Bt Bl &EREtE fIt M=
IR AT B

Efficient NLP Techniques for the Optimum Design of Simple Steel
Plate Girder Cross Section
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Summary

In this study, an algorithm which can be applied to the optimum design of simple steel
plate girders was developed, and efficient optimization strategies for the solution of algorithm
were found out.

The optimum design algorithm consists of 3-levels of optimization. In the first and second
levels of optimization, the absolute maximum bending moment and shearing force are extrac-
ted and in the third level of optimization, the optimum cross section of steel plate girder
is determined.

For the optimum design of cross section, the objective function is formulated as the total
area of cross section and constraints are derived in consideration of the various stresses
and the minimum dimension of flange and web based on the part of steel bridge in the
Korea standard code of road bridge.

Sequential unconstrained minimization technique using the exterior penalty function me-
thod(SUMT-EP), sequential linear programming(SLP) and sequential quadratic programming
(SQP) are proved to be efficient and robust strategies for the optimum design of simple
plate girder cross section.

From the reliable point of view, SLP is the most efficient and robust strategy and SQP

is the most efficient one from the viewpoint of converguency and computing time.
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Fig. 2. Cross section of simple steel plate gi-
rder
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Fig. 3. Flowchart of optimization algorithm
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Table-1. Combination of optimization strategies, optimizers and search method
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Table-2. Initial values and side constraints for each case

Initial values (m) Side constraints
Cases .
X, X, Xs X, Xs X (m)

A 0.650 0.010 0.008 3.300 0.750 0.009 0.008<X<4.0
AT 0.650 0.010 0.008 3.300 0.750 0.009 0.008<X<5.0
B-1 0700 | 0025 0.012 1.850 0.750 0.022 0.008<X<4.0
B-I 0.700 0.025 0.012 1.850 0.750 0.022 0.008<X<5.0
Cc-1I 0500 0.020 0.015 1.000 0.600 0.020 0.008<X<4.0
c-II 0.500 0.020 0.015 1.000 0.600 0.020 0.008<X<5.0
D-1 1.000 0.040 0.040 2.000 1.200 0.040 0.008<X<4.0
DI 1.000 0.040 0.040 2.000 1200 | 0040 | 0.008<X<50
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Table-3. The results of local optimum objective function for each optimization strategy

Cases Optimum objective function (m)

SUMT-EP | SUMT-LP | SUMT-QP | SUMT-CP|  SLP SQP
A-l 0.056182 | 041507 | 017508 | 0.20634 | 0.051848 | 0.043028
AT 0056182 | 0.36406 | 017860 | 0.20467 | 0.051834 | 0.043028
B-1 0.051068 | 0.18074 | 0.18946 | 0.17596 | 0.051837 | 0.056500
B-II 0.051068. | 017816 | 0.18316 | 0.18844 | 0.051837 | 0.056500
C-1 0057128 | 0.22907 | 0.00000 | 0.00000 | 0.051999 | 0.067700
c-II 0057128 | 019370 | 0.0000 | 0.00000 | 0.051999 | 0.067700
D-1 0068374 | 017088 | 0.16911 | 0.18861 | 0.051992 | 0.069157
D-II 0.068374 | 017088 | 0.12210 | 0.14504 | 0.051992 | 0.069157
Mean 0058188 | 0.23781 | 0.12718 | 0.13863 | 0.051917 | 0.059096
Max. difference(Dua) 0017306 | 0.24419 | 0.18946 | 0.20634 | 0.000165 | 0.026129

D
R p—— X100(%) 3353 142.90 - - 032 60.73
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Table-4. The reliability of optimum design variable for each optimization strategy

Classification | "C°%" | SUMT.EP | SUMT-LP | SUMT-QP | SUMT-CP |  SLP SQP
variables
X, 0.2027 0.6923 0.4349 0.4207 0.0314 0.2167
X, 0.0120 0.5134 0.6519 0.8126 0.0016 0.0188
Max. difference X 0.0154 0.5918 0.2578 0.5464 0.0001 0.0155
X Ximin X 0.7662 0.7872 0.9920 0.9920 0.0312 15511
Xs 0.1924 0.6888 0.5290 0.5101 0.0335 02212
Xs 0.0082 0.8654 1.0050 0.8507 0.0008 0.0170
X 38.38 19.17 668.05 530.52 5.29 39.59
X, 6818 | 1v52.05 3259.50 4063.00 7.69 151.61
Ko Ko Xs 158.76 386.29 1718.67 3642.67 0.01 156.57
—_— X, 53.39 203.99 | 12400.00 | 12400.00 1.59 122.28
Zimin X 3161 | 4920.00 74507 567.41 5.38 35.83
X100 (%) Xs 43.62 1056.65 5025.00 4253.50 4.02 147.83
Mean 6566 | 1279.69 3969.38 424285 3.99 108.95
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Table-5. Convergency of optimum point: for each strategy

Classification Initial Optimum design

values SUMT-EP SLP SQP

Xy 0.700 0.6562 0.6253 0.6999

X, 0.025 0.0233 0.0208 0.0250

Design variables X3 0.012 0.0111 0.0130 0.0122

). 1.850 1.8393 1.9912 1.8444

X5 0.750 0.7182 0.6518 0.7257

X 0.022 0.0212 0.0199 0.0227

Objective function(m?) 0.056200 0.051068 0.051837 0.056500

Number of iteration - 4 3 2

Number of function evaluation - 414 56 32
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Fig. 4. Objective function vs. iteration
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