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A Study on the Comparison of Performances between Direct Method and
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Abstract

Structural optimization has been developed by two methods, One is the direct method which
applies the Nonlinear Programming (NLP) algorithm directly to the structural optimization
problem. This method is known to be very excellent mathematically. However, it is very expen-
sive for large-scale problems due to the one-dimensional line search. The other method is the
approximation method which utilizes the engineering senses very well. The original problem is
approximated to a simple problem and an NLP algorithm is adopted for solving the approximated
problems. Practical solutions are obtained with low cost by this method, The two methods are
compared through standard structural optimization problems. The Finite element method with
truss and beam elements is used for the structural and sensitivity analyses. The results are
analyzed based on the convergence performances, the number of function calculations, the
quality of the cost functions, and etc. The applications of both methods are also discussed.
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Table 1 Results of truss problems
Direct method | Approximation method| Cost increment (%)
Cost 27276.7 274745
10-Bar B
Iterations 18 42 0.76
(stress)
Fn. Calculations 18 43
10-Bar Cost 82386.6 96339.5
(Sgess Iterations 2 16 16.94
displ.) Fn. Calculations 29 17
Cost 9361.93 9850.10
22-Bar ;
Iterations 19 22 521
(stress)
Fn. Calculations 32 23
95-Bar Cost 7892.99 8248.76
(Sgess Iterations 23 12 451
displ) Fn. Calculations 28 13
Cost 999.12 1009.07
72-Bar Iterations 19 27 1.02
(stress)
Fn. Calculations 23 28
Cost 417031.1 497691.5
200-B
ar Iterations 16 17 19.34
(stress)
Fn. Calculations 16 18
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Table 2 Results of 2-member frame

Direct method Approximation Cost increment
(Normal/Released criteria) method (%)
Cost 12686.75 12683.76 12697.19
Iterations 18 18 15 0.09
Fn. Calculations 34 34 16
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Table 3 Results of 1-bay, 2-story frame problem without active set strategy

Direct method Approximation Cost increment
(Normal/Released criteria) method (%)
Cost 264117.1 264114.7 264227.97
Iterations 20 19 11 0.04
Fn. Calculations 42 41 12
with FD.M. 202 193 11
Table 4 Results of 1-bay, 2-story frame problem without active set strategy
Direct method Approximation Cost increment
(Normal/Released criteria) method (%)
Cost 264117.0 264117.0 262382.13
Iterations 20 20 19 0.65
Fn. Calculations 40 40 20
with F.D.M. 200 200 173
Table 5 Results of 1-bay, 2-story frame problem without active set strategy
Direct method Approximation Cost increment
(Normal/Released criteria) method (%)
Cost 102150.34 102150.19 105155.788
Iterations 41 39 22 3.0
Fn. Calculations 105 103 23
with F.D.M. 843 805 419

ik e
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Table 6 Results of 1-bay, 2-story frame problem without active set strategy

Direct method Approximation Cost increment
(Normal/Released criteria) method (%)
Cost 102156.30 102150.07 108460.355
Iterations 37 34 37 6.01
Fn. Calculations 105 102 38
with F.D.M. 771 714 333

Table 7 Theoretical comparisons of two methods

Direct method Approximtion method

Important The performance of the algorithm The approximation scheme
point
Design cost Line search(stepsize calculation) is | No. of function calculation is reduced

expensive. considerably.
Solution Precise optimum solution (Kuhn-Tucker | The final solution can be different from
quality point) is obtained the Kuhn-Tuker point
Applicability Problem independent Problem dependent
Coding Coding can be simple relatively More coding is needed for the approxi-
complexity mation process
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