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Goodman (Haigh) and Other Related Diagrams
There's a Goodman
method, but is there a
Betterman method? – A
discussion of alternative
methods of predicting
fatigue life from R=-1
data.
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(This issue of Technical Tidbits continues the materials science refresher series on basic concepts of
material properties.) Last month’s edition of Technical Tidbits introduced the concepts of mean stress and
alternating stress, as well the Goodman (Haigh) diagram.
The modified Goodman diagram (shown below in Figure 1) accounts for yielding as a failure mode. For
this particular example, suppose we have a material that has a fully reversed bending fatigue strength of 60
ksi at the desired number of cycles. The ultimate tensile strength is 120 ksi, and the yield strength in
tension is 100 ksi. The true stress at fracture is 150 ksi. (Note that these numbers were chosen for
illustrative purposes, to make the math easy.) With alternating stress on the y axis and mean stress on the x
axis, we draw a straight line from the positive fatigue strength to the coordinate equivalent to the tensile
strength on both axes, and back down to the inverse of the fatigue strength on the y axis.
For a given mean stress, we can then find a maximum allowable alternating stress range as the
corresponding distance between the orange lines. We can further limit the allowable stress envelope by
setting the yield strength as the upper limit on both axes, as shown in the figure. Theoretically, if the
maximum and minimum stress values fall within the orange diagram at the mean stress level, the design
should last for the required number of cycles. (For a different number of cycles, the end points on the left
would move closer together for higher number of cycles and further apart for a lower number of cycles.)
Of course, this analysis is subject to the same caveats as discussed in the previous edition of Technical
Tidbits. There are also other means of connecting the dots, so to speak, which we will now discuss.
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The next issue of
Technical Tidbits will
finish the discussion
on stress-life methods
for fatigue analysis.
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Figure 1. Modified Goodman Diagram, Accounting for Yielding as a Failure Mode.
This interpretation allows you to predict the maximum allowable alternating stress for a given
mean stress. In this example, at a mean stress of 75 ksi, the peak permissible alternating stress is
45 ksi, or a peak maximum stress of 92.5 ksi and a peak minimum stress of 52.5 ksi. If the
maximum and minimum stress levels fall within the orange envelope, the design is predicted to
be safe for the number of cycles represented by the fatigue strength.
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Goodman and Other Related Diagrams (continued)
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Figure 2. Comparison of Methods for Estimating Allowable Mean and Alternating Stresses.
Combinations of mean and alternating stresses under the lines would be expected to survive the
required number of cycles, while those points above the lines would be expected to fail early.
The methods listed above all try to empirically model fatigue performance by coming up with a
relationship between mean stress, alternating stress, the fatigue strength at a particular number of cycles,
and another material property such as yield strength, tensile strength, and true fracture strength. The
exception is the Smith Watson Topper method, which only uses fatigue strength, mean stress, and
alternating stress, which is why it does not intersect the x axis. The Walker method is not shown above,
because it requires curve fitting of fatigue data based on testing at multiple R ratios, and so appears
different for every material. The shape of the curve generated would be similar to the Smith Watson
Topper method. The equations used for each of the methods are listed below:
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Health and Safety
Handling copper beryllium in
solid form poses no special
health risk. Like many
industrial materials, berylliumcontaining materials may pose a
health risk if recommended safe
handling practices are not
followed. Inhalation of airborne
beryllium may cause a serious
lung disorder in susceptible
individuals. The Occupational
Safety and Health
Administration (OSHA) has set
mandatory limits on
occupational respiratory
exposures. Read and follow the
guidance in the Material Safety
Data Sheet (MSDS) before
working with this material. For
additional information on safe
handling practices or technical
data on copper beryllium,
contact Materion Brush
Performance Alloys or your
local representative.

