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1. Evolutionary Structural Optimization(ESO)

2. Bi-directional Evolutionary Structural Optimization
(BESO)

3. Michel

4. Optimal layout theory
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4. Bidirectional ESO
5. MATLAB
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Fig. 3. Optimum design displacement using linear analysis
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Fig. 5. Displacement of the optimum structure using nonlinear
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Fig. 2. Optimum topology using linear analysis

3. Solid Isotropic Material with Penalization for
intermediate densities(SIMP)
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2. Prescribed maximum volume addition ratio



\VQ-\JLA/\ A)Lo.i/v.h.h.bta)j:

ote Ol jos cwdige agh — oode aloe

9 ;rl”' Cj_lé ] eS| Ol olis lej’ Sl 0 ulz-.‘:.s\
s J_.:L?:; )‘ oalaul LJ A_LL.WA |v\_:\l| c&.}.ﬂ}&i}lwy‘ C_}.]a

WJJ%CJLLSLAM)@‘AM&&E}J}M
Sla S5 glls asls a8 Slasl 5l ol o3ls oL (V)

(Q>J§J)J4\5M}§UMGJA?MJM%MMW\L;GP-

b e 5 Jol g S5 V) S

Fig. 7. Optimum shape using linear analysis

wa;}m;FM)\eJWlbmdlédb)
Ol () JSi 53 48 a5 S 0kea csl o b o3le a5 ael g

ol ool Caws 4 Sl dgs (545 Sl oddesls

e S TONE

Fig. 8. Optimum shape using nonlinear analysis

Slag b el 5o oa Gl s s e Jod S Sl

Ol 5 e JLS e b as § )5 4 o o 5 o
3B b Gl e e AL SIS NIY S e ol
Cwd t Jo o - bl e e CVA 5 55 VA0 gl sl
5 S St e £ 1S Ans e O ) 5 ]
)sl)equ)MJlSQ\ﬁ@.@ldla;'-cjlaj):w
0l 45 a5 S0lan das o Ol Uyl 3 Jsb s e o L
e [, o 035 VA0 b e s aSe JLS llhe 555 s
Y e 4 aSe e ) s (S5 5 e (piamen o
e ol 53 SLL LSS 50 5 e Sy falS Cass e

16l

23 g S n s am STl (S oS IS 1 52

oo J8 aglie (V) Uy
Complementry
work (kJ)
Linearly designed using Bi-
directional evolutionary structural 2.175
optimization
Nonlinearly designed using Bi-
directional evolutionary structural 2.170
optimization
l[\é%r;hnearly designed using SIMP 2331

Table 1. Comparison of complementary work

o3le & disly (ot b Jilowd Y-

OLE (V) i 55 oS Gl gior (55luting 4505 ol 53
andllas 3550 amioo slad Ol ols a4 S 15 s el diedls
mdo 7S o d g domis 53 G590 S T g e o/ 1YY
sl 0l ol

db}fo)bé\jwd)\v\f)bjé)f.h:‘ﬂ‘f\)éo)F(_\)Jg.a

sk

h 4 4

A A

Fig. 6. Design domain, boundary condition, and loading for plate
with material nonlinearity

L ST St Sl SVl sla S5 slols Jbe

a5 Sl oy b ol a gl e b K 4l
5 JELlS Y S0k e 5 SIS 0 il 25 (sl
o3l o= UYL il ol (5 5 el Y sl s
b amio 5,0 5 sk s b g slad iley B LG - b s
S il slaJole sl Dl el 48 S L5 5

7Y ARpax sER (glajludo g 35, al, Ly Laosl

1. Drucker-Prager



Srdlol e daza 5 s le b

v b ot aa g laesle S35 i s il

JUL“J)U_EAdIJdJ_«)SA_ELPISMJJAQLJAM

S e ES a3l e S S bl aS

o3l 50 Sy SIS Bli O i S8 (1) IS

Fig. 9. Key points displacements along the structural boundary

sl ul L dy Slde baosle eSS (giluangs i) ¢l p
:.bjda Cwd 45 5 alslas 3

™)

Omax — Oj
L

Omax

slasliie oy 5 odd andlas 5,0 53 R0 Al Opay &S
e C adsles cpl ys sl GAIS BLE 31 S s
e dias e OLES Y Wslas syls o/eee) —o/e ) oy ol
GAIS dat a5 Ol b Lag e glldS blE O s
5 C 58 5 e S Gl 5 i Sl i AL
C S aph ey bl b0 o b GAIS BB i O
il el Ol o310 51 i lsl e Ol cs L
=S 5o 5 S Al e ST ) ke R
D yh e e ) (Sl A5l

1l 5 el el gSluagy oy Aol 5 S,
Jde Gauasll 5 pwdias Jds sl )
et s 5 e sl et sl b o
5 sl 0los 5 5,8 o3k o3 slad diile ki
3w 5y 3 G55 0355 s 4 5 35k Slil s Y
ol anlllas
Fhsw 3m 03 adey G5 L g AlS B s i alie 8
bl b s JaS Lo O a5 0
Golbrs aS Cv fsle > o cpl 53 igsluang: diljiw A
D32 d g h e SR S 5 SIS Sl
Byh e i sl
)

