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Izvod

Razmatran je pristup optimizaciji preseka U profila
tankozidne konzole izlozene ogranicenom uvijanju. Za
zadata opterecenja, materijal i geometrijske karakteristike,
problem je redukovan na odredivanje minimalne mase, tj.
odredivanje minimalne povrsine poprecnog preseka tanko-
zidnog U profila konzole. Zbog toga je za funkciju cilja
odabrana povrsina poprecnog preseka nosaca. Izabrani
kriterijum je ogranicena deformacija, odnosno dozvoljeni
ugao uvijanja i ugao uvijanja za jedinicu duzine. Primenom
metode Lagranzovog mnozitelja izvedena je jednacina
Cetvrtog stepena Cija reSenja predstavijaju optimalne
odnose dimenzija poprecnog preseka izabranog profila.
Dobijeni rezultati su iskoriséeni pri numerickom proracunu
primenom metode konacnih elemenata.

UvVOD

Uticaj ograni¢enog uvijanja se moze na¢i u mnogim kon-
strukcijama. Njene posledice su narocito izrazene u slucaju
tankozidnih profila, u zavisnosti od vrste opterecenja i od
nacina njihovog dejstva. Ponasanje tankozidnih greda i
Stapova je specificno i zbog toga je njihova optimizacija
poseban problem. U toku procesa projektovanja konstruk-
cije, osim zahtevanih dimenzija koje je se moraju obezbe-
diti za pojedine delove konstrukcije da bi ona nosila zadato
optereéenje, veoma je vazno odrediti i optimalne veli¢ine
dimenzija popreénog preseka. Jedan od cesto koris¢enih
oblika popre¢nih preseka, narocito u ¢elicnim konstrukcija-
ma, je poprecni presek oblika U profila.
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Abstract

An approach to the optimization of a channel section in
a thin-wall cantilever beam subjected to constrained
torsion is considered. For given loads, material and geo-
metry the problem is reduced to determination of minimal
mass, i.e. minimal cross-section area of the thin-wall
channel section of cantilever beam. That is why the cross
sectional area is chosen to be the objective function. The
selected criterion is strain constraint, i.e. the allowable
angle of twist and the allowable angle of twist per unit
length. By applying the Lagrange multiplier method, an
equation of the fourth order is derived with solutions
representing optimal ratios of cross section dimensions of
chosen profile. The obtained results are used for numerical
calculations applying the finite element method.

INTRODUCTION

The effect of constrained torsion can be found in many
structures. Its consequences are particularly evident in the
case of thin-wall sections, depending on loading cases and
on the way they are introduced. The behaviour of thin-wall
beams and bars is specific, such that their optimization is a
particular problem. During the process of structural design,
in addition to the required dimensions which must be met
for particular structural parts in order to carry the applied
loads, it is also very important to find optimal dimensions
of cross sections. An example of regularly used types of
cross sections, particularly in steel structures, is the channel
section (U profile).
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DEFINICIJA PROBLEMA

Razmatrana konzola (sl. 1a) izlozena je ogranicenom
uvijanju jer je jedan njen kraj uklesten, a drugi, slobodan
kraj, optere¢en koncentrisanim momentom uvijanja M*.
Pretpostavlja se da poprecni presek (sl. 1b) ima pojaseve
jednakih Sirina b, = b5 i debljina ¢, = #;. Cilj ovog rada je
odredivanje minimalne mase nosaca ili, drugim refima,
odredivanje minimalne povrsine popreénog preseka nosaca,

4= Amin (1)
za zadato opterecenje, materijal i geometrijske karakteristike.
U razmatranom problemu se povr§ina poprecnog preseka

smatra funkcijom cilja. Sa sl. Ib je jasno da je povrSina
posmatranog tankozidnog profila

A=Ybi, i=123 )

gde je b; Sirina, a f; debljina delova posmatranog poprecnog
preseka.

M*

5 1

P\

Slika la. Prosta greda izlozena ograni¢enom uvijanju
Figure 1a. Cantilever beam subjected to constrained torsion.

OGRANICENJA

U izvedenom proraunu je uzeta u obzir samo ograni-
¢ena deformacija. Odnos

z =b2/bl 3)

predstavlja optimalni odnos dimenzija posmatranog poprec-
nog preseka.

