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Fatigue Strength Design Improvement by Applying Williams’ Stress Solution
and Combining FE Surface Stress to Describe a Hot-Spot Stress Field

by
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Masaru HIRAKATA and Yoshiteru TANAKA

Abstract

In these days, a common structural code including fatigue strength design has been proposed by
international ship society, IACS, and put to practical use in structural design field. And recently
designer job has surprisingly changed and advanced by remarkable development of computing
abilities such as FEM stress analysis and network environments etc.

However as to fatigue calculation procedures using FEM stress output in direct calculation
approach, it remains some critical problems, the author thinks, in sense of theoretical background
firmness and accuracy of estimation. Therefore, in order to make fatigue check procedure more
closely related to the theory of stresses and to make fatigue design more logical and reliable and
more better accuracy in life prediction, the author has proposed adaptation of simplified stress
field near a hot spot that brings certain fixed relation between surface stress and crack driving
stress. The stress field can be theoretically derived from Williams stress field solution and the
relevant constants in the stress distribution equation are determined numerically by nonlinear
regression analysis on FEM surface stresses output.

Finally as an application example, some of basic fatigue test specimen and model test results
were analyzed and compared with the observed data, and it has confirmed the effectiveness of the

proposed procedure in fatigue life prediction.
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Table 2.1 Fatigue estimation methods.
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Fig.2.1 Example of fatigue SN diagram.
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Fig.2.2 Hot spot stress definition 3,
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Fig.2.3 Boundary condition for a theoretical
stress field simulating hot-spot neighborhood.
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21 27.5 175.0 185.98 120.85 4828.97 || I amn
27 315 165.0 17817 173.38 fna0.17 || FE k
23 35.5 1610 171.95 119.81 7089.95 || & a0n
24 39.5 157 .5 166.88 87.91 7980.02 % '%.\.\
25 44.5 165.0 161.72 45.12 882833 || 3 L0,
26 49.5 153.0 157.52 20.43 9739.03 M
27 54.5 151 5 154.04 f.44 10438.71 ton
28 59.5 1505 151.10 0.36 11048.06
25 64.5 150.0 148.58 2.01 11583.20 .
| eseere soee | dnen ° 1o e ;o 40w 0 @ e s g
a2 79.5 148.6 142.82 33.43 12857.03 FOPARD FRBBEEL, 3 Il
53 24.5 148.2 141.32 47.28 13198.16
a4 29.5 147 .8 139.98 1.06 13507.33
a5 94.5 1474 138.78 74.28 13788.85
a6 99.5 147.0 137.69 26.68 14046.28
a7
38 Ave=|  266.207 == 5642.13 | B04096.85
35 R'2= 0.99288 ||= 1—sumil & =-F XN 20 suml{Ave—F (12}
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