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Two Methods of Solving Dynamic Response

by Discreting of Gurtin Variational Principle

Zhang Ruging Tong Ming
(Chongqing University}
Abstract
Based on Gurtin variational principle and the finite element method two
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methods of step-by-step solution of linear structural dynamic response are derived
in this paper.

One of them is that, using “dual time finite element” to discrete Gurtin
variational principle which corresponds to linear elastodynamics and in which
convolutions are involved , and making use of the characteristic of convolution,
a step-by-step solution of structural dynamic response is obtained,

The “dual time finite elements” exist in pairs, The pairs are arranged
symmetrically with respect to middle plane _ZE in the space and time domain, And
the local corrodinates and the local order of nodes in dual elements are arranged
by dual rules, In this way the functional involving convolutions are bcecme what
only consists of definite integral, This makes it easy to get anmerical coefficient
matrices of the functional,

According to Gurtin variaticaal prirciple, Gurtin tunciional must be stationary
for the solution of dynamic mixed preblem, After the variation ef the functional
which has been discreied by the dual finite elements, a set of linear algebraic
equaticns can be derived, In further discussion of the boundary conditions and the
initial conditions, it is found that step-by-step formulas can be got at the same
time when intrvducing initial displacement conditions,

It is of interest for us to notice that the step-by-step formulas result from
the variation of Gurtin functional, And this is a considerable difference from the
step-by-sted fcrmula derived from direct integration method,

Eigenproblemes can also be derived from the step-by-step formulas of Gurtin
variational principle, It implies that it is possible to get both the solution of
dynamic response and that of eigenproblemes from Gurtin variational principle,

In the analysis of the stability of the step-by-step formulas, it is noticed that
the scheme is only conditionally stable,

If we want to get further an unconditionally stable scheme, another method
should be taken, This is the second method mentioned above,

By discreting the variational principle- in each time step and taking an
appropriate integratibn parameter 0, i, e, discreting the variational principle in
the space first, and then interpolating nodal displacements in any form as we like

in time interval, an unconditionally slable step-by~step solution is obtained,
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