Ogranicenja deformacija
Razmatrana ograni¢ena deformacija je iskazana kao doz-
voljeni ugao uvijanja i dozvoljeni ugao uvijanja za jedinicu
duzine (relativni), koji su oznaceni sa 6, i 6, .
Savojno-uvojna karakteristika tankozidnog poprecnog
preseka /2, 4/ je data izrazom

k = /GI,/E](U
gde su:

— I, - torziona konstanta,

— I, - sektorski moment inercije,
— E - modul elasti¢nosti, i

— G - modul klizanja.

4)
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DEFINITION OF THE PROBLEM

The considered cantilever beam (Fig. 1a) is subjected to
constrained torsion since its one end is fixed and the other,
free end, is loaded by concentrated torque M*. The cross
section (Fig. 1b) is supposed to have flanges of equal
widths and thicknesses b, = b3, t; = £;. The aim of the paper
is to determine the minimal mass of the beam or, in other
words, to find the minimal cross-section area,

4= Amin
for applied load, material and geometrical properties.
In the considered problem the cross section area will be

treated as an objective function. It is obvious from Fig. 1b
that the area of the considered thin-wall channel is

A=Yhbt, =123 )

where b; are the widths and ¢ the thicknesses of parts of the
considered cross section.

(1

Slika 1b. Poprec¢ni presek U profila
Figure 1b. Channel cross section.

CONSTRAINTS

Only strain constraints are taken into account in the
performed calculations. The ratio

z= bz/bl 3)

represents the optimal ratio of dimensions for the consid-
ered cross section.

Strain constraints

The considered strain constraint is expressed as the
allowable angle of twist and allowable angle of twist per
unit length, denoted by 6, and 6, , respectively.

The flexural-torsional cross section characteristic /2, 4/ is
given by the expression

k = [GI,]EI,

“)
where:

— I, - torsion constant,

— I, - sectorial moment of inertia,

— E - modulus of elasticity, and
— G - shear modulus.
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Dozvoljeni ugao uvijanja

U slucaju da se dozvoljeni ugao uvijanja 6y (< Gpax)
smatra ograni¢enjem, funkcija ograniéenja 6(I) se moze
napisati u obliku /2, 4/

M*l tanh &/
6. . =0()= 1- <6 5
max ( ) G[t ( kl j 0 ( )
ili u obliku
GIkl

=kl — tanh kI — <
2 l M 6 <0 (6)
gde su:
/ —raspon (sl. 1a),
M* — moment uvijanja,
k — savojno-uvojna karakteristika.

Dozvoljeni relativni ugao uvijanja

U slucaju kada se ograni¢enjem smatra dozvoljeni rela-
tivni ugao uvijanja 6, , funkcija ograni¢enja se moze napi-
sati u obliku /2, 4/

*

M 1
0  =0'()=—1|1- <6 7
e Q Glt( coshklj 0 ™
ili
GI
1) =coshkl(1—9' ij—lSO (8)
2 (e

METODA LAGRANZOVOG MNOZITELJA

Metoda Lagranzovog mnozitelja /1, 3, 5-9/ predstavlja
klasi¢an pristup optimizaciji ograni¢enja. Lagranzov mnozi-
telj, oznacen sa A, predstavlja meru promene funkcije cilja s
obzirom na ograni¢enje. Primenom ove metode na vektor
koji zavisi od dva parametra b;, (i = 1, 2), izveden je sistem
jednacina u obliku ¢(b;)) =0 (i =1, 2),

%(A-i—ﬂ(p)zo, i=12 ©)

Nakon eliminacije mnozitelja A, dobija se

09 G409 i, ii-1j=2). (10)
ob, b, ob, o,

ANALITICKI PRISTUP

Uvojna konstanta i sektorski moment inercije za razma-
trani poprecni presek dati su izrazima /2, 4/

s 3
I = b (2+y2) (11)
1 5. 3+2pz
I, =—bbit, — 12
o 12 1924 6+l//Z ( )
gde je
w=t/t (13)

odnos debljina rebra i pojasa popre¢nog preseka.

Za razmatrani slucaj, gde je presek U profila predmet
optimizacije, jedn. [10] se redukuje na jedn. [14]. Dobijena
je jednacina Cetvrtog stepena i njena reSenja predstavljaju
optimalne odnose dimenzija popre¢nog preseka:

INTEGRITET I VEK KONSTRUKCIJA
Vol. 6, br. 3 (2006), str. 121-128

Allowable angle of twist

In the case when the allowable angle of twist 6o (< Gax)
is taken as the constraint, the constraint function &) can be
written in the form /2, 4/

M*l tanh &/
o =0(]) = 1- <6, 5

max ( ) Glt ( kl j 0 ( )

or in the form
GLkl
=kl —tanhkl ———0, <0 (6)
2} IV, 0

where:
/ —beam length,
M* — torque,

k — flexural-torsional characteristic.

