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Crack Closure and Growth Behavior of Short Fatigue Cracks under Random
Loading (Part I : Details of Crack Closure Behavior)

Shin-Young Lee - Ji-Ho Song
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Abstract

Crack closure and growth behavior of physically short fatigue cracks under random loading are
investigated by performing narrow- and wide-band random loading tests for various stress ratios. Artificially
prepared two-dimensional, short through-thickness cracks are used. The closure behavior of short cracks
under random loading is discussed, comparing with that of short cracks under constant-amplitude loading and
also that of long cracks under random loading. Irrespective of random loading spectrum or block length, the
crack opening load of short cracks is much lower under random loading than under constant-amplitude
loading corresponding to the largest load cycle in a random load history, contrary to the behavior of long
cracks that the crack opening load under random loading is nearly the same as or slightly higher than
constant-amplitude results. This result indicates that the largest load cycle in a random load history has an
effect to enhance crack opening of short cracks.
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Fig. 1 Specimen configurations of (a) prior to precracking
and (b) precracked short crack specimen.
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Fig. 3 Growth rates of short fatigue cracks as a function
of AK for constant amplitude loading.
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Fig. 4 Crack opening stress intensity factors and
crack opening ratios as a function of K,
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Fig. 5 Growth rates of short cracks as a function of AK,g.
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Fig. 6 Comparison of crack opening ratios between
long and short fatigue cracks.
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Table 1 Effective stress intensity factor range and crack length at

which U of a short crack merges with long crack results.

Test conditions UsitR, 20 ) | AKeglUse | alUss
Ao 0 max [_yy.. 172
R |ai(mm) (MPa) | (MPa) =Unin(R,A0 }(MPam")| (mm)
0.49 146 73 0.29 4.3 2.69
0.19 123 62 0.26 4.1 3.25
-1 0.24 113 57 0.26 44 3.43
0.23 92 46 - - -
mean 0.27 43
0.34 161 107 0.39 4.5 1.60
0.36 114 76 0.36 4.0 2.49
-0.5 0.63 92 61 0.35 42 3.2
0.19 92 61 0.35 45 3.39
mean 0.36 4.3
0.34 92 92 0.49 4.1 231
0.18 80 80 0.49 40 247
0 0.19 61 61 0.49 42 345
mean 0.49 4.1
0.31 83 92 0.52 3.8 2.23
0.1 0.31 77 86 0.56 42 2.46
mean 0.54 4.0
0.31 65 93 0.58 3.0 2.01
0.19 54 71 0.58 32 2.59
03 0.57 53 76 0.65 2.6 1.71
mean 0.60 2.9
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Fig. 7 Crack opening behavior under w1de band
random loading.
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Fig. 8 Crack opening stress intensity factors and
crack opening ratios under random loading.
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Table 2 Effective stress intensity factor range and crack length
corresponding to the minimum crack opening ratio.

Test conditions (AK™

max et a

R 3, | 1oad (A0 Jnaf(0 e Umin| t Umin [at U'min)
(AKPpmm)| type | (MPa) | (MPa) (MPa m'?)| (mm)
0.23 | n500 215 107 1035 6.6 222
0.23 {n1000 215 107 ]0.35 6.7 2.26
-1 0.27 | w500 215 107 1035 6.4 2.10
0.24 |w1000] 218 109 |0.35 6.5 2.07
mean |0.35 6.6
0.58| n500 161 107 [0.44 6.7 244
0.48 |n1000 184 122 [043 6.6 2.02
-0.5 ]0.34Fw500 161 107 | 043 6.4 233
0.34 {w1000| 161 107 |0.44 63 229
mean | 0.44 6.5
0.34 | n500 107 107 |0.56 6.4 271
0.34 {n1000 107 107 }0.57 6.6 275
0 0.34 | w500 107 107 [0.57 6.5 271
0.34iw1000] 107 107 10.57 6.0 2.50
mean | 0.57 6.4

0.29 | n500 97 107 10.59 56 2.49
0.34 [n1000 97 107 {0.60 54 2.40
0.1 0.29 | w500 97 107 10.39 53 238
0.34|w1000] 97 107 {059 56 2.50
mean | 0.59 55
0.34{ n500 86 123 |0.64 43 '] 186
0.34[n1000 86 123 [0.63 42 1.86
03 0.34 | w500 86 123 {0.64 43 1.86

0.34 {w1000] 86 123 ]0.65 44 1.93
mean |0.64 4.3
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