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Summsry: In the optimum design of box sections stiffened by
welded longitudinal open or/end closéd ribs the Tollowing
design constraints are considered: constraint on static
stress, constraints on local buckling of plate elements Dbe-
tween the stiffeners, prescription of the minimel moment of
inertia of the stiffeners snd size constraints for the four
msin unknown dimensions. The optimel dimensions, which mini-
mize the whole cross-sectional area and fulfil the design
constraints, are computed by using the Rosenbrock direct
search msthemstical progremming method. The developed com- ,
puter progrem in BASIC enables the calculation of more struc-
tural versions and the significant decrease of the cross-
sectional area,

INTRODUCTION

In the design of Jjibs of floating cranes specisl requirements
should be fulfilled. The jib is subjected to bisxial bending
snd shear, torsion and axisl compression. The mass of jibs
should be minimized, therefore longitudinal stiffeners have
to be applied. For prsctical fabrication reasons the number
of stiffener profiles should be restricted. Open angle and
¢closed trapezoidal stiffeners may be used /Fig.l/.
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A.comguter progren has been developed at our Dzpariment con-
sidering the sbove-mentioned sign sspects. The aim of the

present paper is to give a brief deacription of this progrem.

In the optimum design procedure the optimsl dimensions are
searched by which the cross-scctionsl sres is minimized and
the design constraints are fulTilied (Farkss 1984). The ob-
jective function is the cross-sectional ares including the
gstiffenervs.

ng Lo

The design constraints express the restrictions relsati
te elements

the maximal reduced stress, local buckling of plat
between the stiffeners snd buckling of stiffenevrs.

The optimization problem is sclved by using the Rosenbrock
method (Rosenbrock 1960, Kuester and Mize 197%). This itera-
tive divect sesrch method results in optimal dimensions which
are subsequently discretized considering 2 series of discrete
velues of uninown dimensions determined Dy fabrication as-
pects (Jérmai 1934) .

The optimization progrem, developed for personal computer
Commodore 64 in PASIC makes it possible to investigate more
design versions, to make useful compsarisons snd o achieve
mass sevings of 10-30%.

Unfortunately, the new DIN 18800 atandards for stability of
steel structures, containing the newest research results, are
not aveilable yet, therefore the checks for buckling of plate
elements snd stiffeners sve performed sccording to the fol-
lowing design rules:

TEM /Fédération Europdenne de 18 Manutention/ Rules for the
design of hoisting eppliences, Paris, 1970;

DASt /Deutscher Ausschuss fUr Stahlbau/ Richtlinie 012, Beul-
sicherheitsnachweise fiur Platten, K&ln, 1978.

ORJECTIVE FUNCTION AND DESIGN CONSTRAINTS

In the objective function the whole cross-sectional srea is
considered /Fig.2/:
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where the last term expresses the cross-sectional area of
stiffeners. Fig.1l shows the two types of stiffeners, the
characteristics of the stiffeners are glven in Table 1.

The unknown dimensions to be optimized are I, tw/2, b and tfn
The value of U.8s well as the type, number, sizes and posi-
tlions of the stiffeners should be taken by the designer.
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Fig.l. Angle and trapezoidsl stiffeners

Teble 1. Charscteristics of the stiffeners considered
in the calculations /Pig.l/

Type Dimensions A o 10"61 10~6I
of S M X y
Stiff- [mm] Dnmz] [ [mnﬁ} [mm&]
ener
b xh xt
s 8" s
_Angle 120x80x5 954 89.4 1.6760 0.5338
120x80x6 113% 90.8 2.0625 0.6278

% I 4n
hleoxonLS

T“dgel 180%350x150x%5 2809 114.0 9.7726 35.299%
z0lds T
180x%350x150%6 5371 114.0  11.6715 42.3609

The constraint on static stress may be expressed as
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where 6 is the maximsl normsl stress due to bisxial bending
and compression, T is ths shesr stress due to torque and shesr
forces, Gédm 1s the edmissible stress depending on the yield

stress of steel snd the sefety factor. It should be noted that
for floating cranes, it is not necessary to check the struc-
ture for fatigue. For other types of cranes, e.g. portal 3jib

cranes, the fatigue stress constrsint should also be consid-
ered.

