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APPLICATION OF NEW DISCRETE MODELS TO STRUCTURAL NON-LINER PROBLEMS

- Elasto-Plastic Stress and Crack Propagation Analysis -

Y. KAWABATA,* K. KONDOU,** T,KAWAI**

SUMMARY

Recently, finite element analysis of structural non-liner problems whose
theory has been almost established is now indispensable as a useful tool for
guite a variety of numerical analysis of engineering structures.

Unfortunately, however, even this procedure encounters serious difficulties
in terating structural non-liner problems including effects of contact,
stability, slip and crack propagation.

In this paper, a family of new discrete models is proposed by which principal
parameters of structural non-liner problems such as inelasticity, crack
grouth and stability can be considered at the same time, and also its
application to structural non-liner problems will be illustrated with several
numerical examples.

I. NEW DISCRETE MODEL (RIGID BODY-SPRING MODEL; KAWAI MODEL)

These models consist of finite number of small rigid bodies and springs
distributed over the contact area of two neighboring bodies as shown in Fig. 1.

Strain energy to be stored in these models can be represented by that of
spring system connecting individual elements.

Since the element is assumed to be rigid, its displacement can be completely
expressed by 6 components of the centroidal displacemerit. Therefore, the
size of stiffness matrix per element is always (6 x 6).

In this model, various behaviour of structural element such as elasto-
plastic stress and fracture (crush, break) is represented by the change of
spring properties on the boundary surfaces. That is to say there are two
kind of springs, one is resisting normal stress and the other is shearing
stress, and for those spring constants pertinent constitutive equation can be
employed depending upon the materials considered. There are three features
considered, that is, elasticity, yield (plasticity) and break (cruck).

Fundamentally two elements are connected with each other only on their
boundary surface, therefore, more than two elements can not be connected
at the same time. k

Accordingly the band width of coefficient matrix of governing equation
(stiffness equation) will be reduced so that considerable reduction of
computing time can be expected.

One, two and three dimensional elements will be described in detail in the
present paper.

II. EXAMPLE ANALYSIS

Several numerical examples such as a three dimensional block with a through
crack under tensile loading, a block with a single v notch under tensile
loading, a two dimensional crack analysis of notched rectangular plates
under tensile loading and a one dimensional elasto-plastic, stability and
crush analysis of Beam-Column are briefly illustrated in the present paper.
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*% Graduate Student, University of Tokyo.
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