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ABSTRACT
The mein sims snd phases of economic design of welded
profiles are summsrized. The economy of optimal
sections is illustrated by a numericsl exsmple.
The mein optimum design characteristics of following
structures are glven centrally and eccentrlcally

eldex bostectlons subgected to bendlng and shear,
T‘falongltudlnelly stiffened box sectlons subJected to
varlous loadlngs. ' S R A

Economié'welded profiles ray result in elgnlflcdnt savings
in mass, cost and energy. Series of economic welded profiles csn
be computed by using optimum design techniques. In the optimum
design procedure an cptimum solutiorn should be gearched which
rinimizes the objective /cost or mess/ function and satisfies
the design constfaints.

The cptimum de sign procedure /structursl s"nth681s/ coresistes
of the following three main phesec: /1/ Preperstion: election
of meterisls, prcfiles, type of structure, procduction teckro]ogy,
/2/ Msthematicsl minimization of the objective furction with
lulfllment of" the design ronotlclntu, /%/ BEvslustion: desgign alds,

serlies of optimsl prafiles, compzretive stucies, rules of ecoromic
design.
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NjAt the Departmen_
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The mein types of structures are as follows: centrally com-

pressed struts, eccentrically compressed besm-columns, planar and
spatisl trusses, statically determinate beams subjected to bending
end shear, staticslly indeterminste continuous girders and frames,
stiffened, cellulsr or sandwich plates and shells, prestressed,
poeumatic and cable structures.

The following types of profiles may be used: rolled, cold-
formed, welded open snd closed thin-wslled sections, circular or
rectanguler hollow sections, large welded I- and box sections
stiffened with longitudinal snd vertical ribs and diaphragnms,
extruded sluminium profiles.

Selection of materisls: weldsble structursl steels of higher

tensile strength, sluminium-alloys, composites /fibre reinforced
plaestics/ can be used in modern structures.

Metal structures play an important role in different indus-
tries. Some important a kppllcatlons are as follows: cranes, ships,

vehicles, storsge tenks and rocks, silos, pressure vessels, pipe-
lines, belt conveyor bridges, maechine tool structures /e.g. press
frames, manlpulators, mountlng desks/, 1ndustrlal bulldlngs,'

i

towers, eted

There are:m ny‘mathematlcal function-minimizstion methods.

*Materlals Handllng Equlpmknts of ‘the" Techn

Univ. Miskolc we ‘have elaborsted computer programs for some
mathemsatical prgrsmming methods, e.g. the comtinstorisl discrete
tacktrack method, the Box- and Rosenbrock-method, the dynamic
progremring method. Most of optimel series were computed by using
backtrack method on e CDC %300 computer in Fortran. Since 198%
we have used zlso personal computers Commodore VC 64 in Basic.
Discrete methods esre importent for the optimum design of
plated steel structures, because designers should epply the
Talricated series of profiles or plate thicknesses.
The main sims of economic design are es follows:

/1/ to coumpute optimsl series of profiles which may serve
85 design aids for complex structures;

/2/ to reduce the mass snd cost by using higher strength
Steels insteud of stecel Fe %60 of yield stress 23%% MPa;
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/3/" to use more detailed and reslistic cost functions sas
objective functions.

In order to illustrate the mass savings which may be
achieved by optimal series, consider a simple welded I-besm

subjected predominently to bending. The required section modulus
is W = 4,5.106 mmz. According to the Hungarian Standsrd MS7
323-79 for welded I-beams the suitable section hss the following
dimensions in mm: web 800.10, flanges 240‘20j cross-sectional
area A = 17200 mmz, section modulus W = 4,566, lO6mm3. By using
formulae of optimum design [3, 4] , with 2 limiting slenderness
ratia for web 1/ = 145 end flange 1/d = 30, the optimum
height of web is hopt = 4i"€ﬂﬁ75 993, rounded 1000 mm. The web
thickness is tw =pBh = 7 mm, and the dimensions of flagges are
280.12 mm. The cross-sectional srea is Apsp T 13720 mm®. Thus,
by using the optimum section, 25% mass ‘savings may be achieved.
The optimal section has two more advantages: /1/ the web thick-
ness 1is smaller, so smaller longitudinsl fillet welds are needed,
 from ber

‘uent of»1nertLa is 20%. greater, 50 the deformatlons
dlng Wlll b& smaller.i» R .

\ffThé use of hlgher strength steels may result in 81gn1flcant
"mass snd cost sav1ngs. In some cases, when dlsplacement or fatigue
constralnts are actlve the appllcatlon of higher strength steels
is uneconomical. Thus, detsiled research should be performed for
each case to predict the attaimsble savings in mass or cost.

The main parts of costs are the materisl and production

costs. The minimum mass design does not take into sccount the
production costs. The difference between the structures designed
for minimum mass or cost, respectively, may be significant.
In the cese of welded structures, welding costs may affect the
totel cost /e.g. stiffened plates/. Thus, the welding costs
should be considered in economic design. This is more difTicult
than the minimum mass design, because the welding costs have
many components, vary in time and depend on many factors.

In the following the main cases studied by our research
group are descrlbed by chertu contalnlng the most important |
dats.
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1. Optimsal series of'square hollow sections for centrally

compressed struts and eccentrically compressed beam-columns

F o L F 7= t
B| - b
. e LE B t
B
| L l
I L a) b)

Types of sections: /a/ cold- flnlshed, accordlng to
- IS0/DIS 4019 2 /1979/ r = 2t
/b/ welded - e

Data. force F, length Ly eccentrlclty e_4
L =0 25b 0, 50b 0 , 75D, b L ' _
material: structural steel of various yield stress

/235, 355, 450, 690 MPa/
Unknown dimensions to be optimized: /8/ B, t; /b/ b, t

j

Objective function: cross- sectional srea

Design constreints: global snd locsel buckling

Design method: developed at Univ. of Liege

Mothematicsl minimization method: backtruck

Computer: CDC 3300

banguage: Fortran

Application: minimum. moss design of trusses in the cose of
stress constraints

Roterences: (1, (07, (5], (471, (51, (0]
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2. Optimal series of welded I-sections subjected to tending |
and compression - !

t Data: bending moment M :

= - f compressive force N é
_ 100 M ‘t

= S !

