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Plastic Fatigue of Structural Members under Repeated Loading
— Tests on Failure of Steel Plate Elements

By Satoshi IwAl, Ulrich BOURGUND and Taijiro NONAKA

Synopsis

An experimental study is made of the fatigue failure of structural elements in steel frames
under repeated loading. The objective is to attain the ultimate failure in the course of
loading repetitions of the order of several to ten, to try and simulate the action of destructive
earthquakes. The test specimen is a rectangular plate, representing a thin-plated element in
a steel member such as wide-flange cross section. It is subjected to uniaxial loading
repeatedly, until complete failure takes place after undergoing inelastic buckling, plastic
bending, plastic elongation and/or combination thereof. The results show that the state of
the ultimate failure is closely related to the maximum strain at the extreme fiber in the cross
section. The criterion of structural failure due to low-cycle fatigue cannot be specified by the
total energy absorbed in plastic deformation only, but also depends on the entire history of
loading, because tensile and compressive loadings have shown to induce distinct fatigue
damage in the specimen.
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Fig. 2 Loading and measuring apparatus (length in-mm).
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Photo. 1 Over all test arrangement.
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Fig. 6 Load-axial displacement relations for L72 series.
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Fig. 7 Load-axial displacement relations for L18 series.
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Fig. 8 Load-axial displacement relations for L09 series.
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Fig. 11 Comparison of 1st and 2nd cycles in each amplitude level.
(a) Load-axial displacement relation.
(b) Load-midheight deflection relation.
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Fig. 12 Absorbed energy vs. number of cycles.
(@) L72 series. (b)L18 series. (¢)L09 series.
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Photo. A.1. Samples of Debye photo.

(a)09% strain. () 2.59 strain. (¢)5Y% strain.
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(a) (b)
Photo. A2, Debyce photos of Specimen No. 3. Fig. A.1 Deflected shape.
(@) Thick portion. (b Thin portion.
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