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This dissertation is concerned with the fatigue life improvement of Aluminum-alloy and
0.45% Carbon steel related to local plastic deformation by inserting removing pin throughout the
center-holed specimen. Also, the fatigue life improvement of riveted specimen is investigated.

In the first study, the effect of local plastic deformation on the fatigue life in a holed
specimen was investigated. The local plastic deformation was applied around the hole by inserting
a pin into the hole, and the pin was removed before the testing. The material used was aluminum
alloy 2024-T3. The cold expansion of circular holes is known to improve resistance to fatigue.
After removing the pin, there was a circular hole or elliptical hole in the center of the flat section of
the specimen. The effect of the cold expansion of a circular hole on fatigue life by means of a
quasi-elliptical pin was investigated. Due to the application of local deformation, the fatigue life
of holed specimens became longer. In particular, in specimens where the hole shape was made
elliptical, the fatigue life was clearly improved. The results indicate that significant life
improvements can be obtained through cold expansion applied with a quasi-elliptical pin. The
optimum result was obtained when the pin diameter was 4% larger than the diameter of the
specimen hole. Additional evaluations were conducted, including determinations of the effects of
crack propagation from the hole. The major life extension was obtained through slower crack
growth in the short-crack stage. Fatigue life improvement of the cold-worked hole specimen was
explained by determining the hardness results around the cold-worked hole. Consequently, it is
concluded that the local plastic hardening and compression residual stress in the vicinity of the hole
are the cause of the strengthening of the holed specimen.

In the second study, the enhancement method of fatigue life and the crack initiation and
growth behavior of a holed specimen was investigated by using the 2024 Aluminum alloy and
0.45% Carbon steel. I propose a simple technical method for enhancement of fatigue life in a
“center-holed specimen. Also, the effect of local plastic deformation by cold work on fatigue crack
initiation behavior was examined. In this chapter I present a basic experimental kinematic cold
expansion method by inserting and removing a pin through the specimen hole. The shape of
cross-section of pin was a circle or an ellipse. It was shown that the fatigue life of the specimen
with the cold-worked hole was longer than that of the specimen with non-cold-worked hole for the
case of same stress level in aluminum alloy and carbon steel. Also, the improvement conditions of
fatigue life were significantly affected by shape of pin, local hardening and residual stress
conditions.

In the third study, the shapes of the countersunk and countersunk head rivet were improved
to longthen the fatigue life of a riveted plate which uses countersunk head rivets. Failure of riveted
plates in service occurred due to crack initiation from rivet holes. The stress concentration at a hole
edge is one of main causes of the shortening of crack initiation life of a riveted plate when cyclic
stress was applied. The corner of the root of the countersink was rounded, and stress concentration
at that point was reduced. Also, a brief examination of the effect of the rivet shape on the fatigue
life of a riveted specimen was carried out. The experimental results showed that the fatigue life of
the riveted plate was improved where the improved rivet was used. The crack intiation site
observed on the fracture surface of the holed spceimen in which the improved rivet hole was drilled
was diffent from that in which a normal rivet hole was drilled. From an analysis by the finite
element method, the value of stress concentration at the improved rivet hole is lower than that of a
normal rivet hole.
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