Allowable angle of twist per unit length

If the allowable angle of twist per unit length 6, is taken
as the constraint, the constraint function can be written in
the form /2, 4/

*

M 1
0  =00)=—|1- <6 7
fmax ) GI,( coshklj 0 ™
or
GI
= cosh kl|1- 6] ij—lSO 8
%) ( OM ®

LAGRANGE MULTIPLIER METHOD

Lagrange Multiplier Method /1, 3, 5-9/ is the classical
approach to constraint optimization. The Lagrange multi-
plier designated as A, measures the change of objective func-
tion with respect to constraint. By applying this method to
the vector depending on two parameters b;, (i = 1, 2), the sys-
tem of equations is derived in the form ¢(b;)) =0 (i =1, 2),

%(AJr/%ga):O, i=12 ©)

By eliminating the multiplier 4, the form is obtained
04 0p _ 04 o9 (i#ji=1,7=2). (10
ob; ob; b, ob
ANALYTICAL APPROACH

The torsion constant and sectorial moment of inertia for
the considered channel section are given by equations /2, 4/

_l3 3
I = b (2+y2) (11)
1 5., 3+2pz
=—bbt,— 12
w 12 1924 6+I/IZ ( )
where
l//:lz/tl (13)

is the ratio of web and flange thicknesses in the cross section.
In the considered case, when the channel section is the
object of optimization, Eq. [10] is reduced to Eq. [14]. The
equation of the fourth order is formed with solutions that
represent optimal ratios of cross sectional dimensions:

STRUCTURAL INTEGRITY AND LIFE
Vol. 6, No 3 (2006), pp. 121-128



Optimizacija tankozidih konstrukcionih elemenata...

Optimization of a thin-wall beam channel section...

ez =0 (14)

gde su koeficijenti ¢; dati izrazima [15] ako je ograniCenje
dozvoljeni ugao uvijanja:

CO=72,
2
-1
¢ =6y|T+3w—6—L |,
R R | K tanh® &
kl — tanh kl

2
2 2 y- -1
¢ =y |[13+3y? +30— 2 |,
2= v | K tanh® W

"kl — tanh Kl

(15)

y’ -1
| K tanh? k1|
kl — tanh k/

c = —4!//3 1+41//2 +

€y = -3y,

i, ako je ograniCenje relativni dozvoljeni ugao uvijanja,
izrazima [16]:

002_72,
2
__ NP Al B
G ==y T4 =6 |
1 — cosh kI

2
v -1
kl tanh kI |’ (16)

1 — cosh kI

¢, =y’ |13+ 3y +30

y’ -1
K tanh A |’

1 - cosh kI

c :41//3 1+4l//2+

cy = 3y/6.
Rezultati dobijeni analitickim pristupom

U daljem tekstu su uvedene sledeée oznake

2 2
_ o -1 oyt -1
D e DT W i {17
" ki - tanh kI 1 - cosh kI

Proracun je izveden za konzolnu gredu izabranog prese-
ka, duzine 0,25 < /< 200 cm. Vrednosti &/ su izraunate
koris¢enjem podataka za standardne profile, za odnos [13]
w=0,5; 0,75; 1. Rezultati za odnos [3], z= b,/b;, dobijeni
koris¢enjem jedn. [10] su dati u tabelama 1 i 2. Rezultati su
graficki prikazani na sl. 2a i 2b.
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> ¢z =0, (14)

where coefficients ¢; are given in the form [15] for the
constraint in the form of allowable angle of twist:

60272,
2
-1
¢ =6y|T+3pr—6—L |,
R R |_ K tanh” &
kl — tanh kl

2
2 2 yo -1
¢, =t |13+3p% +30— XL~
2= v 1 ki tanh? kI

"kl — tanh kI

, (15

y’ -1
| K tanh? k1|
kI — tanh k/

C =—41//3 l+41//2 +

€y = -3y°

and if the allowable angle of twist per unit length is the

constraint, in the form [16]:
CO = _72 N

-6 &
kl tanh kI |’
1 — cosh &l

o =-6y|7 +3l//2

2
v -1
kl tanh kIl |’ (16)

1 — cosh kI

¢, =y |13+ 3y +30

y’ -1
kl tanh &l |’

