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Theoretical Lower Bound on Discrete

Optimization Problem of Steel Frame
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Abstract: Aiming at two typical discrete optimization problems of steel frame , namely, the volume minimization
with compliance constraint and the compliance minimization with volume constraint, a linear relaxation approach
based on convex combination is proposed. Meanwhile, the linked discreteness of design variables is also relaxed lin-
early, and the original nonlinear and nonconvex problems are recast as relaxed convex programming problems. Spe-
cifically, the compliance minimization with volume constraint is reestablished as a second-order cone programming,
and the volume minimization with compliance constraint is reformulated as a semidefinite programming. The global
optimum solutions of two types of convex programming problems can be readily derived using existing mature optimi-
zation solvers. These global optimum solutions are also the theoretical lower bound for the discrete optimization prob-
lems. An example of a one—bay four—story frame is presented, and the results by the proposed approach are compared
with the solutions by complete enumeration and genetic algorithm. The comparison demonstrates that the proposed
approach is capable of achieving the theoretical lower bound in an efficient manner.
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Fig.1 Linear relaxation based on convex combination
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Fig.2 One-bay—four—story steel frame
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Tab.1 H-shaped standard sections
b FrifERL N Fry FrifE 2

1 HN125x60x6x8 13 HT300x150x4.5%6
2 HT175x90x4x6 14 HN250x125x5%8
3 HN150x75%5%7 15 HN220x125%6X9
4 HT150%100x4.5%x6 16 HN250%125%6%x9
5 HT200x100%4x6 17 HT250%x175%4.5%8
6 HW100x100x6Xx8 18 HW150x150%x7%10
7 HN200x100x4.5x7 19 HN280x125x6x9
8 HN175%x90x5x8 20 HN300%x150%5.5%8
9 HN180x90x5%8 21 HN300x150%6.5%9
10 HT250%125%4.5%6 22 HT300x200x6x8
11 HT200%x150%4.5%6 23 HW175%175x7.5%11
12 HW125%125%6.5%X9 24 HM250%175X7x11
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Fig.3 Distribution of optimum solution

for compliance—constrained problem
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Tab.2 Optimum solution for

compliance—constrained problem

FrHE45 Hezg GA
1 HN280%125%x6x9 HN300%150%6.5%9
2 HT300x150x4.5%x6 HT300%x150x4.5%x6
3 HT300x150x4.5%x6 HT300%x150x4.5%x6
4 HT250x125%4.5%x6 HT200x100%x4x6
5 HT300x150x4.5%x6 HT300x150%4.5%6
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Tab.3 Optimum solution for volume—constrained problem

FFE4 ok GA
1 HN300%X150%6.5%x9 HN300X150%6.5%x9
2 HT300x150%4.5%6 HN280X125%6X9
3 HT300x150%4.5%6 HT300%x150x4.5%6
4 HT300x150%4.5%6 HT250x125x4.5%6
5 HN300x150%6.5%9 HN300%150%6.5%x9
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