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Plastic Stress-Strain Curve in the Reverse Loading Process
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An analysis of the results of tension-compression and torsion-reverse torsion tests on
aluminum alloy 5056 in a previous paper has shown that the reverse loading stress-strain
curve has the following characteristics: (a) When the plastic strain in the reverse loading
exceeds a certain value (about 19%), the relation between the equivalent stress and length
of plastic strain path is expressed as a parallel curve to the extension of the preloading
curve. The amount of stress drop (stationary softening) is considered to be independent of
prestrain. (b) If the stationary softening is separted from the total softening in the transient
range in the reverse loading, dimensionless stress-strain curve in this range is approxi-
mately independent of kinds and amount of prestrain.

In consideration of the above characteristics, an equation for the reverse loading stress-
strain curve which is related to the preloading curve was derived in a form in which the
effect of prestrain is expressed concisely.

The hardening curve derived from the equation, which is used with the plastic deform-

ation theory, agreed very well with the experimental results.
The derived equation was compared with other equations proposed fo far.
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Fig. 1 Relation between equivalent stress |o| and
length of plastic strain path S, for tension-
compression and torsion-reverse torsion tests.
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Fig. 2 Schematic stress-strain diagram for preloa-
ding and reverse loading.
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Fig. 3 Dimensionless stress-strain curves in transient

range.
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Fig. 4 Definition of reverse loading coordinate system.
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Fig. 5 Comparison of stress-strain curve evaluated
by Eq. (6) with experimental curve (tension-
compression).
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Fig. 6 Comparison of stress-strain curve evaluated
by Eg. (6) with experimental curve (torsion-
reverse torsion).
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