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Fatigue Criterion for Notched and Unnotched Specimens
under Combined Stress State

by

Tomokazu MATAKE and Yasufumi IMAI
(Faculty of Engineering, Nagasaki University, Nagasaki)

In the previous works, the criterion for the fatigue strength of unnotched specimens under
combined stress was proposed and treated separately from that of notched specimens, but it has been
found that the former criterion is a special case of the latter. It has been also found that as long
as the torsional fatigue strength is determined carefully, the same criterion can be applied to the
results of both fracture and nonfracture tests, although the criterion was originally proposed for the
case where the fatigue strength is defined to be the stress below which no 0.1mm slip-band cracks
initiate. Slip-band cracks were found fractographically to correspond to the so~called stage I cracks.
From several experimental results appeared in the literature, the criterion has been confirmed to
be also applicable generally to the rolled steel products in spite of the fact that rolled metals possess
inevitably the anisotropy due to rolling. Finally, it was concluded that the proposed criterion alone
can be used successfully to estimate the fatigue strength under the combined stress state of bending
and torsion, within experimental errors, for both ductile and brittle materials instead of using diffe-
rent empirical formulae which had been adopted previously.

(Received Mar. 14, 1980)
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Microphotograph of 7:3 brass.
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Fig. 2.

Dimension of specimen.
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Table I. Fatigue strength of 7 : 3 brass
(kg/mm?2).
Stress g°
state %o 70 Tmax on
Torsion 0 4.50 0 4.50 0
i0 4.43 1.56 4.50 0.78
Combined 22.5 3.70 3.06 4.00 1.53
41 3.02 5.24 4.00 2.62
Bending 90 0 7.20 3.60 3.60

*1 69.2% Cu, 30.8% Zn; 052=10.3 kg/mm?, 0'5=32.7 kg/mm?2,
0=63.9%, ¢=82.7%; FHIERHFE 48
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Fig. 3. Zmax-opn diagram for 7:3 brass.
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Fig. 5. Slip-band cracks and fracture surfaces of 7:3 brass.
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Fig. 6, Microphotograph of S15C.
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Table II. Fatigue strength of S15C (kg/mm?2).
Stress 9°
state L % Tmax o
Torsion 0 11.7 0 11.7 0
22.5 9.5 7.9 10.3 3.9
Combined
41 7.5 13.0 9.9 6.5
Bending 90 ! 0 17.0 8.5 8.5
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