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Table 1 Results of uniaxial tests
D
Stress Mean
Tests s N N c G G pnm
Amplitude | Stress f 0 max 0, a .
No. (MPa) (MPa) (cycles) | (cycles) x10 X 10 X 10% cycle
X 10°
55 464 — 120 879000 300000 3.06 0.0165 1.66 0.094 15.6
56 490 — 120 298000 65000 8.37 0.289 1.33 0.201 30
59 500 - 120 216000 20000 9.83 6.315 1.42 0.321 54.24
50 500 ~ 200 112000 10000 18.4 3.485 1.355 0.367 —
52 460 0 1150000 200000 0.82 0.001 1.57 0.0865 10.5
53 456 0 1060000 300000 0.95 —_
ah 510 0 190000 15000 8.66 -
32 520 0 202000 30000 14.1 0.244 1.445 0.342 35
33 490 0 223000 25000 5.01 —
42 550 0 288000 5000 88.9 13.95 1.00 1.356 101
4] 600 0 3345 300 447 37.65 1.256 16.28 203
44 600 1] 3571 750 1710 —
45 650 0 600 50 3420 52.7 1.38 22.7 17.8
51 464 100 391000 15000 6.0 0.0447 1.537 0.111 23
38 405 232 142000 19780 11.4 0.410 1.298 0.344 39.3
40 405 228 204000 10000 14.5 0.399 1.35¢ 0.322 45.1
34 378 400 203000 48000 13.1 14.4
35 369 407 303000 170000 7.53 0.256 1.432 0.308 —
36 360 400 202000 10000 6.3 24.9
37 355 400 632000 10000 5.45 —
57 315 471 923000 380000 1.92 0.0598 1.581 0.206 34
58 310 504 373000 100000 4.96 0.1915 1.44 0.2618 43.6
60 295 504 842000 330000 0.79 0.056 1.39 0.057 —
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Fig. 1 Tensile Crack Growth Data; different
symbols indicate different cracks.
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Fig. 2 Schematic Drawing of the Plasticity
Localization Phase and Crack Growth.
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Fig. 3 Plasticity Localization Phase.

(a) N, versus alternating stress level; R = —1; (b) Function
f1(0 ) versus mean stress level.
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Fig. 4 3urface Crack Growth Rate versus Crack Length; different
symbols indicate difterent cracks.
(a) 0, == 460MPa, 0, = 0MP2, R= —1; (b) ¢, =510MPa, 0, = OMPa, R = —13
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Fig. 5 Microstructurally Short Crack Growth Phase,

(8) Value of C versus alternating stress (R = —1);
(b) Function f,(0,) versus mean stress level.
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Fig. 6 Physically Short Crack Growth Phase.

(a) Value of G versus alternating stress (R= —1);
(b) Function f;(0,) versus mean stress level.
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Table 2 Comparison between actual and predicted fatigue lifetimes
. Stress Mean Calculated Calculated Predicted Actual
Specimen Amplitude Stress N, Liie Life* Life
No. (MPa) (MPa) (cycles) (cycles) (cycles) (cycles)
55 464 — 120 138945 993475 878311 879000
56 499 — 120 39650 290497 267677 298000
59 500 — 120 24914 187175 174577 216000
50 500 —200 24914 187175 174790 112000
52 460 0 169561 1219767 1070006 1150000
53 456 0 207283 1505880 13108490 1069000
31 510 0 15799 122340 115275 190000
32 520 0 10108 81037 77080 202000
33 490 0 395850 292079 267677 223000
47 550 0 2782 25150 24347 28800
41 600 0 376 4252 4183 3345
44 600 0 376 4252 4183 3571
45 650 0 60 852 844 600
S 464 100 19936 132456 878311 391000
38 405 232 35080 190175 261182 142000
40 405 228 37913 205423 211006 204000
34 378 400 6571 33736 33466 203000
35 369 407 11437 49127 48072 303000
36 360 400 22942 94533 93586 202000
37 355 400 27841 127367 126062 - 632000
57 315 471 109680 428310 428511 923000
58 310 504 83502 320671 320361 373000
60 295 504 261283 946023 969643 847000

E: MMAFG*RTDRNHHENNRNER.

Note: Predicted life* represents the predicted. lifetime when D is assumed to be constant.
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SHORT FATIGUE CRACK GROWTH UNDER MEAN STRESS,
UNIAXIAL LOADING

C. H. Wang and K. J. Miller
(SIRIUS, The University of Sheffield, Mappin Sirces, Skeffield, S1 3JD U. K.)

Abstract  An investigation of the effects of mean and alternating stresses on short fa-
tigue crack growth under uniaxial loading is reported. Tests under stresscontrolled conditions
with different combinations of mean and alternating stresses were conducted at room temperature
using a 1.99% NiCrMo steel. The fatigue process was divided into three phases: Plasticity Lo-
calization, Microstructural Short Crack (MSC) growth, and Physically Short Crack (PSC)
growth. The effect of mean stress on the above three phases is studied and a set of equations is
obtained which can predict the early stage and growth behaviour of short cracks under various
mean and alternating stresses. Satisfactory predictions of fatigue endurance curves at different
mean stresses have been achieved. This approach provides an alternative method, based on the
physics of the fatigue process, for use by designers who currently rely on conventional Good-
man-type diagrams.

Key words  short fatigue craek growth, mean stress, plasticity localization, fatigue
life prediction
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