Omax — Omin

Cv=|

Omax + Omin

162

DL 5 o3l oz (sio 3 Ar JialS 0 o | K

(\Y)J.i_.;b Jh}ﬁ&ij_L)) n)L.wQLgﬁjx:u“M)dd

S0 Silwdiag 00 (s pd o 05l -4
ol
d)k_wd‘_...@_:” .6Lhui:_9) )l azu.';w\\{djqj 93 r‘au:’ - U'i‘ BE
d\ﬁi}]u}})&bu_}wb}ou Hx« 5 Lhc)l.wy&.:
O am ael  mi 8 Lol sdd osls Ol ot 8 Biluwe
u_ér...A)\ RGO PSS W fl_>u‘ ajl_w Lg)'l.w%jéjbw s
0l e3liul aalllas Coard 5o s3Ladde 5 e
Gl L il sl ag IS0 0,51 s 4 G ol
e (S o 55 3 5 ySB S SIS a4 A5 S s
Lol LSS (5 3lmitings s 5 5l aztls | 55
Ol Q)_gao.h Q_LLTN le_hb)Lw REE oL Lg)'LwaJL\”.;
QL_.;J Lﬁ‘\._>=::.: &:A_w\ OJ_‘JJLA.G‘ LA&:,.L_} t,‘f‘ E) )(J C\)‘}M’
)JLAJ‘M‘u\jwﬂéik{jbuu&)ﬂ‘a‘Mb&
ol 0 g A eSS de sl el IS8 (g5leangs

IES (TS PUUR PR JNPPRN Jor

sias 8IS 4 055 SI-F-)
o=l il A S L el sl plad 5y
S yh s e ki S0 POl Gl (ke g sede
Aol b G s el S0 slpe i s, ol 5 S0,
L slesbw Al 0 s o sl Gl bl JalSS
cml 3 eslial s Al e sy 4 5 S S
o=l b bl JelSS (olwang 3,05, wlie sl
LLE wojlw 5l L glas ;> Gl gl w0 oS sl
i 5 S el w8 s a3l e 555 IS
S S e Ll 3l e sas 1 S B el
sloesl sl () a1 o3l 55 5 galS bl oS >~

1. ANSYS Parametric Design Language
2 . Spline Curve



\VQ-\JLA/\ A)Lo.i/v.h.h.bta)j:

ote Ol jos cwdige agh — oode aloe

S ISLEE N 5 4 Ol o 5 KL st

dsile st e Lo gl fole ol ol s S L5 s 0/
Jsdos mlp /Y (b Jsides 5 LR Ve s 2
o)l i S= a5 lased (V) S Lol s Sl KL
Sl pwdia o & gla fole das o 0L 1 ol anllae
GHSL 0Ll s Sl 5 10775l OIS0 0L Ls Ol

.w‘anmﬁjﬁ):\' e‘ngﬁ)'bl.,\ij\/O r))

abbﬁ;j&;)b}a} (\V)Jﬁ.&
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Abstract:
Evolutionary structural optimization (ESO) is based on the simple concept of systematically removing
inefficient elements from the structure after each finite element analysis, so that the obtained design is
gradually evolved to an optimum. The bidirectional evolutionary structural optimization (BESO) method is a
new version of the ESO method in which simultaneous removing and adding elements is allowed. The
procedures of removing and adding elements are performed using various criteria. Due to the importance of
nonlinear structural analysis, in this study the BESO approach is used. The nonlinearity is assumed for the
geometry, material, and for both geometry and material. In the first example, the BESO is applied to
maximize the stiffness of a cantilever beam with a time dependent loading. The complementary work for the
optimized shapes are compared. It is concluded that using BESO results in a more optimized shape.
Optimized shapes for this case were obtained from linear and nonlinear analysis using BESO, and nonlinear
analysis using Solid Isotropic Material, with Penalization for intermediate densities (SIMP). In the next
example, BESO is applied to optimize the stiffness of a plate with the material nonlinearity. The results show
that the nonlinear analysis leads to a much stiffer design. In the third example, a cantilever beam with both
material and geometry nonlinearity is considered. The beam is also to be optimized for stiffness. The
optimized shapes are compared for linear and nonlinear analysis against the SIMP. The nonlinear analysis
with BESO also results in a stiffer design.
Furthermore, the effectiveness of ESO is proved by applying them to some shape optimization problems.
The aim is to find the best circular hole so that it possesses a lower stress concentration factor. Design
boundary has been set with some control points, and optimization process is only applied to these points. A
square plate with a circular hole at its center is optimized for minimizing the stress concentration. The
obtained results for linear and nonlinear analysis using ESO are compared with the results obtained using the
biological growth method. It is concluded that using ESO, the maximum stress concentration around the
boundary of the hole can be significantly decreased with linear analysis and the ESO is a powerful
alternative for the biological growth method. Results show that ESO has a superior capability for shape
optimization of holes in nonlinear structures, and in this case maximum stress is reduced by 28%.

Keywords: Evolutionary Structural Optimization, Nonlinear Analysis, Shape optimization, Stiffness
Maximization.
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