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Fig. 1(a) A cantilever beam with large deflection under uniformly distributed load
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Fig. 1(b) The actual system of the cantilever beam with large deflection under uniformly distributed load
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Fig. 2 The basic system of a simply supported beam with small deflection
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Variational Principles for Dual and Triple Mixed
Variables of Linear Elasticity With Finite
Displacements and the Application

FU Bao-lian
( College of Architectural Engineering and Mechanics, Yanshan University,
Qinhuangdao, Hebei 066004, P.R.China)

Abstract . Variational principles for dual and triple mixed variables of linear elasticity with fi-
nite displacements were proposed. Considering the variation of prescribed boundary conditions
and using the reciprocal theorem of finite displacements played the key and bridging roles in
derivation of the above variational principles. First, in view of the variation of the prescribed
geometrical boundary conditions and based on the reciprocal theorem, the principle of mini-
mum potential energy with dual mixed variables was derived. In a similar way, the principle of
stationary complementary energy with dual mixed variables was also given. Then the relation
between the strain energy density and the complementary energy density was applied to the a-
bove 2 principles, and the variational principle with triple mixed variables was deduced. In
turn, the principles of virtual work and virtual complementary work with dual and triple mixed
variables were directly given. Meantime, the generalized variational principles were derived with
the Lagrangian multiplier method. Through an example the Lagrangian multiplier method in cer-
tain cases was proved to be ineffective. The semi-inverse method for construction of the func-
tionals for generalized variational principles was also introduced. Finally, a cantilever beam
with large deflection was calculated by means of the principle of minimum potential energy for

dual mixed variables.

Key words: finite displacement theory; linear elasticity; variational principle with dual (triple)
mixed variables; principle of virtual ( complementary) work with mixed variables;

generalized variational principle; semi-inverse method
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