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Effect of Mean Stress on Torsional Fatigue
Behavior of a Medium Carbon Steel

by

Xu Crene *, Isao Onkawa ** and Masaaki Misumt ***

Load-controlled fatigue tests were conducted on smooth tubular specimens of an annealed medium carbon steel
under fully-reversed torsion with superimposed static torque or tension. Effect of mean stress on initiation and
growth of short crack was studied in the intermediate life regime. Microcracks initiated around the maximum shear
stress amplitude planes rather than the planes of maximum shear stress, irrespective of mean stress conditions. The
dominant crack grew accompanying coalescence of the shear cracks initiated in the early stage of life and the pref-
erential growth direction was different depending on the type of mean stress. The increase of the crack growth rate
and the reduction of the fatigue life with application of mean stress were slight in the present material. The relatively
smaller mean stress effect appeared to be resulted from the decrease of the plastic shear strain amplitude with static
loading. Therefore, two-stage short crack growth model proposed by Hobson and Brown was modified incorporating
the effects of mean stress acting on the crack planes and the hardening/softening of material. The model showed a
satisfactory estimation of fatigue lives in torsion under various mean stress conditions.
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Table 1. Chemical composition and mechanical properties.
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Chemical C Si Mn P Cu Ni Cr
composition  0.45 0.18 0.67 0.027 0.012 0.06 0.05 0.12
Mechanical Yield stress in tension 371 MPa
properties Tensile strength 591 MPa
Elongation 30.5%
Contraction of area 50.1 %
Yield stress in torsion 243 MPa
Torsional strength 663 MPa
Micro- Vickers hardness 184 HV
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Fig. 1. Configuration of specimen.
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Fig. 2. Cyclic stress-strain curves.
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Fig. 3. Cumulation of cyclic ratcheting strain.
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Fig. 4. Distribution of microcracks at 3, 25 and 90% of the lifetime (z, = 180MPa, observed area = 0.32 ~ 1.23mm?).
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Fig. 6. Surface crack profile. (a) 7, = 175MPa, fully-reversed, (b) 1, = 175MPa, T,, = 55MPa, (c) T, = 180MPa,

Om = 176MPa.
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Fig. 7. Cycle fraction and shear crack length at branching.
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Fig. 8. Crack growth rate vs. crack length at 7, = 180MPa.
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Fig. 12. Effect of mean stress on S-N relation.
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Fig. 13. Comparison between actual and calculated life
for various stress conditions.
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