1 - cosh kI

G :4!//3 1+41//2+

cy = 31//6.
Results obtained by analytical approach

In the following text new expressions are introduced

2 2
I 72t SR S e |
S T T v
ki - tanh kI 1 - cosh k/

The calculation is made for cantilever beam of chosen
section of length 0.25 < /<200 cm. Values k/ are calculated
using data for standard sections and the ratio [13] is taken
as w=0.5; 0.75; 1. Results for ratios [3], z = by/b;,0btained
from Egs. [10] are given in Tables 1 and 2. The results are
presented graphically in Figs. 2a and 2b.
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Tabela 1. Ograni¢enje — dozvoljeni ugao uvijanja 6,
v 1 0,75 0,5

D| 0 |0,2210,35/0,58[1,33]0,38| 0,6 | 1 2,27
z]1,72(2,29(2,14|1,90|1,35(3,4412,99(2,39]1,41

Tabela 2. Ograni¢enje — dozvoljeni relativni ugao uvijanja 6,
vl 1 0,75 0,5

D;| 0 ]0,2210,35/0,58(2,88[0,38]/0,6 | 1 [4,93
z [1,72]2,2812,14]1,90(0,793,43|2,99(2,39|0,74

e y=1
-= ==y =0.75

| T (ST NI NI N T T T T

Table 1. Constraint — allowable angle of twist 6,.
1 0.75 0.5

7
D| 0 [0.22]0.35/0.58{1.33]0.38/ 0.6 | 1 |2.27
z|1.72]2.29]2.14]1.90|1.35(3.44(2.99|2.39|1.41

Table 2. Constraint — allowable angle of twist for unit length 6,

vl 1 0.75 0.5
D] 0 J0.22]0.35[0.58]2.88]0.38] 0.6 | 1 [4.93
z [1.72]2.28]2.14]1.90]0.79]3.43[2.99]2.39]0.74

34] - o y=1
3'2*_ -y =075
3.04 |
28]

2.6 ]

24 ]

—
[
() *
=
-

Slika 2. Optimalni odnos z za: a) 6,; b) 6,
Figure 2. Optimal ratios z for: a) 6,; b) 6,’.

Na osnovu tab. 2 1 3 i sl. 2 moze se zakljuciti da ako
vrednosti  opadaju (odnosno, vrednosti D i D; rastu),
vrednosti z opadaju. Na osnovu izvedenog proracuna defi-
nisana su podrucja optimalnih vrednosti dimenzija razma-
tranog profila konzole:

* za ograni¢enje — dozvoljeni ugao uvijanja 6,:
—y=1=D=0=z=const. = 1,72
-w=0,75=022<D<133=229>2z>1,35
- w=05=038<D<227=344>2z>141.

« za ogranienje —dozvoljeni relativni ugao uvijanja 6, :
—wy=1=D;=0=z=const. = 1,72
-w=0,75=0,22<D;<288=228>2z>0,79
-w=05=038<D;<493=343>22>0,74.

PRIMENA METODE KONACNIH ELEMENATA

Dobijene optimalne veli¢ine z primenjene su za nume-
ricki proracun metodom konacnih elemenata (MKE) koris-
¢enjem programa KOMIPS, /10, 11/.

Metoda konac¢nih elemenata je primenjena na konzolu
poprecnog preseka U profila, duzine /= 100 cm, ukljestenu
na jednom, a na drugom, slobodnom kraju, opterecenu kon-
centrisanim momentom uvijanja M = 10 kNcm, (sl. 3).

INTEGRITET I VEK KONSTRUKCIJA
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It is possible to conclude based on Tables 2 and 3, and
Fig. 2, that when values of y decrease (i.e. values of D i D,
increase) the value of z decreases. Based on the performed
calculation, the regions of optimal dimensional values of
the considered cantilever beam profile are defined:

« for constraint — allowable angle of twist 6,:
—y=1=D=0=z=const. =1.72
—w=0.75=022<D<133=229>22>1.35
—w=05=038<D<227=344>z>141.

« for constraint — allowable angle of twist for unit length 6, :
—y=1=D;=0=z=const. = 1.72
-wy=0.75=022<D,;<2.88=2282220.79
-w=05=038<D,<493=3432z20.74.

APPLICATION OF FINITE ELEMENT METHOD

The obtained optimal values for z are applied in the nu-
merical calculation performed by finite element method
(FEM) using the software KOMIPS, /10, 11/.

The finite element method is applied on the channel
cross section of cantilever beam of length /= 100 cm, fixed
on one end, and on the other free end loaded by concen-
trated torsion moment M = 10 kNcm, (Fig. 3).

