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1. Introduction

Sandwich pands used as the externd wall cladding of indugrial and storage buildings are
conddered in this paper. Alternaive systems of wall cladding indude corrugated sheds, wall
casttes and facale panels. An advantage of sandwich pands over the above mentionad systemsiis
that they are fully prefabricated, therefore during eredion on the building site they do not need
additiond layers, either therma or waterproof, and can be ereded in al weaher conditions High
bending rigidity coupled with small weight, as well as thermal and damping properties, spe&k in
ther favour.

In this paper we are looking for pareto optimal solutionsfor multi-span sandwich pands with
polyurethane foam core (PUR) and dlightly profiled sted fadngs. The pands are subjeded to
externd load of wind and to drastic changes of temperature. It is well known in the literature tha
the interadion of loads and distortions leals to a conflict in structural optimizaion [4]. The
deeriorate influence of the temperature on the state of stress can be reducel by introdudion of
elastic suppots. Therefore, the design variables vedor referring to the pand is enhanced by suppot
stiff nesscoeficients.

The optimizaion problem is nonconvex [5], therefore we use distributed paallée
evolutionay algorithms [2]. A large numbe of condraints is introducal by the way of externd
pendty fundions To describe the structural respon of a sandwich pand we use the modified
Reisner-Mindlin plate theory. According to this theory we assume that: the materials of sted
fadngs and of the foam core are isotropic, homogeneous and linealy elastic; the fadngs are
paalle; nomal stressin the foam core is negligible (rc = 0); the shea stresses are condant in
transverse diredion (zxc = 1y,c = cong.) andthe in-plane strainsey, ey and yyy are small compared to

unity [1].

2. Problem formulation

Themaly and mechanicdly loaded multi-span sandwich pands on elastic suppots are
conddered. Mechanicd load results from wind presaure with postive or negative values and is
conddered as uniformly distributed. The thema distortions are inducel by the temperature
difference between the internd and externd facesheds (1).

1) At=t,, -t

We asaumed At = -55°C or At = -40°C (for summer) and 4t = 50°C (for winter). Both face
sheds have the same thermal expanson mefficient: ar = 0.0000121/°C.

Thedesign variables are geometric parameters describing the thicknessof the fadngs and soft
core, as well as the stiffness parameters of the elastic suppots. All design variables have the
prescribed range (box conditiong resulting from the tedhnology of produdion, trangport and
eredion. Qur objedive isto find the optimal variable vedor x

(2) X:[tp t,, D, k, kz]’

which minimizes the multi-objedive fundion F"(x, L), given by
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(3) F'(x,L)=F,+F,+F, =a,t, +t,) +a, D+a, L,

cost quality

where: t; and t, represent thethicknessof the externd andinternal facesheds, respedively, D isthe
thicknessof the soft core, k; and k; are the fiff nesscodficients of theexternd and internd suppotts
respedively and a; are coefficients which reduce the expresson o anon-dimensond form.

Theam of the optimization isto find the panel of minimum cos C=F; + F, for the maximum
span L, i.e. (min F3), and satisfying the set of condraints gi(x, L). These condraints result from
ultimate limit state conditions(shea stresss in the core, nomal or wrinkling sresses in thefadngs,
crushing of the core a suppots) and servicedility limit state conditions (displacements). The
importance of the flexural wrinkling of flat and slightly profiled sandwich pands mug be stressd
[3]. The externd pendty function method allows to change the optimization problem with
condraints into onewithoutcondraints; thusthefitnessfundion is given by

(4) W(x, L)=F"(x, L)+26i (x, L),

where Gi(x, L) is theexternd pendty fundion. The chaaderistic Pareto optimal curve of thecost C
for thespanL is presertedin Fg. 1

C[l
0,55
0,50
0453
0,40 f--=-
0,35
0,30+~
0,25 : : :

0,12 0,16 0,20 024 028 032 0,36 0,40-"[m’]
833 6,25 500 4,42 357 313 2,78 2,6Qqm]

4--1---0ab72- 2 - - -

Fig. 1. Pareto optimal solutions: cost C versus L.

Elastic suppats result in a redstribution of the value of the internd forces. We observed a
deaease of the suppat readion force andbendng momert at the internd suppat, andanincrease
of thebendng momert in span Keepng in mind tha flexura wrinkling is anextremely importart
condtion [3], the abovemertioned phenanenon improves the ultimate state of stresses in those
structures. Hence introdudion of optimally designedelastic suppats cansignificartly increase the
allowalle spars of pands.
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