Planning and Evaluation of Fatigue - Tests
a Survey of Recent Results

by W. Maennig

Today the existence of great scattering in the results of
fatigue-tests can be taken for granted /1/. Small scatter-
ing is the exception. Expensive tests with a great number
of specimens are indispensable. Lowering the costs neces-
sitates careful planning and evaluation of fatigue-tests.

Using the Wohlerdiagram, the results may be divided into
two groups, figs.1 and 2 /1/. In fig.1, which applies to
structural steel and, possibly,some light metals, the full
lines give the range within which almost all specimens will
break. Today the diagram is divided into the ranges of
finite endurance (RFE), transition (RT) and infinite en-
durance (RIE). In RFE all specimens will break before the
greatest experimental number of cycles NG is reached. In
AT some will break, some not. In RIE none will break.
Often RT is termed the range of infinite life,
and values won there are taken for fatigue strength data.
This is wrong! If the existence of scattering is assumed
in principle, the separation of RT and RIE is imperative.
The fatigue limit is given by the line between
RT and RIE. For its correct determination NG=5-1O6
ficient for steel, as shown in /2/ and numerous other pub-
lications.

is suf-

The scatter of most fcc-metals is smaller, and the full
lines approach the logN-axis asymptotically, fig.2. By de-
finition there exists only one range of finite endurance.
This conception, though correct, is too severe because, at
least, a substitute value for the fatigue limit is needed

in practice. The experiments are stopped at N a vertical

4
line there divides the diagram again into "RFg", "RT" and
'RIE" which are now substitutions. This way it is possible
to determine substitute values of fatigue data,the quality
of which deperds on NG’ usually chosen between 2~1O6 and

108 /1.
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the Gaussian cumulative paper vs. alternating load or
cycles to fracture, are calculated from "r" by using the
formula p=100+(3r-1)/(3n+1) [%], according to /3,7/.

There exist two methods which were derived from the Gaussi-
an distribution, the staircase method and the "boundary
technique". The first is used all over the world but not
recommendable nevertheless /8/. With acceptable numbers of
specimens it allows the determination of 50% values only.
The reason is that it experimentally concentrates the spe-
cimens on the median.
By means of the boundary technique, however, all specimens
are concentrated at two levels of load near the borders of
the transition range. The method offers ways to find

those two levels /3/. The boundary technique is supposed

to allow a very reliable determination of RT and requires,
at present, a minimum of planning, evaluation and specimens.

A further way for the evaluation of RT is given

by the methods of cumulative fatigue damage, which are

much disputed. This dispute seems to be superfluous because
these methods involve additional scattering as it is not
possible to increase loads with absolute accuracy and as
the machine will be stressed in various ranges of rigidity
and resonance with every specimen. This has been confirmed
by the surprisingly large scattering of Miner-values /12/
and the statement that 6 to 8 specimens are necessary to
determine the median and 25 specimens to determine the ex-
tension of RT with only a small degree of reliability /5/.
For better reliability the number of specimens has to be
raised. Thus even the advantage of small numbers of cycles
to fracture for every specimen vanishes in cumulative
fatigue damage.
The German standard DIN 50100 gives the possibility to
find a value in RT but without any idea of its probability
of fracture. The reliability is equal to that of the stair-
case method if in each case only 6 or 10 specimens are used.

The finite endurance range cannot be covered at all by
means of the German standard DIN 50100. It is better to
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