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OPTIMAL DESIGN OF METAL STRUCTURES

Karoly 34 rma il

Optimization means finding those values of design.
variambles, subject to relevant constraints, that mini-
mize the cost or weight function., The design of a struce
cure is characterized by a set of parameters, specifying
rhe configuration of the strusture and the properties of
rhe structural members. Analytical optimization methods
generally are applicable only to simple structures. See
the grapho-numerical me +hod for a two variables problem

Fig., 1. For the optimization of complicated structural

¥

assemblies programming methods should be employed. Prog
ramming methods are also necassary if the design variabe
£

les are discrete in nature, or 17 the objective Tunction

is not available in analytical form,

The main research theme of the group "Metal struce
rures” in our department 1Is the optimal design of metal
structures. In our research work several mathematical
programming methods were adopted and applied to various
optimal design problems., For @ ample we alﬂbarat@d the
optimal design of the following structures /Fig.2..

/a/ I~ and box crosse-sectional and tubular girders
[1y 2, 3} simply supported, /b/ sandwich beams wiéh T
etal Faces |4 and with box cross-sectional faces [5ﬂ

/¢/ welded portal frames with various columns and rafter

l1, 7, 8], /d/ main girders of welded box crossesecti
of overhead travelling cranes [9] /e/ cellular plate

The aim of the present contribution is to give @

short description 6f the complex method of Box [1@] and
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FIG. 2.
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The Complex Algorithm

The algor

ithm minimd

izes
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application to the optimal design of a welded portal

the nonlinear objective function

ubjected to dnequality explicit constraints and nonlinear
inequality implicit constraints of the n dndependent and
m = n dependent variables
U < <L , ) .
X, = H, om X, i iwm l, ce. o0 d=n o+ 1, L. m,
i i i
In the first iteration cycle an original “complex” is ge -
nerated., The c@m@%ax containts k Z n + 1 feasible point
or vertices in an n = dimensional design space. It is
assumed that an initial feasible point exists,
L. U L . ; - :
xx.j ST rig /::«;i - XY /. o i=ml .., n 57 w2 ,..., K
where Xij the ith coordinate of the jth point rﬁq randon
numbers between o &« 1,
Each point is examined to see whether it satisfies the
constraints, IT not the trial

points as

explicit and the
point is moved halfvay towards

implicit

follows.,
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New | Fio T iy
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the remaining
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feasibility. The function values are evaluated at each

Once is obtained it must then be examined for

of points., The points with the worst and the best funce

tion values are determinded. The convergence oriterion
ﬁh ckeds

N P
ma x min
W
If 4t ds not fulfilled vhe worst point x,. Tor which
7y *J
£ /Xij/ = foaxe +8 rejected and replaced with a new one
-, ® ~d N
New v
N ] * w2 « 1 e s
»;,‘3 L‘(‘?f’\'lc qu‘/'v b ¢(:; . 1 7 2 o a0 Fi

”é - oy Lo

i and contrasction =

S :
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R T L T e =Y L0, Ea T
until the convergence criterion is tTultilled

IS
b}
tion number reaches its

i
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cne CombLaX
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DOMEe modgLrTications were
i

and halwing steps, o

size /k/, convergence and

“

o ol g ofs 0 . [ o e Le o i o3 .y ~
reflexion coefficie . The main modification was

0

e adoption of dis v sizes, which made the

earch more practice

2, Minimum Weight Design of Welded Plane Frames

We illustrate the application of the above described
method by the numerical example of a plane Trame, made
of welded I-section bars as shown in Fig. 3. We consider
the dimension of columns and rafters to be different. So

the number of variables is eight.

ﬂ?%
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FIG. 3.

The volume of the frame made of welded I-sections sube

jected to bending and compression should be minimized,

The objective funciion is

where Ai = h.t . o+ 2 D.t and 2. are the area andg
lenght of the i the m
e)

ints of maximum stresses in the columns and ratters are

‘

: 6 ‘ . - i = |
where 9. /y . 5 the section modulus W, . = 1i/bi?fi
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The constraints of web and flange buckling steels of
rensile strenth 3270 MPa may be expressed as I
G, |
, .
h, . ”:z.j@; ?) b
4 3 3 A o .
st = 145 £ s o 7 T = .,50 . gk 32
b s g o . .
Wi v 173/ G& & )= L .
i/ Py, V
i
T - @ R eroTs reyen et TR ary “ R aate) T4/ mo rum
fhe computer program was written in Fortran 1V anc run
on computer CDC 3300 and ODRA
Concerning compul it was
found, that e around 2 n /187,
e b ’, =y bl 3 R . 3, o
the pest va to 1,7 and toe 0est
values of Parameters and fTinal
values are rec runs.
. k. ¢ . b. £, T b, T . =3 CPU
koo b 1 Fwl Pro Mtz twz T2 iR Volo U Lioo
LA
14 1,3 Hoo B40 4,5 280 Lo GZo 5 1lo 2 22,7082 111,8
16 1,3 1280 Goo 5 Zoo 13 BGo 5,5 1l70 8 z,7602 106,58
ig 1,3 600 620 5,5 2oo 13 B30 5,0 170 7 2,7625 114,06

%, Comparison ©

1. Dimensions in mm an
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ktrack Programming Method
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For the ch

aracterization of the complex method

it
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is useful to compare it with other methods, We have
solved several optimum design problems with the
cktrack programming method, This method was found to

be effective and easily manageable [SQ 7] . Using

discrete variables the complex programming method may

¢ 3 2 P

be compared to the backtrack one. The eight wva

solved by the backiracik method too.

Taster thay the back

e CPUY  time of

FY. o ¢ by g,
backtrack’s one,

o g oy
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the aavanitage
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The method has been demonstrated to be

worth on a common stiructural engineering problem,

results obtained form spplication of the algorithm was

compared with those obtained by the backirack programming

TR R

method,
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