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Structural Optimization based on Equivalent Static Load

for Structure under Dynamic Load
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ABSTRACT

Due to difficulty of considering dynamic load in side of a computer resource and computing time,

it is common that external load is assumed as ideal static load. However, structural analysis under

static load cannot guarantee the safety of structural design. Recently, the systematic method to con-

struct equivalent static load from the given dynamic load has been proposed. Previous study has cal-

culated equivalent static load through the optimization procedure under displacement constraints. And

previously reported works to distribute equivalent static load were based on ad hoc methods.

However, it is appropriate to take into account the stress constraint for the safety design. Moreover,

the improper selection of loading position may results in unreliable structural design. The present

study proposes the methodology to optimize an equivalent static which distributed on the primary

DOFs, DOFs of the constraint elements, DOF of an external load as positions. In conclusion, the re-

liability of proposed method is demonstrated through a global optimization.
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Table 1 Condition of optimization for ESL

*Obj. Fn. : min. f24fi4...+f

* Constraint : ¢ <o), (f}, forr s f,) < wic
i=1,2,,m
w,=12~15
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Fig.2 Configuration of a truss structure under
dynamic loading and analysis condition

SgES )

S
o
Y
rlr

sl W

FalloF s FEe Aol sz, ¥ oAl
AME Faks shAelA 7t Attt ArfgHo] B
Aok 2459 $Yate THRdoR AASS
th. Fig32 FHujggo] MAse aash Hu&d
A HolFa gk Ao FH gle 84
7k ZF 25l A HdgEo] RSk gl 8w
F 15709 827F AAERIH Fig3old 99 As
de B S0l AdHoR wA AdEe A&
& 5 Qlrh o] dIe aEstel AUy MY &
2 FolA AHer & $ES Yehie 117
820 SHRAS T/HsE A43E 3T o
TEHER R RIS

ARE FERAE WEAE S E T
37 AsiA= s REAE AE A

AaloF ). S7MsE EXE YAE FiglolA A
BE A TR AA aFeR FHE, 1 dds
Fig4ol Fo14 gtk ad SAES Tk, 74
24 84 AE, e ARER A=,
FAE AR7IE El S0 FARE, S
8229 AL 6070, 2-8ke A= 2707 A
Atk Ae FHHE AR 7] wiEel HEH
SR 109709] AHrt F7Hgsks w2 AAE A
AHAS. FE2AY SEE £ AATE 24
5%, Table 29 HAsks Taf 7 AHfieolre] &

7HgskEol AEd.

Elem No  Max Stress (MPa)

103 -12.97

104 13.84
105 11.98
106 -13.40
109 12.49
118 6.17
128 8.89
134 5.03
167 -6.04
169 -7.20
186 11.90
225 12.11
279 735
289 -10.37
291 -9.79

Fig.3 Constraint elements and the maximum stress of
each element

Table 2 Condition of optimization for ESL in the truss
structure

109

min. 3} f;

i=1

* Obj. Fn. :

* Constraint ¢, : —15.56 < 0" (f}, fpr- 1 f109) <— 12.97
o 1384< 0" (fy, £y ns frge) < 16.60

ay: o 834 (f), for - figg) < 10.08

Figdv 7} AHoA Axte 57H48l%S BoFa
Atk Zh S7HEsS Av)ol wlEste gk Aol
Er1skelen, =8 A FAA] S/
e UERId S7HEsES AR A, A
7] Eatzel FuuEE XA THE F skEgkel
APE AT WA, Fig3olA Add) shdke] AA%
ARY, IFAAE FIEE s B A

A

o b B ol



© EgEEel dudes A AEe & 4
k. olRe ArIGe] Agahs T o 7
22 AN §Y A WAsA Hed, ol
Age] g gold me p2Ad Foe AAx
A ARl AN A4 ek, mrebd, g
QAY S AAED SAE A9AQ FEL ¥
selA) Qriehs FEE S2o] wAe] weld,

B
odal

AV
i
§

‘

"

AV Ay
AVRIAVITA)

—
K

v

AVLANY
%

12N,

<

NS,
29,

F,=2648.F,= 181.3
F,=239

7
A

A

¥\
X

2
JAY

Pra

AN
NS
L2

i
N

Da

N
S
2N\

£,
JAv

i

oY
=

Fig.4 Distribution of ESL(unit : N)
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Table 3 Condition of structural optimization

« Obj. Fn. : min. M=Ym, (n=174)
i=1

* Variable(n7): A,, Ay, A, (Initial value = 1.25x107 )
* Range(n?) : 0625x10° <4, < 1.875x10°

i=1~n

* Constraint(MPa) o/ < 15.0, (j=103, 104, ---,302)
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Table 4 Stress condition at the constraint elements
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