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and obtain stresses from the stress-strain curve. The extra effort
may not be worthwhile.

More importantly, the remaining self stress may have to be
estimated at several depths below the surface of the notch. The
alternating stress at the notch root may be large enough to wipe out
any compressive self stress. At some depth below the notch root the
alternating load stress will be far less concentrated and the initial
self stress may be as great or greater than at the surface. Cracks
will then be stopped at the depth where the sum of the self stress
and load stress brings the stress intensity factor range below the
threshold or brings the alternating tensile stress below its critical
value, as shown in detail by Gerber [14].

Stress Distribution

The importance of the distribution of load stresses and· of self
stresses in a region below the surface of parts is very great. For the
load stresses near a notch of radius R the stress gradient is given ap­
proximately by

da/dx = 2.5 amax/R

(more detailed data are quoted in Ref 4 and in Ref 18. They show a
maximum of compression at about 30% of the total depth of the
compressive self stresses.)

Figure 4 shows a detailed study of the interaction of load stresses
and self stresses from data by Starker et al [19] for shot-peened steel
specimens 2.3 mm (0.09 in.) thick. Cracks started at the surface;
they propagated to failure unless compressive stresses below the
surface remained greater than the load stresses. Other cracks
started below the surface, at a depth where there was very little or
no compressive self stress; at subsurface stress values slightly higher
than the unpeened fatigue limit. The fatigue limit of the peened
specimens, calculated from the load, is equal to surface stresses
which correspond to these subsurface stresses. It was 1.5 times the
unpeened fatigue limit, or half the yield strength, as expected from
Figs. 1 and 2.

In a later paper [20] Starker et al have shown that the increase of
fatigue strength obtained by peening smooth bending specimens
decreases rapidly as the size of the specimens increases. They ex­
plained this by the decrease of the stress gradient with increasing
size of bending specimens. Polished push-pull specimens would
show very little improvement by peening.

These data show that compressive self stresses improve the
fatigue strength by arresting cracks below the surface, not by
preventing their appearance at the surface. The depth at which
cracks can be arrested determines the depth of the region for which
self~tress should be added to the stress produced by the mean load
in determining S m for use with the alternating· tensile stress ap­
proach or with the SWT approach. One half the total depth of com­
pressive self stress seems to be a reasonable estimate. Calculations
which include the depth and distribution of self stresses are re­
quired only when one wants to optimize the treatment that pro­
duces the self stresses for a given application [21].

Conclusion

A review of four proposed methods of quantifying the effect of
self stresses on long life fatigue leads to the following conclusions.

The method derived from the Smith-Watson-Topper parameter,
in the form

where

Sf = the fully reversed smooth specimen fatigue strength,
Sa = the nominal alternating load stress amplitude,

Smax = the maximum stress including self stress at a small
depth, and

K b = the notch factor at long life and fully reversed stresses

seems simple and reasonably suitable for estimating stresses for a
given long fatigue life.

Other methods that distinguish between resistance to crack in­
itiation and resistance to crack propagation are available; they
show the reasons for validity of Smax X Sa within the limits of scat­
ter and ignorance.

All acceptable methods show that compressive residual stresses
are much more influential on notched parts and on crack-prone
parts than on smooth specimens.

Approximate estimates of long life fatigue strength of notched
parts exposed to constant amplitude loading are easy if one
assumes "sufficient depth" of the self stresses. Detailed estimates
of the depth of self stress which is sufficient for long life resistance
to a given load sequence require knowledge of the distribution in
depth of both self stresses and load stresses.

Self stresses have a minor effect on the resistance to the develop­
ment of microscopic cracks. They have a very strong effect on the
resistance to the propagation of small cracks and may arrest the
growth of cracks.
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