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ELASTO-PLASTIC AND FRACTURE ANALYSIS OF FRAME STRUCTURES
- Application of the Critical State Analysis to Frames -

Hiroshi KAWAMURA*

In order to evaluate the safety against the ultimate state of structures
the physical meanings of fracture processes and fracture itself of them should
be made clear. For this purpose, in this paper, an elasto-plastic and fracture
analysis method of frame structures is presented.

In this analysis, frames are idealized as rigid sticks connected with each
other by spring hinges composed of discrete spring elements with partially line-
ar force ~ deformation relationships. The force - deformation characteristics
fromelastic state to fracture of such spring hinges are able to be analyzed by
the "Critical State Analysis' method already proposed by the Author. In this
method mutual transformation relationships between the force and deformation
spaces are analyzed (See Figs.13-16) and the critical points in mechanical
characteristics of spring elements play main rolls in these spaces. The main
subject of this paper is to apply this method to frame analysis. Geometric
nonlinearity in frame analysis is overcomed by linear approximation in the ex~
ternal force space and the displacement one of frame structures (See Figs.20,21).
Thus all the calculation process until fracture is linearlized. In this frac-
ture analysis of frame structures not only static external forces but also dy-
namic inputs are able to be considered.

From the frame analysis proposed here the following things are made clear:

(L) When some coefficients of rigidity of spring elements in spring
hinges have negative signs and/or there are extreme geometric nonlinearities in
frames, the uniqueness of solution is affected.

(2) If the hypothesis that input or dissipated energy is proportional to
occurrence probability is introduced according to the second law in thermo dy-
namics, probabilistic solutions are able to be given.

(3) Physical meanings of fracture are definitely clarified by the rela-
tionships between input and output vectors in the external force and displace-
ment spaces both in static and dynamic analyses.

% Department of Architecture, Faculty of Engineering, Kobe University, Kobe,
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