the limit condition of hydrogen assisted and stress
corrosion crack propagation. The fatigue crack can be explained
through the stress intensity factor range (AK). However, as the stress
intensity factor deals with only linear elastic bodies, it is necessary for
the nonlinear range of crack tips to be small enough. It is known that
this condition is not satisfied in the case of the micro-crack problem,
which became smaller than the threshold value of the long crack. This
study evaluates the threshold stress intensity factor and fatigue limit
of the input/output piping material STS316L for hydrogen storage tanks
using the formula proposed by the Ando et al. to analyze the
micro-crack problem uniformly and using the formula proposed by
Tange et al.

Second : Linear fracture mechanics can quantitatively deal with the
crack problem of metals and ceramics. In particular, the fracture
toughness (K and the threshold stress intensity factor (AK,,) of

fatigue crack propagation depend on the crack size. Linear fracture

_iv_



mechanics assumes that the plastic zone or nonlinear zone occurring
at the crack tip is very small compared to the crack size. However,
micro cracks do not satisfy this condition. This study evaluated the
threshold stress intensity factor (AK;,,) and the fatigue limit (Ac,) of

short surface crack size due to fatigue load using the equation that
considers the stress ratio and the plastic behavior of peculiar fatigue
proposed by Ando et al. In addition, the through crack of the infinite
plate was also evaluated for comparison.

Third : The threshold stress intensity factor and fatigue limit of
hydrogen storage tank piping material (STS316L) were determined, and
the fatigue limit and threshold stress intensity factor of micro crack
were evaluated. In addition, the crack size evaluated at the maximum
operating pressure (87.5 MPa) of the hydrogen storage tank, and the
safety of the STS316L piping was confirmed.
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Fig. 2.1 Schematic illustration of a finite plate containing a

semi-elliptical crack.
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Table 2.1 Experimental data of STS316L and SUP9A for evaluation.

b t As R Aaﬁ AI{t]ij(l)

(mm) | (mm) | (&/c) (MPa) |(MPa - m1/2)
STS316L | 10 | 4 | 1,04 | 01 | 285 6.3
SUPOA | 10 | 3 1 0 880 75
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Fig. 2.5 Evaluation results of Ac” for SUP9A.
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Table 3.1 Chemical compositions of STS316L.(wt.%)

C Si Mn P S Ni Cr Mo Co
0.01 | 0.67 1.19 | 0.035 | 0.001 | 12.14 | 17.41 | 2.05 | 0.21
Table 3.2 Mechanical properties of STS316L.
Yield strength Tensile strength Elongation
(MPa) (MPa) (%)
313 560 49
Table 3.3 Material characteristics for evaluation.
b ¢ As e Ao, AKy )
(mm) (mm) (alc) (MPa) | (MPa - m'?
10 4 1.0, 0.6, 0.4, 0.2| 0.1 285 6.3
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Fig. 3.1 Schematic of a finite plate containing a semicircular crack.
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Fig. 3.2 Relationship between threshold stress intensity factor and

crack depth according to aspect ratio. (a) As = 1.0, (b) As = 0.6, (0
As = 04, (d As = 0.2
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Table 3.4% AK,,, o wasty] $1ste] wedd #9 Zola = 0.1,

0.3, 0.5, 0.7mm¢% i, Asell H=E& AK,,,) B AK,,E HEHA Aol

Table 3.4 Comparison of threshold stress intensity factor according to

As at crack depth (a = 0.1, 0.3, 0.5, 0.7 mm)

a(mm)

0.1 0.3 05 0.7
As

TC AKyp | 3927 | 5096 | 5488 | 5687
Lo | AKuw. | 2040 | 4258 | 4825 | 5156
ARy | 3171 | 4476 | 5003 | 533
0 | AKaw | 3518 | 479 | 5217 | 5546
AK,., | 3138 | 444 | 5021 | 5351
SC ba | Maw | 3811 | 5032 | 5473 | 5713
AK,, | 2950 | 4266 | 4894 | 5268
AK,, | 4070 @ 5236 | 5645 | 5867
“f T AK,. | 2430 | 3728 | 4467 | 4.968

TC : Through crack, SC : Surface crack
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Fig. 3.3 Relationship between threshold stress intensity factor and

crack depth (a = 0.1, 0.3, 0.5, 0.7 mm) according to As.
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Fig. 3.4 Relationship between fatigue limit and crack depth according
to aspect ratio. (a) As = 1.0, (b) As = 0.6, (0) As = 0.4, (d) As = 0.2
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Table 3.4= Ao,k Wlastr] 98t wretdd 49 Zlo] o = 0.1,
0.3, 0.5, 0.7mm¢¥ o, Asel| WE2= Ao A Ao, nE HERA Zolth

wela)

Table 3.4 Comparison of fatigue limit according to As at crack depth

(a = 0.1, 0.3, 0.5, 0.7mm)

almm) 0.1 0.5 1.0 15
As

TC AT, 221.5 138.4 104.3 87.2
AC (o) 251.0 181.6 140.5 114.6

1P AC () 245.3 170.4 12 98.9

AG ) 235.2 154.1 111.2 84.3

0P AC (o) 246.1 170.5 123.4 90.9

St o ZANG A 225.6 1396 95%5 67.4
AG ) 250.9 177.8 126.1 87.9

0.2 JANC S 216.2 5% 76.8 44.7

AC () 262.3 199.4 136.9 81.6

TC : Through crack, SC : Surface crack
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Fig. 3.5 Relationship between threshold stress intensity factor and

crack depth (a = 0.1, 0.3, 0.5, 0.7mm) according to aspect ratio.
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Table 4.1 Chemical composition of test material. (wt.%)

C Si Mn P S Ni C Mo Co
0.01 0.67 1.19 | 0.035 | 0.001 | 12.14 | 17.41 2.05 0.21
Table 4.2 Mechanical properties of test material.
Yield strength | Tensile strength Elongation Hardness
(MPa) (MPa) (%) (HRBW)
313 560 49 81
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Table 4.3 Crack depth according to fatigue limit reduction ratio. (unit :

mm)
Fatigue limit Aspect ratio (A4s)
reduction rate (%) 1 0.8 0.6 0.4
10 0.082 0.075 0.050 0.039
15 0.132 0.104 0.082 0.064
25 0.274 0.213 0.167 0.130
50 0.983 0.783 0.616 0.485
71 2.298 1.875 1.504 1.188
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