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A Variational Principle and Applications for
a Class of Specified Stress Problems
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Abstract: To solve some problems in the finite element analysis with specified conditions for stresses or inter-
nal forces, the inelastic strain as an additional unknown to meet the specified stress condition was introduced.
The elastic mechanics governing equations meeting the specified stress conditions were described under the
small deformation assumption. The potential variational principle and the virtual work equation were established
with the displacements and unknown inelastic strains as independent variables. Then a generalized variational
principle with 4 types of independent variables of the displacement, the elastic strain, the unknown inelastic
strain and the stress, was presented. Based on the variational principle, the specified axial forces and the re-
quired adjustment quantities were arranged in a dual form in the equations for truss and beam elements. The or-
dinary stress analysis was realized under the condition with known adjustment quantities, and the required ad-
justment quantities were obtained with specified axial force conditions. The effects of material stiffness and in-
ternal force of a structure were considered in the new method with the prestressing reinforcement simulation
improved based on the equivalent load method or the real physical reinforcement method. The method applies
to the optimization and adjustment of cable forces in related structures. Numerical simulations of displacement

optimization and cable tension adjustment for a cable-stayed structure demonstrate the feasibility and accuracy
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Fig. 1 A truss element in the axial coordinate system
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Table 1 Inelastic contractions and tensions of cables for specified main beam nodes with fixed vertical displacements

element @ @ (©) @ ® © @ ®
x; /mm 6.073 4.120 2.944 1.505 1.505 2.944 4.120 6.073
Fy /kN 1521.4 1293.5 1 354.6 1 337.93 1337.93 1 354.6 1293.5 15214
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Table 2 Inelastic contractions of cables based on specified cable tensions

element () @ &) @ ® © @
Fy /kN 1 400 1200 1 300 1 350 1 350 1 300 1 200 1 400
x; /mm 4.471 2.265 1.629 1.077 1.077 1.629 2.268 4.471
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