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Summary The postbuckling behaviour of optimal geometrically nonlinear 3D frames is usually not analyzed since the
critical load constraints are included in the optimization problem,[5]. Therefore it is not clear whether behaviour of the
optimal frame after buckling is stable or unstable. In order to overcome that it is possible to implement postbuckling
constraints into the formulation of optimization problem that take care of the form of nonlinear equilibrium path and
modify the design in order to obtain stable behaviour after buckling. To guarantee the stable postbuckling behaviour of
the optimal frame we adopt the expression for the change of total potential energy which will allow us to investigate the
stability of singular points. Implementation of postbuckling constraints into the problem of determination of the optimal
joint positions and cross-sectional parameters of geometrically nonlinear space frames results in minimization of the
global mass of the frame subject to elimination of snap-through. The sensitivity analysis of the small change of total
potential energy is performed through analytic differentiation with respect to design parameters. Examples of optimal
design of space frames are presented.

PROBLEM FORMULATION

Consider an elastic frame structure with large displacements and rotations. The use of corotational approach eliminates
the rigid frame rotations prior to strain computation allowing the application of the standard small strain-displacement

relationship. The external loads /1{130} acting on the frame are assumed to be conservative, where A denotes the

proportional loading parameter. The design vector {X } is composed of cross-sectional parameters {X 1} and

configuration parameters {X 2} specifying the positions of member joints. These two classes of parameters are linked

to types and groups in order to satisfy constructive requirements.
The objective function is identified with the global mass of the frame which should be minimized, thus
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where p,,a,and L, denote the density, the area and the length of e-th beam member, k denotes the type of beams. The

feasible domain F is specified by the following constraints: constraint on the small change in total potential energy to
eliminate snap-through and side constraints on the design variables. The constraint for elimination of snap-through is
not considered if the critical load is greater than reference load, Fig.1.

The optimization problem can be formulated as follows:
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AIT —the change in total potential energy, B,,B; — the stability coefficients, {Zl}—the first eigenmode which

represents the buckling mode of the frame, /1r —the eigenvalues of the tangent stiffness matrix [Kt],



{g({p},/l, {X })}— the equilibrium equations, {p}— the displacement vector, p, —the i-th component of {p},
z, (i)—the i-th component of {Zl}, {X }min, {X }max —given lower and upper bounds for the design variables.
As has been calculated by Crisfield [6].

PROBLEM APPROXIMATION

One of the ways to effectively solve the large dimension optimization problem (1-2) is in replacing the exact
formulation with an approximate one:
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The approximate feasible domain Fis specified by the approximation of the postbuckling constraint:
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Calculation of derivatives of A/ with respect to design variables {X } is referred to the sensitivity analysis, [1-4].
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Fig.1. Feasible designs of frame subject to elimination of snap-through.
1-stable load-deflection curves for feasible designs,
2- load-deflection curves for unfeasible designs

References

[1] Sergeyev O. and Pedersen P. On Design of Joint Positions for Minimum Mass 3D Frames. Struct. Optim. 1996, 11, 95-101.

[2] Sergeyev O. and Mroz Z. Sensitivity Analysis and Optimal Design of 3D Frame Structures for Stress and Frequency Constraints.
Computers and Structures, 2000, 75, 167-185.

[3] Mroz, Z., Haftka, R.T. Design Sensitivity Analysis of Non-Linear Structures in Regular and Critical States. Int. J. Solids Struc.,
1994, 31, 2071-2098.

[4] Mroz, Z., Piekarski, J. Sensitivity Analysis and Optimal Design of Non-Linear Structures. Int. J. Numer. Meth. Engng., 1998, 42,
1231-1262.

[5] Bochenek B. Optimization of Geometrically Nonlinear Structures with Respect to Buckling and Postbuckling Constraints,
Eng. Opt.,1977, 42, 401-415.

[6] Crisfield M.A. Non-Linear Finite Element Analysis of Solids and Structures, volume 2. John Wiley and Sons, 1997.



