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PLASTIC FATIGUE OF STRUCTURAL MEMBERS UNDER
REPEATED LOADING—-SURVEY AND RECENT DEVELOPMENTS

By Satoshi Iwal and Taijiro NONAKA

Synopsis
Structural plastic failure due to intense repeated action of loads, as in a destructive earth-
quake, is discussed with the main attention focused on steel structures of bar members. A litera-
ture survey is presented principally on experimental aspects of low-cycle fatigue from the point of
view of overall structural-failure behavior. Cyclic bending of a constant deflection amplitude is
characterized by hysteresis loops, which may either be steady or deteriorating. The latter is
often associated with local deformation or instability, and leads to fatigue failure with a rate high-
er than in the former. The existence of a compressive axial force accelerates the deteriorating
behavior. A seeniingly common experimental observation is that the logarithm of the amplitude
has a linear relationship, with a negative factor, with the logarithm of the number of cycles at fai-
lure, the state of which is not conclusively defined to date. Various proposals have been made in
the literature for fatigue life and cumulative damage, but not with unanimity. This is an impor-
tant practical area which requires further investigation. More fundamentally, it seems necessary

to fully clarify the actual mechanism of fatigue failure.
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Photo.1. Failure of a two story steel-frame ware-

house: Sendai Un-yu Soko.

(Courtesy of Prof. M. Shibata, Setsunan

University)

Photo. 3. Damage in a three story steel-frame
store: Kyuei Furniture Center.

¢

Photo. 2. Failure of braces: Sendai Un-yu Soko.
(Courtesy of Prof. M. Shibata, Setsu-
nan University )

Photo. 4. Failure of diagonal braces at their midheight
connection: Kyuei Furniture Center.

Photo. 5. Steel-frame gymnasium: Chonan junior high Photo. 6. Failure of a diagonal brace at its lower con-

school.

nection: Chonan junior high school.
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Failure of a bolt |
due to shearing

Photo. 7. Failure of a diagonal brace at its lower con- Photo. 8. Damage in an end connection of a
nection {Close-up of Photo. 6). horizontal brace: Chonan junior high
school.

Photo. 9. Local deformation of a wide-flange brace. Photo. 10. Breakage of a wide-flange brace.

=

Photo. 11.  Local deformation of an angle brace. Photo. 12. Breakage of a double angle brace.
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Photo. 13. Breakage of a double angle brace.

Fig.1. Rupture of an angle due to devel-
oping local deformation.

Photo. 14. Rupture of an angle brace.
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Fig. 2. Rupture of an angle at a bolted joint.
(a) Breakage in tensile loading.
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(b) Breakage in compressive loading combined with bending.
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Photo. 15. Breakage of a tube brace.
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Cracking Fig. 4. Stationary and nonstationary hysteresis loops.
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Fig. 3. Rupture of a circular tube due to L, BROCHEBICEL, —F, BELREFIKEITH
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{b)
Fig.5. Modes of deterioration.

{a) Local buckling mode.
(b) Crack propagation and fracture mode.
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Coffin Bjix Fig. 6 {2773 X ) % log a & log FARLER * HOEHRELROBIBERET,
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