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Optimum Design of Frame Column Subjected to Axial Crushing
by Statistical Optimization Method

Takayoshi KASHIWAMURA, Takao MORI, Masaki SHIRATORI,
Qiang YU and Osamu MARUYAMA

The authars proposed a new practical optimum design method (=statistical oplimization
method) that consists of two steps of an effectivity analysis (using a combination of the design of
experintents and the structural analysis) and mathematical programming. The design of experi-
ments is used to generate the approximate evaluation functions for the controlling behavior depend-
ing on the changes of design variables of the object structure, using finite element analysis {FEA).
The evaluation functions can aiso be used as tools for dircetly estimating the behavior of the
designed structure. A successive quadralic progranmuiing (SQP) method is employed 1o solve the
optimization problem of the approximate evaluation functions. 1L is conlirmed that the proposed
method can be used in salving various problems. In this study, the authors applied the present method
ta the optimum desiun of a frame column subjected to axial crushing. This study deals with many
complex behaviors such as large deformation, comtact and material nonlinearities as well as impact
hehavior, However, this problem has been solved easily using the present method. and satisfactory
resilts of the offectivity analysis and optimum design are obtained,

Key Words: Dynamic DBuckling., Optimum Design, Nonlincar Problem, Design of Experiments,
Mathematical Progranuning. FEM
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Fig. 1 Analysis flow
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Table 1 Level values

Factor Levell | Level2  |Leveld | Leveld
Eld stress {MPa) 294 343 392 441
Work hardening (MPa) 480 980 1470 1960
Thickness 1 (mm) 1.4 1.6 1.8 2.0
Width of plane A (mm} a0 52.9 39 97. 8
Width of plane T3 (mm) 50 52.5 59 375
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Fig. 4 Deformed model
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Fig. 6 Absorbed energy-displacement curves
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Table 2 Result of variunce analysis for absorbed energy

SUM OF DEGREE OF EFFECTIVE

FACTOR SQUARE FREEDOM VARIANCE F RATIO RATLO (%)
H o1 4. 25733E+09 1 4. 25735E+09  33. 186 #x 2.79
2 1. 00457E+08 0 1. CO467E+08 0.000 0. 00
3 5. 4BREBE+(S 0 5. 48866E+06 0. 000 0. 00
t 1 L.09676R+11 1 1. 09676E+11 854.932 *x 7404
2 3.34830E+08 1 4 34830E+08 2.810 0. 14
3 8. 6S6T4E+06 4] 8. 69674E+06 0. 000 0.00
A 1 1 65220E+08 1 1. 65220E+08 1,288 Q.02
2 7. 55463E+05 44 7. 59463E+05 0. 000 0,00
3 6, 22298E+07 4] B, 22298E+07 0.000 0.00
B 1 1. 49480E+08 1 1. 494BOE+08 1. 165 0.0t
2 1.2B6ISE+08 0 1. 28633E+08 0.000 g, 00
J 1.68218E+08 1 1. 68218E+08 1.311 003
o, 1 3.00824E+10 1 3.00824E+10 234, 494 == 20.24
2 8. TBET4E+06 4 8. 18674E+06 0. 000 0.00
3 L T7157E+0B I 1. 77357E+08 1. 383 ¢.03
ERROR 1 2. 95059E+09 23 1. 282B7E+08 2.70
TOTAL 1. 47962E+11 31 100. 0¢
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Table 3 Result of variance analysis for maximum load

SUM CF DEGREE OF EFFECTIVE

FACTOR SQUARE FREEDOM VARIANCE F RATIO AATTO(%)
H o1 1. 33225E+04 1 1, 33225E+04 0. 490 0.00
2 4, 50000E+02 0 4. 50000E+02 0. 000 0. 00
3 1. 44000E+03 4] 1. 44000E+Q3 0, 060 0. 00
t 1 2.7506ZE+Q7 1 2. 750625407 1012, 057 %% 47,07
2 4. 05000E+03 1 4. 05000E+03 0,149 0,00
3 4. 84000E+02 i 4. 84000E+03 Q. 178 0.00
A 1 1.10224E+06 1 1. 10224E+06  40. 556 ** 1.84
2 6. 61250E+03 1 6. 61250E+03 0.243 0.00
3 8. 10000E+02 0 8. 1000GE+02 0. 000 0.00
B 1 7. 13562E+05 1 7. 16562E+05 26,328 *=* 1.18
2 6. 12500E+02 0 6. 12500E+02 0.000 0.00
3 6. 25000E+01 0 E. 25000E+01 0. 000 0. 00
g, 1 2. 842608407 1 2. B4260E+07 1045, 898 #+  48.64
2 4. 05000E+03 1 4. 0500CE+03 0.149 G. 00
3 1. 10250E+03 ] 1. 10250E+03 0.000 0. 00
ERROR L 5. 87927E+C5 22 2. 717856E+04 1. 30
TOTAL 5. B3808E+07 3l 100. 00
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Tuble 4 Optimal sotution(Design variables)

[ H t
INITIAL 441 MPa
OPTIMUM| 341MPa

A and BB F

1960GMPa 2. 0mm 57. bmm
1960MPa 2. 0mm 50. 0mm

Table 5 Optimal solution

Objective Behavioral Constraints

Function Absorbed Energy Maximum Load
INITIAL 108. 3Yen 4173. 5N'm G8578N
OPTIMUM | 81.4Yen J626Nm T2932N
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