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Behavior of Fatigue Crack Initiation and Propagation under Cyclic
Tensile or Torsional Loading with Superimposed Static Biaxial Load
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Abstract

Fatigue crack initiation and propagation behavior under cyclic biaxial loading has been investigated
using thin-walled tubular specimen with a hole. Two types of biaxial loading system, i.e. cyclic tensile
loading with superimposed static torsional load and cyclic torsional loading with superimposed static
tensile load, with various values of the biaxial loading ratio, rs/omax (or r max/gs) were employed.
Fatigue tests show that fatigue crack near the hole initiates and propagates at 90° and 45° direction to
the longitudinal direction of the specimen under cyclic tensile and torsion loading with static biaxial
stress, respectively, and the static biaxial stress doesn't have any great influence on fatigue crack
initiation and growth direction. Stress analysis near the hole of the specimen shows that the crack
around the hole initiates along the plane of maximum tangential stress range. Fatigue crack growth
rates were evaluated as functions of equivalent stress intensity factor range, strain energy density factor
range and crack tip opening displacement vector, respectively. It is shown that the biaxial mode fatigue
crack growth rates can be relatively consistently predicted with these cyclic parameters.
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Table 1 Chemical composition of 304 Stainless
Steel (weght percentage)

C Si Mn P S Cr Ni
0.03  0.65 1.1 0.023 <0.03 18.16 8.67

Table 2 Mechanical Properties of 304 Stainless Steel

E(GPa) o (MPa) o W(MPa) R.A(%)

196 2753 727.2 69
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Fig. 1 Dimension and shape of thin-walled
tubular specimen with a center hole
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