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Elastic-Plastic Analysis of Framed Structures using the Matrix Method
By Yukio Ueda, Member
Masakatsu Matsuishi, Member
Taketo Yamakawa, Member
Taketo Akamatsu, Member

Summary

Recently, the matrix method has become a powerful tool for structural analysis in conjunction
+with the rapid development of digital computers and the method of elastic analysis of framed str-
nctures is almost established. While, the plastic analysis on the structures is performed with the
aid of the mechanism method, the moment distribution method or the linear programming method.
However, it is impossible by these methods to analyze the elastic-plastic behavior of the framed
sructures for the entire process of loading.

Jennings and others studied on the elastic-plastic strength of plane frames subjected only to
?t;énding and showed a method to analyze the frames by inserting hinges at the yielded sections.
‘This kind of method is not satisfactory to the analysis for framed structures, especially, for space
frames, since the interaction is not taken into account and this may produce a serious error in the
result of the analysis. The authors contrived a new mechanism of plastic hinge based on the plastic
flow theory and established a new method of elastic-plastic analysis of framed structures in two
and three dimensions with full consideration of the interaction.

The result of analysis approaches to the exact solution when the increment of external load
becomes infinitesimal.

The analysis was made on several kinds of structures including plane frames under combined
axial forces and bending and space frame.

The following important informations are obtained.

(1) The new mechanism of plastic hinge is characterized by that the continuity is maintained
at yield section through the entire process of elastic-plastic behavior, and the rigidity is reduced
automatically by plastification of the section. It should be also noted that a combination of forces
and bending (twisting)moment is possible to change at the plastic hinge without violating the yield
condition.

(2) By the new method of analysis, the elastic-plastic behavior of framed structures is inve-
stigated, taking into account of the interaction. And the deformation is obtained at each step of

loading and the plastic collapse load is evaluated.
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Table 1 Dimensions and some items of
semispace framed structure

BT | AR O | PR SIESS | ERpaSTIe
COLUMN; 60.73 5.99 271.5 495.6
BEAM; 60.73 5.99 27.5 495.6
BEAM 50.93 5.30 31.4 354.0

YOUNGS MODULUS 21, 000 kg/mm32
MODULUS OF RIGIDITY 8076.9 kg/mm?
L=710 mm
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Fig.2 Load deflection curve for beam
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Fig.8 Load deflection curve for space framed structure
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