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A Discrete Limit Analysis of Framed Structures Including the Effects

of Foundation by using New Beam Elements
* *% EX 23
Norio TAKEUCHI Youichi KAMIO Tadahiko KAWAT

A family of new discrete elements especially suitable for 1imit analysis of
solids and structures have been derived by one of the present authors, KAWAI
a few years ago. Although it is simple, his new beam element for bending can
take into account of the effect of shear deformation, He has verified its
effectiveness through a series of numerical studies, Recently TOI and WATANABE
pointed out that this model is identical to the finite element proposed by
Hughes et al if the integration center is taken at the mid point of the span.

When the framed structures on the foundation i1s to be solved by using the
finite element method, it is necessary to derive a new beam stiffness matrix in
which effects of the foundation is considered. For this purpose it must be
needed to solve the following Uth order differential equation of the beam
displacement due to bending:

EIv'" + kv = 0

where v is the beam displacement. Consequently the resulting stiffness matrix
of a beam element becomes complicated even in case of the elastic foundation.
And in case of inelastic foundation it is extremely difficult to obtain the
corresponding stiffness matrix in practical form. In case of a new beam
element, effects of the foundation can be easily represented by a spring system
obeying the assumed stress-strain relation (elastic or inelastic) which supports
the beam structure continuously. And therefore analysis of the framed
structures on or in the foundation can be successfully made with reasonable
computer time and cost.

Frome the result of some numerical examples illustrated in this paper the
following conclusion can be drawn:

(1) In case of the elasto-plastic foundation, behavior of the overall
structures is quite different frome those of the structure with fixed
support.

(2) Location of the maximum bending moment calculated is different frome
the case of fixed support.

(3) Due to possible failure of the foundation, unexpected larger displacement
will be observed.

(L) Calculated limit load is smaller than that of the fixed support.

(5) It is impractical to use longer piles than the minimum requirement length
in case of horizontal loading.

* Institute of Industrial Science, University of Tokyo, Research Assistant
¥% Toyo Engineering Co., System Engineer at the System Department
*¥%% Tnstitute of Industrial Science, University of Tokyo, Professor
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