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A Development of Move Limit Strategy Based on the Accuracy of
Approximation for Structural Optimization
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Abstract

The move limit strategy is used to avoid the excessive approximation in the structural
optimization. The size of move limit has been obtained by engineering experience. Recently,
efforts based on analytic methods are performed by some researchers. These methods still have
problems, such as prematurity or oscillation of the move limit size. The existing methods usually
control the bound of design variables based on the magnitude. Thus, they can not properly handle
the configuration variables based on the geometry in the configuration optimization. In this
research, the size of move limit is calculated based on the accuracy of approximation. The method
is coded and applied to the two-point reciprocal quadratic approximation method. The efficiency

is evaluated through examples.
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Step 1 Define initial values @, nax &fuiny fmaxs £
Step 2 Calculate the approximation accuracy, §f
using Eq. (15).
Step 3 Check iteration number k and then
if k=1, go to Step 4.
if k=5, go to Step 5.
if £>5, go to Step 6.
Step 4 @= tmax, g0 to Step 7.
Step 5 If 67* < dfmn, Ofmn= 87", g0 to Step 7.
If 8/* = 8fmax, Sfmax=3f" and a*=0.7% o',
go to Step 7.
Step 6 Calculate @ using Eq. 16 through Eq. 18,
and then
if @ is increased, update &« with Eq. (20a)
otherwise, update ¢ with Eq. (20b),
If configuration variables are considered,
update ¢ with Eq. (21).
If individual adjustment is considered, up-
date ¢ with Eq. (22).
Step 7 Check initial design variable bounds, let ¢

be between initial bounds, and then go to
Step 2.
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Fig. 7 Final configuration for eighteen-bar truss

Table 1 Numerical data for eighteen-bar truss

A=A=As=An=As

Table 2 Numerical data for one-bay-two-story

structure
b1 - bz = bs = be
Design hi=h,=hs=hs
variable ti=to=ts=ts
linking bs=bs, hs=hs, tz=t,
X2= —Xs5 X3= — X4
Density 7856 kg/m’
Young's modulus | 206.7 GPa
Allowable stress 24.8 MPa
Allowable Xa=38 mm
displacement va=5.1mm
Allowable frequency | (.746 Hz

Loading data

Design variable Ar=As=Ap=Anu=Ay Loac'ii‘ng Node Load
linking As=A=A,=As condition
As=As=A; = A ) 2 Px=200.3 kN
Density 2770 kg/m® 3 Px=200.3kN
2 Py=-267 kN, Mz=-271.3kNm
Y ’ dul GP .
oung’s modulus | 68.9 GPa ) 3 Py— 267 kN, M= 271 3kNm
Allowable stress | 137.8 MPa 4 Py=267 kN, Mz=271.3kNm
Buckling coefficient | 4 5 Py=-267 kN, Mz=271.3kNm

Loading data

Loading | 4. Load (kN)
condition
1 Py=—889.84
2 Py=—889 .84
1 4 Py=—889.84
6 Py=—2889.84
8 Py=—889.84

Table 3 Solving cases for move limit strategy

Case number Contents

1 Eq. (16), Eq. (17), Eq. (18)
Case 1+Eq. (20)

Case 1+Eq. (21)

B B SR I o)

Case 3+Eq. (22)
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Table 4 Optimum design results for eighteen-bar truss

1225

Move limit 20% 50% Case 1 Case 2 Case 3 Case 4
COST 2046.52 2046 .68 2046.70 2046.84 2046.29 2046 .32
A, 78.63 78.69 81.40 80.75 82.69 80.17
A, 116.16 116.23 117.26 120.42 121.78 116.62
As 31.54 31.60 31.54 27.22 30.90 31.99
As 26.64 26.57 22.19 21.67 24.12 22.77
X3 232 .64 232.56 232.61 231.98 231.09 231.95
DV V3 60.91 60.91 61.16 59.49 59.89 61.80
X5 165.15 165.10 165.10 165.10 165.10 165.10
Vs 51.16 51.16 51.61 51.33 52.12 51.38
X7 106.55 106.55 106.55 106.60 107.57 109.60
y7 38.00 38.05 39.07 38.30 38.94 38.99
Xg 52.17 52.17 52.22 53.80 51.54 52.22
Vo 19.48 19.56 21.41 20.85 21.41 20.27

ITER 11 9 7 6 10 12

Table 5 Optimum design results for one-bay-two-story structure
Const.ra'unt 20% 50% Case 1 Case 2 Case 3 Case 4
condition
COST 4.13 4.13 4.12 4.12 4.13 4.12
W) 247.78 254.00 254 .00 253.49 254.00 254.00
h, 481.61 466 .78 466 .52 471.63 468 .81 458.47
t 0.25 0.25 0.25 0.25 0.25 0.25
ws 46.74 20.50 13.11 15.77 15.52 | 14.20
Stress DV

hs 335.51 389.97 407.52 403.02 403.38 408.97
ts 0.25 0.25 0.25 0.25 0.25 0.25
X2 202.26 204 .42 205.49 203.23 203.23 203.30
X3 25.40 25.40 25.40 25.40 25.40 25.40

ITER 17 15 19 16 16 14
COST 6.50 6.43 6.41 6.45 6.43 6.45
Wi 61.26 53.16 46.18 49 .40 48.31 47.98
h 208.00 187.73 135.92 146.91 141.86 137.69
t 1.22 1.37 1.75 1.40 1.32 1.07
All DV W3 44 .32 51.49 42.65 45.39 43.69 42.77
hs 354.76 399.41 434 .82 432.71 430.86 432.43
ts 0.30 0.25 0.25 0.25 0.25 0.25
Xz 173 .48 173.48 198.88 200.91 201.17 200.15
X3 28.70 28.45 25.91 25.65 25.40 25.65

ITER 12 9 10 9 9 7
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