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Relation between Scatter of Fatigue Life and S-N Curve of
2024-T4 Aircraft Structural Aluminium Alloy Specimens with

a Circular Hole at Constant Temperature and Humidity

By Toshiyuki SHIMOKAWA and Yasumasa HAMAGUCHI

ABSTRACT

When a new factor serving as an error in applied stress is added to an identical condition
under which an S-N curve has been obtained, it causes a deviation from the fatigue life estimated
from the S-N curve, and the amount of the deviation is related to the slope of the S-N curve.
In the present paper, the accumulated effect of all factors causing the fatigue life scatter is regard-
ed as an error in applied stress. The equivalent stress is defined as the sum of the applied stress and
the error in applied stress. This concept is applied to the results of a series of fatigue tests on 2024-
T4 aircraft structural aluminium alloy specimens with a circular hole at constant temperature and
humidity. The interrelation between the scatter of the equivalent stress, the S-N curve, where N
is the median fatigue life, and the scattering of fatigue life is discussed. The results obtained are
compared with those in the case of specimens with a sharp notch (K{=8.25) in a previous paper.

The main results of this study are: (1) The fatigue crack initiation period of the specimen
with a circular hole is about 2% of fatigue life at the applied stress 26 kg/mm?. When an applied
stress is lowered, it becomes longer. It is about 76% of fatigue life at the applied stress
12.5 kg/mm?. (2) In the stress range where the shape and slope of the S-N curve are almost identi-
cal, the distribution shape and scatter of fatigue life obtained from the experiment are almost
equal regardless of stress level and notch configulation. The gentler the slope of the S-N curve, the
larger the scatter of fatigue life becomes. (3) The equivalent stress is distributed almost in a normal
distribution, and its standard deviation is nearly constant (0.270 to 0.377 kg/mm?) regardless of
stress level and the ratio of crack initiation period to fatigue life. This result agrees well with that
in the case of the specimens with a sharp notch (K4=8.25). (4) The proposed equivalent stress distri-
bution model, which has the normal distribution shape and a constant standard deviation regardless
of stress level, gives a good explanation of the experimental fatigue life distributions within the
interpolate region of the S-N curve drawn from the experimental results. (5) The distribution of
fatigue life is dominated by the S-N curve. That is, the scatter of fatigue life is influenced signifi-
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cantly by the slope of the S-N curve around an applied stress. The distribution shape of fatigue
life is derived from the S-N curve’s equation and the normal distribution of the equivalent stress.
Therefore, in the stress range where the S-N curve on a semi-logarithmic scale is nearly straight,
the fatigue life is distributed in a Log-normal distribution.
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