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A GENERAL VARIATIONAL THEOREM FOR THE
STRUCTURAL PLASTIC BUCKLING ANALYSIS
USING THE DEFORMATION THEORY

Li Guochen

(Institute of Mechanics fcademia Sinicd),

Absiract

Following; the form given by Reissner in 1950 for elastic analysis, a general variational
functional in plasticity is prescribed as ITin eq. (1). By setting its first variation oIT due to
the variation of (oy;, ;) to zero, the Euler equations derived in (3) are proved to be the
equilibrium equations, a deformation type of stress-strain relations and boundary conditions for the
prebuckling fundamental path solution. As Kappus had done in 1939, a new variation #* can
be imposed on (80;;,8u;). Let O = 6°I, then from 6*Q of eq. (5), the basic incremental
equations are derived for the evaluation of critical loading and its corresponding buckling patt-
ern. Comparing(5) and (6) it can be seen that whenever 6*Q equals zero the same is O
or vice versa.

Form eqs. (7)—(9) it is shown that eq. (1) is essentially equivalent to the potential
energy. According to the definition of Dirichlet and Kelvin, stability depends on whether AII
is positive or negative. Using the Taylor series expansion eq. (10) brings out that (a) if Q
> 0, stable (b) if Q <C 0, unstable (¢) when Q = 0, buckling occurs, it is the limit of
stability, the stability at this point relies on the sign of the higher variation term, e. g. 8- -+,
On the other hand, when the uniqueness of the solution fails, then the possible incremental parts
(Ac;; and Au;) should satisfy eqs. (11)—(13), which are similar to the Euler equations in
(5).

A comparison solid which has no unloading condition within the plastic region at the
moment of buckling is introduced to solve the buckling problem. Application of the above
theorem in the plate and shell problems is exemplified.