STRUCTURAL INTEGRITY AND LIFE
Vol. 6, No 3 (2006), pp. 121-128



Optimizacija tankozidih konstrukcionih elemenata...

Optimization of a thin-wall beam channel section...

Slika 3. Konzola popreénog preseka U profila — srednja povrs, opterecenje, oslonci
Figure 3. Cantilever beam of channel cross-section — mid surface, load, supports.

Rezultati dobijeni primenom MKE

Kao primer numeri¢kog prora¢una razmatran je poprecni
presek standardnog profila U 10 (JUS C.B3.131). Problem
je razmatran na Cetiri nacina:

a) Pocetne dimenzije zadatog poprec¢nog preseka profila U 10
SW: Dipocemo = 4,7 €M, bapocemo = 9,15 cm, ¢, = 0,85 cm, £, =
0,6 cm. Ove vrednosti daju pocetni 0dnos z,eeemo = 1,95.
Za pocetne vrednosti ¢, i f,, na osnovu izraza izvedenih u
ovom radu, dobijen je optimalan odnos z,imaime = 2,34.

b) Optimalne dimenzije poprecnog preseka bigprimamo 1
boprimaino SU dobijene izjednacavanjem pocetnih i optimal-
nih povrSina (Apecemo = Aoptimaino) 1 KoriS¢enjem izraCunatih
optimalnih vrednosti z,pimamo = 2,34 (optimalni model br. 1).

c) Optimalne dimenzije popre¢nog preseka bigpimaino 1
baopiimaino dobijene su uz pretpostavku da je bigpsimaino =
bipocemo 1 koriS€enjem izracunatog optimalnog odnosa
Zoptimalno = 2,34 (optimalni model br. 2).

d) Optimalne dimenzije poprecnog preseka biopimaimo 1
broprimaino dobijene su uz pretpostavku da je bagprimaine =
bopocemo 1 koriS€enjem izracunatog optimalnog odnosa
Zoptimaino = 2,34 (3to predstavlja optimalni model br. 3).

Za svaki model izraCunate su veli¢ine povrsina poprec-
nog preseka, a rezultati su dati u tab. 3.

Results obtained by FEM

As an example of numerical calculation, a standard
channel cross-section U 10 (JUS C.B3.131) is considered.
The problem is analyzed in four different ways:

a) Initial dimensions of channel cross-section U 10 are:
blinitial = 47 cm, bZinitial = 0.15 cm, = 0.85 cm, =
0.6 cm. These values produce initial ratio of z;,;;,, = 1.95.
For initial values #, and #, the optimal relation z,imq =
2.34 is obtained from expressions derived in this paper.

b) Optimal dimensions of the cross section bipima and
byopimar are obtained by equalizing initial and optimal
areas (Aiitiat =Aopimar) and by using calculated optimal
values z,mqa = 2.34 (optimal model No. 1).

c¢) Optimal dimensions of cross section by ypimar AN D2gpimar
are obtained assuming byopsima = Diimiiw @and by using cal-
culated optimal ratio z,,ma = 2.34 (optimal model No. 2).

d) Optimal dimensions of cross section bigpimar aNd bagprimar
are obtained assuming b;opima = bainiiar and by using the
calculated optimal ratio Zzyyma = 2.34 (optimal model
No. 3).

For each model the cross section area is calculated and
results are given in Table 3.

Tabela 3. PovrSine poprecnog preseka
Table 3. Cross section areas.

Model Model z A (cm?)

Pocetni Initial 1.95 13.49
Optimalni br. 1 Optimal No. 1 2.34 13.49
Optimalni br. 2 Optimal No. 2 2.34 14.59
Optimalni br. 3 Optimal No. 3 2.34 12.14

Primenjuju¢i MKE, izrac¢unata su pomeranja na slobod-
nom kraju konzole razmatranog poprecnog preseka, duzine
70 cm (sl. 4), i sradunat je relativni ugao uvijanja 6, . Dobi-
jeni rezultati dati su u tab. 4.

Radi provere dobijenih rezultata izraCunata je vrednost
relativnog ugla uvijanja i primenom analitiCkog pristupa.

INTEGRITET I VEK KONSTRUKCIJA
Vol. 6, br. 3 (2006), str. 121-128

By applying FEM, displacements of the free-end canti-
lever beam of considered cross-section, length /= 70 cm
(Fig. 4) and angle of twist per unit length 6, are calculated.
The obtained results are given in Table 4.

