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A pogbudkling pah for a conicd shdl unde compressve radia presaire is ungable one It
meansthat lossof stability of a shell can be associated with a snap-through,which can lead to very
large defledionsand finaly, to destruction of astructure

A standad problem of structural optimization unde stability congraintsis usudly formulated
as maximization of the ingability load for a prescribed volume of a design element. Very often a
standad optima structure has undable pogbudkling behaviour and it is very sendtive to
impefedions That is weaknessof the design and it indicates tha the combination of geometricdly
nonlinea andysis with the design bemmes necessry, espedally from the pradicd point of view.
Pogbudkling congraints of a spedal form added to formulation of the optimizaion problem permit
to modify the pogbudkling pah and the stable postbudkling path can be creaed, even in the case of
undable behaviour of areferencestructure.

The effed of modification of the pogbudkling behaviour in mog cases has bean obtained by
changing sizing variables, which are usudly dimensons of the design elements. This type of
problems were conddered, for example, by Bochenek [1, 2]. In this pgper an aternative concept is
applied, namely stabilizaion of the podbudkling path is obtained by applicaion of additiond
loadings ading on a shell without changing of a shape and sizes of the optimized structure. These
loadings can beeither adive forces applied to a structure or passve ones (readionsof the additional
suppots), or both adive and pasve forces ading smultaneoudy. Such problems, for finite-degree
of-freedom of rod system that modds the behaviour of a red shdl structure, was conddered by
Bochenek and Kruzeledi [3]. On the othe hand Kruzeleki and Krél [4] examined the red
cylindiicd shdls with different geometricd parameters wheress Kruzeledki and Trybuta [5]
investigated such shells unde twisting moment. These papes showed tha axial loadings can
stabilize an initialy ungable pogcriticd pah.

In this paper stabilization of a pogbudkling path for a simply suppoted (diff erent variants of
suppots are consdered) truncaed conicd shell unde radial compressve presaure is formulated as
a cetain modified nonstandad problem of optimizaion. From mentionad above types of
stabilizing loadings only an adive axial forceisinvestigated here. Calculationsare performed usng
ANSY S codefor dastic shdls of different length, thicknessand and semi-vertex angle.

The problem of optimization is stated as follows. The minimum vaue of the axia load N,
which leadsto the stable behaviour of a shdl islooked for

Minimize N
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where f denotes a displacement of a wall of a shdl. The displacanent f“ refers to the horizontal
inflexion point at the equili brium path, Fig.1. The above conditionsleal to elimination of the sngp-
throughand findly, one obtains the stable pogbuckling path even the origind equilibrium pah is
undable one It is shown in Fig.1, where the thick line refers the stable equilibrium path unde the
minimum axia load N. This formulation of the optimizaion problem contains only one design
variable N and two congraints, which are imposed on the pogbudkling state. They ensure the stable
behaviour of the cylindricd shdl under externd presaure. A condition of a congant volume of the
structure is automaticdly fulfill ed becaise that formulation does not take into acount modificaion
of the shdl geometry.

(f%N)=0



36th Solid Mechanics Conference, Gak, Sept. 9—12, 2008 331

Fig.1. Equilibrium pathsfor N=0 and N£0

Calculations were performed for a semi-vertex ange from 5 to 45 degrees, three diff erent
length and thickness of a shdl assuming only elastic deformations The numericd andysis showed
that the adive forces can improve the resistance of theradially compressed truncded conicd shdls
agang budkling. Thecriticd presaure for elastic shdls unde additiond axia loading can be much
highe in comparison with a structure loaded by externd presaure only. The adive force can
stabilizetheinitially ungable pogbudkling path for elastic shells unde externd presaure. Then, the
optimal shdls do notlose thar gability at al.
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Fig.2. Equilibrium pahsfor the shdl with mi—:}ertex angeequdsto 15, R,/L=2, hRy=0.005

In Fig.2 the pogbudkling paths are presented for the shdl with semi-vertex ange equds to
15°, Ry/L=2 h/Ry=0.005 where Ry means the mean value of the shdl radius The podbudkling
pahs are shown in dimensonless coordinaes: p/p., w/h, where p.; denotes the criticd presaure
(maximum presaure a the equilibrium pah for N=0) and w stands for the maximum radia
displacenent. As a measure of applied adive forcewe took s=0,/0, , where o,denotes the axia

stress g, =N/A. The dash lines (1) represent the pogsbudling path for s=0, the line (2)

correspondsto the adive force, which stabilizes the pogbudling path and theline (3) is conneted
with the adive forces, which is larger than the minimal stabilizing one
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