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STRUCTURAL OPTIMIZATION USING VARIABLE METRIC METHOD
AND QUADRATIC PROGRAMMING

SADAJI OHKUBO * MITSUHIRO MATSUBARA **

Structural design is linked to engineering, economical, social and further
artistic circumstances and involves a number of decision making at various design
stages such as from the conceptual design to the detailing of member elements.
Computer-aided design procedures are strongly effective to the design and the
portion of the design process that can be optimized automatically by the opti-~
mization methods should be left to the computer in order that the designer con-
centrates his efforts on the better decision making. In this sense, the comple-
tion of the optimizer subroutine library is significantly important for the opti-
mum structural design. This paper presents fundamental investigations on the
application of the optimization algorithm proposed by Powell et al. to truss
problems, which seems to be one of the most effective optimizer for general non-
linear programming problems at present.

The algorithm defines a quadratic subproblem in each iteration step to mini-
mize an approximation of the Lagrangian subject to the linearized constraints.
The subproblem is solved for the search direction S of the variables by Rosen's
Gradient Projection Method, in which an efficient process to find an initial
feasible point is presented in this paper. Then a line-search of a penalty func-
tion in the direction of S is introduced to determine the new iterate. The step
length ¢ of the variables is obtained by a quadratic interpolation. If the new
iterate is not optimal, the positive definite coefficient matrix of the second
order term in the quadratic objective function is updated by the BFGS formula
and return to the new quadratic subproblem.

Sevaral indeterminate truss problems are solved by the algorithm, in which
the stress and displacement constraints are subjected and following conclusions
are obtained.

1) The iteration required to the near optimum is still increased as the number
of variables increases. However, for the reason that the coefficient matrix of
the second order term of quadratic objective function accumulates the infor-
mation of second derivatives of the Lagrangian and keeps his positive defi-
niteness always by BFGS formula, the successive solutions converge to the opti-
mum superlinearly and relatively small number of iterations are needed to the
optimum solution compared with other Nonlinear Programming algorithms.

2) However, in some problems, the penalty functions come to very flat even sev-
eral constraints are violated fairly and step length O determined is very small.
It results slow convergence. Further investigation is needed on this point.

3) Since it is not necessary to adjust the parturbation parameter for conver-
gence, the algorithm is so reliable and simple.

4) The process to obtain an initial feasible point in the quadratic subproblem
does work very well and the size of improvements of the variables A4S increases
automatically as the distance from the optimum solution increases. It makes
also ensure the rapid convergence from any starting points and increase reli-
ability of the algorithm.

5) In summary, the optimization algorithm presented herein can be used as a very
effective optimizer for general purpose in the optimum structural design pro-
cedures. :

* Departmentof Civil Engineering, Ehime University
** Graduate Student, Department of Civil Engineering, Ehime University
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