The constrsint on local buckling of the web snj flange plate
elements between the stiffeners, Check for the i~-th plate ele-
ment of width bi and thickness ti:
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= T4~ ex . < < 2.04€
6., 5y(1.4/4 0.677 \j@_‘v/ﬁcr) when  0.66 <G 046,
H
= ! z 2.

Gcr Gy when 6,.2 2 046&
Gy is the yield stress, T is the safety factor, Cpox @nd T
are the maximsl normsl snd shesr stresses in the i-th element,
respectively,
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E = 2.1x107 MPas is the modulus of elssticity, ?:~O.3 15 the
Poisson’s ratio. Formulae for the buckling coefficients ke

. v . N S TR N O e . - I
end ko ere given, for example, in TCL 1350%/02 /1992/ Toble 17.
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These coefficients depend on ™, = bi/L and = Gﬁin/6hex’
where L is the distance betweer the transverse diaphrepsms.

’
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the DASt Richcl’lwe 012 in the form
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Some formalae for the coefficient X are given. for example,

TGL 1350%/02 /19327 Table 21. KX depends on = 5/L and
d“ ”(b ), where AQ 13 the cross-sectionsl ares of a stiff-
)

Cler WLthJut the el Tective p]ubv art. b is the width of the
wirole stiffened pl ate fleld. I is the moment of inertis of the

cifective cross-section of a stiffener relating to the cen-
Lrodidal exis pﬂrﬁl1e] to the plate., To obisin the effective
Cross—se ﬂtL n, effective Wldtn of the plate parts st the

gtiffener should be calculsted according to the DASt Richt-

linie Cl2, Section 5.2.

it ghould be ﬂoted that, for more than two stiffeners and for

1inc Irly verying normsl stress, formulse of 3” cennot te found

in the literature. In these cases the feormulae for two stiff-

¢rers snd constant compressive normel stress may be used, but
]

this 1s & rough app imation.

Furthermore, it is worth noting thet the FEM Rules do not con~

letoiled prescriptions for checking the stiffeners as
ssed “*“d*s ad the buckling of the whole stiffened
Thg DASt Ricatlinie 012 does not consider the corr

I° P€|3u*ﬂ to the effect of initisl im\@rfeetions

&
(o)
o

()

-
R

o1
stiffencers, These zopects are mlreody wonulns red in TGL 13503
/‘ /‘\u;}/

numerical evamples of Scheer, Nilke and Gentz (1930)
ing coefficients are taken from seversal other publi-
Ir. these publications the buckling coefficients are
y in dwavﬁﬂws which is not suiteble for computers.
gners rave o meny difficulties in celeulations and,

y them, ase incorrect rough spproximstions.

vhe feollowing size constraints are considered /in mm/:

NUMERICAL EXAMPLE

In mriuﬂ to illuitrate the computations, twe versions of a
> eection ere oplinized as shown in

Y 3 q - - vy AT _ L b — 1. . 4.
Dato: btending amonents M o= 7614, M = kN, torque

- A J )
; J1% kNm, conpressive force N = 4124 kN, =hear forcas
s J1% kNm, ¢
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comparison of Optimsl versions A a7
(lObu*bQCLIOJqL d]”a the distane 2es

: 210 should be dscreas , ‘,Vau%e the con-
1s on 1 ouvalnp of plate bWDmmn+ are sctive,

lﬂ

8, the cross-sectionsl ares ol the version B with more
sngle stiffeners is less than that of version A,

Furthermore, 1t can be concluded that, in ths cases when b
or b and h are constant, the 0703°~ﬁ>ctional area 1s grester
than for the cases wnmn b and h are Iree varisbles,

CONCLUSIONS

Designers need formulse or relatively simple computer pro-
grams for all prac Llca] cases cof ﬂhﬁcPinr the buckling of
stiffened plateg snd stiffeners.

The FEM Rules /1970/ sand DASt Richtlinie 012 /1978/ do not
contsin the newest res earch resuits “ﬁ7dtlng to the effect
of initial imperfections on the buckling or stiffeners.,

In order to achleve mags savings the plate - thicknesses o1l
be decreased, To svold locsl Lackling of the web and flev
plates longitudinal stiffeners should ve uged
The elaborateqd computer Program is suitable (fop optimization
ol box \ectLun with more JonﬂiuddlnuL ribs and for selection
of the optimal structural version.

.
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