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THE LIMIT ANALYSIS OF SPACE BUILDING FRAMES

Sadayoshi Igarashi* Kazuo Inoue**
Shoji Hirahara**#* Motohide Tada#***

This paper is concerned with the limit analysis of space building frames
under constant vertical load and eccentrically acting proportional horizontal
force. Usually, the plastic collapse load of space frame is complicated to obtain
owing to nonlinearity of yield function. So that the collapse load is calculated
by numerical elastic-plastic analysis or by linear programing technique using
approximate linear yield function.

On the other hand, provided the plastic hinges are formed only in beams and
bracings, the problem becomes simpler and easier because of linearity of yield
functions. This type of structures (hereafter termed beam yield type space frame)
are dealt with in this paper. The plastic collapse mechanism and the corresponding
collapse load are derived based on the kinematic theorem on the following
assump tions:

(1) The material is rigid-perfectly plastic

(2) Floors act as rigid diaphragms in their own planes

(3) Plastic hinges are formed only in beams and bracings

(4) Tortional resistance of members is neglected

(5) Horizontal forces act on the center of gravity at each floor level.

For any assumed collapse mechanism as shown in Fig.3-1, equation (5-1) which
gives the corresponding collapse load factor is derived. Based on the kinematic
theorem, the actual collapse mechanism is distinguished from among all the
possible mechanisms by the fact that it has the lowest corresponding value
given by equation (5-1).

Authors proved that all possible mechanisms of beam yield type space frames
which shoud be considered are sway mechanisms in X and Y-directions and tortional
mechanisms around every column point. So that the number of mechanisms to be
considered is (2 + the number of columns) regardless of the number of floor levels.

Some examples are analized according to equation (5-1). The results are
indicated in Fig.6-6, 6-7 and 6-8 comparing with the results of column yield
type space frames whose columns have the circular yield function for biaxial
bending. Furthermore, the examples of interaction yield surface for overall beam
yield type space frame are depicted in Fig.6-10 and 6-12. The resulting load
factor can be evaluated using this yield surface under the information about the
direction of horizontal forces and the eccentricity.

*  Proffesor, Department of Architectural Engineering, OSAKA University
*% Assistant, ditto
*%% Graduate Student,ditto
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