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A life prediction method for size effects on notched fatigue
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Abstract: By use of the normalized stress distribution at the notch root of a specimen,
and based on a notched fatigue life prediction method with consideration of the effects of
stress gradient, a life prediction method for fatigue of notched specimen was constructed by
taking mean stress, stress gradient and size effect into account with focus on the influence of
size effect on the fatigue life of notched specimen. The developed method was verified by use
of fatigue test data of TC4 alloy notched specimen, and the prediction results were compara-
tively analyzed with those of several commonly-used local stress-strain approaches, indica-
ting that those local stress-strain approaches over-conservatively predicted the fatigue life of
notched specimen. The developed method can predict the result more precisely with almost
all the prediction results within the scatter band of 3 and more than three quarters of the re-

sults within the scatter band of 2.

Key words: notched fatigue; mean stress; stress gradient; size effect;
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Table 2 Fatigue tests data of TC4 alloy smooth specimen

at room temperaturel?

R Ne./2 2N¢. /cycle Omax/ MPa
0.04284 95 1092
0. 03887 113 1064
0.03288 143 1037
0.02286 294 1005
0.01295 765 1022
0.01078 1443 957
0.00868 2720 932
! 0.006879" 10000 740
0.005883" 20000 640
0.0058 29482 666
0.004 312" 100000 470
0.003899" 200000 425
0.003257" 1000000 355
0.003211" 2000000 350
0.003901" 10000 945
0.003489" 20000 845
0.1 0.002766" 100000 670
0.002560" 200000 620
0.002271" 1000000 550
0.001984" 100000 865
0.5 0.001858" 200000 810
0.001686" 1000000 735
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Table 3 Parameters of Walker life equation

Nf( (20)

o1/ MPa b ef ¢ Y

1603. 94 —0.109 0.38186 —0.607 0.4893
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Fig. 4 Walker’s modified life prediction curve for
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Table 4 Notched fatigue tests data of TC4 alloy specimen
for K, =3[

N/ S/ Gunax/

10° cycle MPa MPa he/2 K
5 395 970.7  0.01327
10 330 905.6  0.00993
—1 —1.0
50 220 659.3  0.006065
100 190 569.7  0.00523
5 580 1064.6 0.00727 —0.454
10 480 1022.8  0.00595 —O0.266
St 315 884.2 0.003905 0.038
100 280 819.0 0.003465 0.077
5 840 1135.3 0.005785 —0.109
10 690 1098.9  0.00475  0.058
R 475 1020.3  0.00327 0. 302
100 420 988.6  0.00289 0. 363
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Table 5 Notched fatigue tests data of TC4 alloy specimen
for K, =5"

N / Shax / Omax /

10%cycle  MPa MPa he /2 K
5 300 1032.4 0.019995
10 250 986.3 0.014535
—1 50 150 744.5  0.00693 —1.0
100 120 599.4  0.005505
500 80 400.0 0.003670
5 410 1097.1  0.00895 —0.590
10 360 1071.5  0.00756 —0. 486
0.1 50 245 980.6  0.00506 —0.124
100 205 920. 2 0.00423 —0.003
500 135 673.7 0.002785 0.098
10 550 1150. 9 0.006325 —0.192
50 345 1062.8 0.003955 0. 188
o 100 290 1024.5 0.003325 0.292
500 200 910.0 0.002295 0. 451
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Table 6 Life prediction results for notched fatigue of TC4 alloy
K, R Ne, /2 N /10°cycle  Nou/cycle N /cycle N.w/cycle N./cycle
0.01327 5 439 264 439 2156
0.00993 10 1101 579 1101 5724
! 0. 006065 50 8923 5031 8923 50139
0.00523 100 20469 13250 20469 112442
0.00727 5 2095 824 837 6825
0. 00595 10 3773 1511 1158 11396
’ - 0. 003905 50 20526 8046 4840 50511
0. 003465 100 43997 15719 10171 93331
0. 005785 5 3118 1240 725 8544
0.00475 10 5489 2293 1099 14711
> 0.00327 50 21931 9014 4412 52444
0.00289 100 40512 15347 8176 85469
0.019995 5 147 105 147 1478
0.014535 10 338 212 338 3362
—1 0.00693 50 4632 2369 4632 46357
0. 005505 100 15159 9353 15159 140000
0. 003670 500 240973 205660 240973 1468528
0.00895 5 1137 474 546.5 8270
) 0.00756 10 1870 739 782 13228
’ 0.1 0.00506 50 6456 2646 1682 37703
0.00423 100 13577 5473 3264 68770
0. 002785 500 290965 75056 57479 574487
0. 006 325 10 2465 957 636 15436
0. 003955 50 10142 4315 1987 53566
> 0. 003325 100 20379 8412 4110 93312
0. 002295 500 187626 49169 31084 387842
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