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Size Optimization Design Based on Maximum Stiffness
for Structures
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Abstract

This study presents a structural design optimizing sizes of high-rise steel plane truss members by
maximizing stiffness subjected to given volume constraints. The sizing optimum design is evaluated by
using a well-known optimality criteria (OC) of gradient-based optimization methods. In typical size
optimization methods, truss structures are optimized with respect to minimum weight with constraints
on the value of some displacement and on the member stresses. The proposed method is an inversed
size optimization process in comparisons with the typical size optimization methods since it maximizes
stiffness associated with stresses or displacements subjected to volume constraints related to weight.
The inversed approach is another alternative to classical size optimization methods in order to optimize
members’ sizes in truss structures. Numerical applications of a round shape steel pipe truss structure

are studied to verify that the proposed maximum stiffness—based size optimization design is suitable for

optimally developing truss members’s sizes.

» Keyword : Size optimization design, High-rise truss, Maximum stiffness, Volume

constraints, Optimality criteria
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Fig 1. Algorithm for maximum stiffness-based size optimization design
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Fig 2. Design model (truss)
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Table 1 Input data of truss element
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Table 2 Comparison between stiffness and maximum
displacement of optimized truss structure

A Rz o

ATt ST (cm) 100

Urle] EHPAIS E; (GPa) 210

315 P (kN) 50
Ayt 2| igkx| V- (em®) 5,000
sy 2o Mekx| W (em®) 15,000

954,000~2,226,000
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12.68
15.66
18.96
21.87
23.83

221

954,000 |0.1737|439.985 |0.2122| 384.190 | 22.17
1,113,000 |0.2027 | 377.130 |0.2633| 318.071 | 29.90
1,272,000 |0.2317| 329.989 |0.3154 | 267.437 | 36.12
1,431,000 |0.2606 | 293.324 |0.3636 | 229.170 | 39.52
1,590,000 |0.2896 | 263.991 |0.4035|201.077 | 39.33
1,749,000 |0.3185 | 239.992 |0.4214 | 186.941 | 32.31
1,908,000 |0.3475|219.993 |0.4272 | 182.053 | 22.94 | 17.25
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Fig 3. An increasing rate of stiffness and a decreasing
rate of maximum displacement for optimized truss
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3 ZAel 521 M eto| 1,749,000cm® &
Table 3 Convergence history for objective function and design variables (total volume condition=1,749,000cm®)

=

SHat4o AAHSel FHOIY

BExEsE M| viem) | Wlom) | Velem) | Valem®) | Vslem®) | Velem®) | Wilem® | Velem?) | Velom?)
Step 1 0.3185 11287.7 112357 108394 10340.4 10330.2 10313.1 101732 10168.6 10158.8
Step 2 0.3548 11790.8 11668.0 107364 %HbH.8 95730 9538.7 92229 R12.7 91912
Step 3 0.3891 134234 13190.6 11430.3 9357.6 93168 9256.0 87003 8682.6 8645.1
Step 4 0.3993 15000 15000 124146 R74.8 R135 91231 82995 82733 8218.1
Step 17 0.4206 15000 15000 15000 13265.5 128232 12210.8 6494.0 63196 59%61.6
Step 18 0.4210 15000 15000 15000 137%4.3 132782 12619.0 64472 6259.3 58744
Step 19 0.4213 15000 15000 15000 14215.0 13706.5 13001.7 63865 61856 57746
Step 20 0.4214 15000 15000 15000 14598.7 14060.9 13314.3 62915 60785 5644.0

E 4 ZAel Z=23 X efo| 1,908000cm® & o =

SHao AAHSel $FHO|Y

Table 4 Convergence history for objective function and design variables (total volume condition=1,908,000cm?

FE&Z3E M| viem) | Voemd) | Viemd) | Valem?) | Vslem®) | Velem®) | Videm®) | Velem®) | Velem?)
Step 1 0.3475 123536 12296.7 11863.0 11316.8 113057 112889 111338 112288 11118.0
Step 2 0.3848 132752 131386 121006 10829.5 10804.0 10765.7 10412.8 10401.5 103774
Step 3 0.4077 149846 147422 129102 107164 106728 10607.7 10011.2 091 9517
Step 4 0.4136 15000 15000 13977.3 107689 107053 10611.2 9749.8 97222 9664.2
Step 17 0.4266 15000 15000 15000 145297 141512 13611.2 8558.2 8400.2 80725
Step 18 0.4268 15000 15000 15000 149125 145085 13931.5 8523.6 83%4.7 8004.8
Step 19 0.4270 15000 15000 15000 15000 148742 14250.8 84R.3 8313.0 7940.8
Step 20 0.4272 15000 15000 15000 15000 15000 146026 8460.8 8278.8 7883.8
E 5 FXEE Adzpo 5823 Mool 1,749000cm® & mf Ed Aol A& x|$AA Zo
Table 5 Optimized result of truss (total volume condition=1,749,000cm®)
B HE 2| & oo H(cm?) KSTE elsize .
V4 150.000 2558.8%9.0 :
Vo 150.000 26558.8x9.0
V3 106.082 @406.4x9.0
V4 145,987 @406.4x12.0
Vs 140.609 2508.0%9.0 ‘
Vs 94.161 21355.6x9.0
\ 62.915 Q067.4x80 \
Ve 60.785 516560 \\\\
Vg 39.915 @190.7x80
E 6 TEE Ayzpol £23 Mol 1,908,000cm® U mf Ez{Aol XA xHMAH Zo
Table 6 Optimized result of truss (total volume condition=1,908,000cm°)
2x HE EEIEEEIRS) KSTE aiziet
Vi 150.000 26558.8x9.0
Vo 150.000 26558.8x9.0
V3 106.082 @406.4x9.0
Vy 150.000 26558.8x9.0
Vs 150.000 26558.8x9.0
Vs 146.026 @406.4x12.0
\ 84.698 (21355.6x8.0
Vg 82.788 (21355.6x8.0
Vg 55.755 Q67 4x7.0
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