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Structural Optimization under Equivalent Static Loads Transformed from
Dynamic Loads Based on Displacement
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Abstract

All the loads in the real world act dynamically on structures.
to handle in analysis and design, static loads are utilized with dynamic factors.
Therefore, the static loads can cause problems in precise
An analytical method based on modal analysis has been proposed for the

generally determined based on experiences.
analysis and design.

Since dynamic loads are extremely difficult
The dynamic factors are

transformation of dynamic loads into equivalent static load sets. Equivalent static load sets are calculated to
generate an identical displacement field in a structure with that from dynamic loads at a certain time¢. The

process is derived and evaluated mathematically. The method is verified through numerical tests.
characteristics are identified to match the dynamic and the static behaviors.
direction of a dynamic load should be considered due to the vibration response.
transformed to multiple equivalent static loads according to the number of the critical times.

Various
For example, the opposite
A dynamic bad is
The places of

the equivalent static load can be different from those of the dynamic load. An optimization method is

defined to use the equivalent static loads.

The developed optimization process has the same effect as the

dynamic optimization which uses the dynamic loads directly. Standard examples are solved and the results

are discussed
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Fig. 1 Vibration of node A in ten bar truss under a
dynamic load in the vertical direction

FHAEF s b RE Af=d EAHA 28
Ue Re ¢ T it

fFraasyd o 3¢L W99 uEXNE R
FHYE= 22 WY Aol SHPANM 2 A
ol vetd £ v} Ty HHFE A =
At e QAE FOEA e ool A
o 5 AZY T3 W@ AgA 2AE

AsA o ARl Aoz He g $7
B3¢ A85E o) @ WA AiHez 2
&) $AERFE 485 Auck o THol
o -

FA4E Fohol Je FATL FAF) 4§
S ARAT s, A A wye
530 9% BARL AUz BASA Reh
Agol Utk olge WAL FEHY) NaAdE
e el FANFE BAAIE Bof u

A3,

(3) S7t"stEol MA Heeol ggo) wE
A5} | '

S7HAET S @A AAMANAY FEES W
S22RE A goltt. 1EE AU
HEA dAZE 9REE SR oA A
Hojok g}, &, 3 WrE5 Y (iteration)ol A HE A
Alell gAgte AARRT S7HR3E S Bl A
Asta ol AT gl FaAFHoF
2z ol FFHY AgHL 1ol

ojg g AN wjagdE FHII 9 @
s FPd s AAMSI 34 daA ged
t 718 S Fol d¥e dASA Fx g s
9% ¢ Uk Agdol FuE F, Add 4
W it MRS S oAl 73 e
o2 Hggvh 1 gFAHA 55 Fig 29 e

L Start l
<
Calculation of
equivalent
static loads

v

Line search
with the assumption
of
constant equivalent
static loads

v
Update the
design variables

[ End |
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function of design variables
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Fig. 3 Equivalent static loads are considered independent
from design variables during a optimization
process
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Fig. 4 A cantilever beam with a circular hollow section
and the applied dynamic load
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Table 1 The initial values and the optimum results for the cantilever beam (mm, MPa, Hz, kg)

Thickness Diameter Displacement in Frequency
t d Stress Vertical direction fi Mass
Initial vajue 2.794 353 217.48 -8.95 672 1.975
Optimum 2.54 29.97 333.17 -15.73 57.29 1.537
Case |
Optimum 2.54 30.83 314.57 -14.64 58.79 1.573
Case 2
Optimum 254 31.12 309.44 -14.28 59.29 1.586
Case 3
Optimum 2.54 32.59 283.48 -12.58 61.97 1.655
Reference [3]
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Fig. 5 A three bar truss and the applied dynamic load
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Table 2 The initial values and the optimum results for
the three bar truss (mm’, MPa, kg)

Al A2 A3 G, ©; ©3; Mass
Init. {2830 2830 2830 98 41 100 424
Opt. {1925 1000 1844 163 84 167 248
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Table 3 The initial values and the optimum results for
the two member frame (mm, MPa, Hz, kg)

t b h 0 5 fi Mass

Initial | 5 150 200 305 -40.0 27.0 160

Opt.1| 2 277 354 152 -114 493 118

Opt.2| 2 270 361 151 -11.2 497 118
%% 7%

;i

30k
=i A h

0.05sec b

i<7

Fig. 6 A two member frame with a rectangular hollow
section and the applied dynamic load
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Table 4 The optimum values for the ten bar truss (cm?,

294 - 43

Table 6 The change of the design variables (cm?)

kg) Initial value Ontimum value
dvl dv2 dv3 dv4 dvs Area(top) 64.52 88.85
Casel {864 741 1504 323 128 Area(bottom) 139.68 122.67
Case2 [1242 734 1900 219 43.0 Area(vertical) 80.65 29.04
dv6 dv7  dv8 dv9 dvi0 Mass Area(diagonal) 45.61 20.45
Casel |104.7 1062 323 323 323 1625 X3 0.00 -1.64
Case2 [102.8 1342 312 327 434 2171 Y3 0.00 3.89
* Tnitial value : dvi~dv10=161.3, mass=4759 X5 0.00 -1.79
, Y5 0.00 2.80
Table 5 Comparison of responses at optimum for the X7 0.00 -1.40
ten bar truss (MPa, cm) Y7 0.00 1.66
- - : X9 0.00 -0.79
Displacement in vertical
Stress of dv9 direction at node 3 Y9 . 0.00 0.53
CASE 1 | 5523 764 Mass(kg) 2913.57 214447
CASE 2 261.3 7.36
Y
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Fig. 9 An 18-rod truss and the applied dynamic load
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