
STRUCTURAL FAILURES OF AIR-
craft components are
always severe and often
costly both in material and
life. The most common
component failure is a
structural failure due to
fatigue. For a component
to fail under fatigue, two
elements must be present.
The first is the range of the applied
cyclic stresses (the maximum
minus the minimum stress value in
any cycle). The second is the num-
ber of lifetime cycles the compo-
nent is exposed to.

As homebuilders, we can do lit-
tle to reduce life cycles of a compo-
nent. We can, however, affect the
“stress range” component of this
dangerous duo by addressing stress
concentration reduction strategies
to reduce the magnitude of the
stress range.

A stress riser is any discontinuity
or change of section, such as holes,
notches, bends, grooves, or any
defects such as scratches or weld
arc strikes. These risers can cause a
localized stress or a concentration

of stresses that is greater than the
average or the nominal stress
imposed through component load-
ing.

In Figure A, we see a photoelas-
tic model under tensile load.
Notice the crowding together of
the fringe lines at the radii fillets
where a high stress concentration
is obvious. The tighter the radius,
the greater the stress concentra-
tion.

Figure B  shows a graphical
depiction of a tensile-loaded speci-
men. On the left, the internal stress
lines are shown as smooth parallel
lines. This stress distribution is
shown graphically on the right by
the dotted horizontal line about
halfway up the ordinate. Now

when we drill a hole in the
specimen as shown in the
right-hand model, the
stress lines obviously can-
not carry through the hole,
so they must crowd up on
each side of the hole.
Graphically, the stress dis-
tribution is shown by the
increasing upward sloping

line to a peak left of the hole, fol-
lowed by the downward sloping
line away from the peak on the
right-hand side of the hole. Notice
that the peak stress values are sub-
stantially higher than the sample
without the hole. Notice also that
the stress concentration distribu-
tion range starts below the nomi-
nal (without the hole) and reaches
a value three times its initial value. 

Most homebuilt aircraft building
instructions place heavy emphasis
on the importance of de-burring
edges and the proper rounding and
radiusing of corners. We know that
on brittle components, such as
Plexiglas canopies, if edges aren’t
sanded smooth and extra care
taken when drilling holes, any sur-
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face defect can and will quickly
result in cracks and damage. One
doesn’t usually associate such con-
cerns with aluminum or steel com-
ponents; however, all metals
become brittle under cold tempera-
tures—conditions we experience in
higher altitude flights in colder
seasons. It only takes a small tem-
perature decrease to change a duc-
tile metal into a brittle one.

Component design can greatly
influence stress concentrations. In
Figure C, we have two different
thicknesses of steel joined by a full-
penetration, double-groove weld.
Chamfering the thicker section to
that of the thinner section in front
of the weld reduces the stress con-
centration factor significantly.
(Note the recommended chamfer-
ing slope of 2.5-to-1.) Visualizing
the flow of stresses through a com-
ponent will help the concept
become clear.

Any abrupt change in section is
considered poor design, since it
introduces stress concentrations.
In Figure D, a fitting is designed to
transfer loads from a surface to
which it is bolted with four fasten-
ers to an end flange under tensile
loading. Where this fitting (shown
on the left) is bolted to the plate
surface, an abrupt change of sec-
tion is encountered. To understand
this concept, consider equal load-
ing between all four bolts.
Consider the first bolt as introduc-
ing a finite number of stress lines.
At the second bolt these lines will
double, and so on. Although the
fitting section doesn’t change, the
stress lines introduced have the
same effect. By tapering the fitting
(shown on the right), the transi-
tional sectional change effect is sig-

nificantly reduced, and correspon-
ding stress concentrations are low-
ered, notwithstanding a significant
resultant reduction in weight.

Have you ever wondered why
AN bolts have rolled, rather than
cut, threads? Rolled threads have a
smoother radius at their minor
diameter than cut threads. The
actual fatigue reduction factor in
rolled threads over cut threads is
about 28 percent. 

Now get back out to your project
and sand the edges and the light-
ening holes. Round the corners of
your fittings and components. Be
aware of stress risers and look for

notches, scratches, and defects.
Your extra efforts will enhance
both the safety and the appearance
of your airplane.                          
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