Ru ho ]

h it

t |

w _Nh Y
n————‘ 11

2 M {

| ® et 3 —‘Lt %
f ~ limiting stress %

R = 200 MPa ¢

‘ b ! : u j
h_ = 1000 mm '

O !

*Materialz steel of yield stress 235 M?a
- Unknown dlmen51ons to be optlmlzed h t b, t

/2/ web buckllng P

Pl
1+ 173 (6'N/6M)

B2 145

/3/'flangé buckling b/tfs

G, = W/&; 6 = MM ; A =ht +2bt; A= bt

£ Ar £

A, =ht,; W= h(Af + 4 /6)

Mathematicsl method: bscktrack

Cecmputer: CDC 3300

Language: Fortran.

Results: tables of optimel dimensions for some given volues
4 of m and n b

Application: minimum msss desipgn of frames with clress
constreintsc

References: (1], (37, (4] | ¢
554




S U S SN ] - -
i D . e e e,

.

I s EE L o RRER L PRV IR
SN . T el i

=

et o e e S £ A ) S i Qs B G apet

A

e e p <

%, Optimal series of welded box sections subjected to bending

sand shesr
Data: bending moment M
3 tf shear force Q
_ 100 M
w 3
R h
h u a
tw  tw ‘
2 2 q = Qh ho
2M
¢ I —t Iimiting stress
R Ru = 200 MPs
F‘ b ‘{ ho = 1000 mm

Material:z steel of yield stress 235 MPa
Unknown dimensions to be optlmlzed h, t /2 b, tf
Objective functlon Ccross- sectlonal area

De81gn constralnt§ /l/-stress VSZ Ru

yv/2/ web buckllng

1+ 3@/6,)°

= 145\

1+ 2o(f/em)2 |

/3/ flange buckling  b/t,% 30
/4/ web thickness limitation tw/?E:B mm
/5/ welding technology tfz<3,7tw/2

hot bt

O = W TE:"@; » Wy :[ S "Eiaﬁif)% Ef:l{“

2 f
Mathematical method: backtrack
Computer: CDC 3300, 1language: Fortran
Results: tables of optimal dimensions for some given values

of m and q
Application: minimum mass design of staticelly determinate
and indeterminate continuous girders

Rererences: (1}, (3], (4]
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4. Optimal series of welded, longitudinslly stiffened box

|
'
)

sections subjected to bisxisl bending and transverse
wheel load !
Data: bending moments j
l"]ﬁ _JL t M and M '
f X Yy ‘
: .% ‘ transverse wheel {
+—1 F-i 17 load ¢
{
4 1
h References: @J ,[7] {
t
tw2 twi ¢
¢
1
+
g
lﬁgﬁf f  §

Materisl: steels 6f'yield stress R.y = 235 and 355 MPs
hybrid structure: webs of Ry f-235, flanges
of Ry = 355 MPa

Unknown dimensions to be optimized: h, twl’ tw2’ b, tf
Objective function: cross-sectionsl area, neglecting the

stiffeners sand the rsil
Design constrsints: /1/ static stress f
/2/ fatigue

. - . -4
3/ local btuckling of webs i

e e W AT

/4/ locsl buckling of flange
Design method: sccording to BS 2573 /1%%%/ and BS 5400: Part
5: 1982 3
Mathematical method: bscktrsck
Computer: CDC 3300, lsngusge: Fortrsan .
Application: minimum msss design of overhesd travelling i

. . o . :"d
cranes with two m2in girders of Loy section f
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f 5. Optimal series of welded, longitudinally stiffened
| trapezoidal box sections subjected ta biaxial bending
\ .
, and transverse wheel load

b by 1

i p |

Data: bending moments
i B MX and M&
) transverse wheel
} loed '
g
References: (9], [10]
g
Y2

© Unknown dimensions to be optimized: B, %, by, Doy tey tey

Objective function: cross-sectional area neglecting the
stiffeners and the rail

Eh
it
!
3

l.

)
1t Design constraints: /1/ static stress
¥ /2/ fatigue

H /%/ local buckling of webs
/4/ local buckling of flange
Design method: according to BS 2573 /198%/ and BS 5400:
Part 3 /1982/
Mathematical method: Rosenbrock /constrained/
Computer: Commodore VC 64, language: Basic
Application: minimum mass design of overhead travelling

cranes with one main girder of box section

i iy ey .
e T g P 35 B A A g i
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6. Optimum design of welded, longitudinslly stiffened box

sections subjected to bisxisl bending, compression,
shear and torsion

Dsta: bending moments

—t¢

L
=
ll

compressive force

shesr force

=1 -E=q torque

L J
[ 1

Msterisl: steel ‘of yield stress 235 MPa
Unknown dimensions to be optimized: h, tw’ b,”tf and
stiffener dimensions
Objective function: cross-sectional srea includihg stiffeners
Design constraints: /1/ stress
/2/ local buckling of plates
/3/ buckling of stiffeners
/4/ upper and lower size limits
Design method: according to DIN 4114 end DASt Richtlinie 012
Mathemstical method: Rosenbtrock /constrasined/
Computer: Commodore VC 64, language: Bssic
Applicetion: optimum design of main girders of crane Jibs
for floatinggand portal cranes
Reference: [10] ‘
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