The value of allowable angle of twist per unit length is
also calculated by analytical approach.
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b)

Slika. 4. Pomeranja slobodnog kraja konzole (f,.x = 0,334 cm): a) pogled u izometriji; b) xy—ravan
Figure 4. Displacements of cantilever beam free-end (f;,., = 0.334 cm): a) isometric view; b) xy—plane.

Tabela 4. Relativni ugao uvijanja 6,
Table 4. Angle of twist per unit length 6, .

Model Model 6, (%m) 6, (m) -u odnosu na masu (with respect to the mass)
Pocetni Initial 2.68 2.68

Optimalni br. 1 Optimal No. 1 2.25 2.25

Optimalni br. 2 Optimal No. 2 1.79 1.93

Optimalni br. 3 Optimal No. 3 2.68 2.4

Rezultati dobijeni primenom programa KOMIPS odgo-
varaju rezultatima dobijenim analitickim putem za pocetni
model za duzinu 70 em: 6, e = 2,64 %, a 6, kowps =
2,68 %m, tab. 4.

ZAKLJUCAK

U ovom radu je dat pristup optimizaciji tankozidnih kon-
zola poprecnog preseka U profila primenom metode La-
granzovog mnozitelja. Birajuci povrSinu popre¢nog preseka
za funkciju cilja, a ogranicenje deformacije za funkciju
ogranicenja, odredeni su optimalni odnosi pojedinih delova
poprecnog preseka (rebra i pojasa). Proracun je prvo izve-
den analitickim putem, a zatim su dobijeni rezultati iskoris-
¢eni u proracunu primenom MKE.

Na osnovu dobijenih rezultata [15, 16] moZze se videti da
postoje izvesne razlike u koeficijentima ¢; izraCunatim
koris¢enjem kriterijuma 6, ili 6,, i uoeno je minimalno
neslaganje rezultata dobijenih za veli¢inu z. Optimalne veli-
¢ine z dobijene koriS¢enjem kriterijuma 6, su nesto vece
nego vrednosti dobijene preko kriterijuma 6, (tab. 1 i 2).

Rezultati dobijeni primenom MKE pokazuju da pocetni i
optimalni model br. 3 (koji ima minimalnu masu) — tab. 4,
imaju isti relativni ugao uvijanja 6,. Pocetni i optimalni
model br. 1 imaju iste mase, ali je optimalni model br. 1
bolji, jer je vrednost njegovog relativnog ugla uvijanja 6,
manja. Optimalni model br. 2 ima najmanju vrednost 6, , ali
je to model sa najve¢com masom. Ovo je najbolji model s
obzirom na ograni¢enje deformacije, ali je isto tako i sa
najve¢om masom. Optimalni model br.3 ima najmanju
masu i isti ugao €, kao i poletni model. Prevedeno na
indeks mase, svi optimalni modeli su bolji od pocetnih.
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Results obtained by applying the KOMIPS programme
correspond to analytically obtained values for the initial
model of 70 cm length: 6, wapiicar = 2.64 M, 6, korps =
2.68 %m, Table 4.

CONCLUSION

This paper presents an approach to the optimization of
thin-walled cantilever beams of open channel cross-section
using the Lagrange multiplier method. Choosing the cross
section area as the objective function and strain constraint
as the constraint function, optimal ratios of individual cross
section parts (webs and flanges) are determined. Analytical
calculation is made first and the obtained results are used
for calculations applying FEM.

Based on the obtained results [15, 16] it can be seen that
some differences exist between coefficients ¢;, calculated
using criteria 6, or 6, " and minimum disagreement is
observed between obtained values for z. Optimal values z
obtained by using criterion 6, are slightly higher than
values obtained by the @, criterion (Tables 1 and 2).

Results obtained by FEM show that initial and optimal
model no. 3 (with minimal mass) — Table 4, have the same
angle of twist per unit length @, . Initial and optimal model
no. 1 have the same mass, but optimal model no. 1 is better
since the angles of twist per unit length 6, have lower
values. Optimal model No. 2 has the lowest value of 6, ' but
this is the optimal model with the highest mass. This model
is the best regarding strain constraint, but is also with the
highest mass. Optimal model No. 3 has minimal mass and
the same 6, as the initial model. In terms of mass index, all
optimal models are better than initial ones.
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Optimizacija tankozidih konstrukcionih elemenata...

Optimization of a thin-wall beam channel section...

Na osnovu predlozenog postupka optimizacije moguce je

izraCunati optimalne odnose pojedinih delova razmatranog
tankozidnog profil na jednostavan nacin.
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