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Abstract: The traditional stress severity factor (SSF) approach is almost unable to obtain the SSF value under
complex geometry and loading boundaries, The maximum stress at the edge of a hole can be obtained easily by
3D FEM, but the process is time-consuming if the quality and filling status of the pin-loaded holes are included
in the FE model; moreover, the maximum stress obtained by FEM cannot be readily used to predict the fatigue
life of a plate. Therefore an equivalent SSF approach is proposed in this article to predict the fatigue life of a
plate with loading-born holes under complex geometry and loading boundaries. The equivalent SSF value is de-
duced by the superposition of two uniaxial stress fields in the region of the hole, and the effects of complex ge-
ometry and loading boundaries are considered at the same time. The fatigue life of a multi-fastener plate of an
aircraft tank is analyzed and verification test is made as an example. The results show that the fatigue life esti-

mation is in good agreement with the experimental results.
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Fig. 1 Stress field of the fastener under biaxial loading
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Fig. 2 Equilibrium forces in the region of the hole of
the FE model
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Fig. 3 Superposition of two uniaxial stress fields in

the region of the hole
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Fig. 4 Numerical verification of typical and complex

boundaries in the region of the pin-loaded hole
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Fig. 5 Docking site of integral tank
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Fig. 6 FE model of docking site of integral tank
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Table 1 SSF values of dangerous holes of the skin

O 1F4TAL 2F4THL 3F4THL 4F4THL 5F4THL
Pe/N  16.510 17.480 16.851 16.721  16.200
Pu/N 6.523  42.878  62.590  46.997  6.565

w/mm 25.000  27.000  32.000  29.002  25.000
t/mm 3. 600 3. 600 3. 600 3. 600 3. 600
D/mm 4. 826 4. 826 4. 826 4. 826 4. 826
a 1. 000 1. 000 1. 000 1. 000 1. 000

B 0. 750 0. 750 0. 750 0. 750 0. 750

[/ 1. 692 1.692 1. 692 1.692 1. 692
K 2.531 2.559 2.616 2.583 2.531
Ky 1. 251 1. 222 1.171 1.199 1. 251
SSF 6. 980 4. 540 4. 381 4.547 6. 946
orei/MPa 0. 317 0. 756 0.812 0.732 0. 313
SSF « ot 2.214 3.432 3. 557 3. 329 2.177
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Table 2 Comparison of fatigue life at 1st rib
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