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PREDICTION OF HYSTERETIC MOMENT-CURVATURE RELATIONS
BY A CYCLIC PLASTICITY MODEL

Masaru Minagawa 1 , Takeo Nishiwaki 2 and Nobutoshi Masuda 3

SUMMARY

The authors already proposed a cyclic plasticity model by which
elasto-plastic behaviors of uni-axial steel members under complicated
repetitive loads can be predicted with high accuracy. On the bases of
the proposed model, investigated was the predicted hysteretic moment-
curvature relations (M- ¢ relations) of rolled H-shaped steel beams
under repetitive bending moments.

The proposed cyclic plasticity model was constructed by the
refinements of multi surface model introduced by Petersson and Popov. On
the proposed mode, new material property functions were supplemented,
and the cumulative equivalent plastic strain as an internal variable was
clearly defined. Moreover, the standard measurement method for
determining all material property functions was clearly presented and
then the model can be applied to all hardening structural metals.

To calculate M-¢ relations of beams and beam-columns, the tangent
stiffness method introduced by Chen and Atsuta was used with some
amendments. In order to determine the tangent stiffness of a cross
section, tangent modulus at all point on the cross section should be
evaluated and then integrated all over the section. In this study, cross
sections were divided into some triangular finite elements of which
integrals were calculated analytically. Integral over the section can be
gained by the summation of integral for each element. In this process,
it is supposed that the tangent modulus distributes linearly in each
finite element. Since the analysis process is nonlinear, the solution
was converged by Newton-Raphson procedure. Material property functions
were determined by a combination of tension tests and tension-
compression tests each including only one unloading using JIS(Japanese
Industrial Standards)-5 type specimens shaped from a H-shaped beam
specimen. Residual stress distribution was measured by the drilling
method and modelled by a simple type.

The calculated M-¢ relations were compared with those gained by
experiments which the authors carried out and it is verified that
hysteretic M-¢ relations under consideration of history effects can be
predicted with high accuracy by means of the proposed method.

1.M.JSCE, Research Assoc., 2.M.JSCE, Prof., 3.M.JSCE, Assoc. Prof.
Dept. of Civil Eng., Musashi Inst. of Tech., Setagaya-ku, Tokyo 158.
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