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Abstract. The paper concerns the problem of static analysis of a deep-profiled sandwich
panel. Equilibrium conditions in the form of differential equations are discussed. The solu-
tiohs to example problems are given taking into account boundary conditions. The effects
of transversal load and thermal excitations are presented and discussed.

Introduction

Sandwich pancls are commonly used in many branches of industry. This type of
structures is made of three layers: two external, thin and relatively rigid steel fac-
ings and a thick, but light and {lexible core. The lacings can be flat or deep-
profiled. Sandwich structures are very attractive because of their high load-bearing
capacity at low self-weight and excellent thermal insulation. This type of structures
requires taking into account various aspects of structural behaviour, like the shear
flexibility of the core, influence of thermal actions and diverse failure mechanisms.

A wide varicty of problems concerning sandwich pancls was presented by
Zenkert | 1] and Davies |2]. The papers also present the problem of the mechanical
behaviour of {lat and deep-profiled sandwich panels. The engineering aspects of
the structural response of (lat pancls were presented in [3]. The paper analyses the
mathematical relations of the solution of differential equations. The modern point
of view on the process of the design and analysis of the structures was presented in
|4]. The mathematical optimization of sandwich structures taking into account var-
ious houndary conditions was discussed in [3].

Despite the great importance of sandwich structures, ignorance ol the principles
of mechanics leads o many misunderstandings or cven mistakes in design and
usage. The authors present the praoblem of the mechanical analysis of deep-profiled
sandwich panels. The issue is described by using two differential equations. The
class of equations and form of the solution influence the internal force and stress
distribution.
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Term Bg represents the bending stiltness ol the facings with respect to the global
centre line ol the sandwich panel, wherecas Br; and Bg: are the bending stilfness of
the upper and lower facings with respect to their own centre lines.

Integrating twice Egs. (1)-(2) and using differential relations M =V, V' = —gq,
the lollowing constitutive cquations arc obtained:
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Terms M and V denote the bending moment and the shear force, respectively. [t is
worth noticing that Equations (4) and (5) are only useful in the case of statically
determined systems because the moment and shear force lunctions should be
known.

Taking into account the assumptions concerning sandwich element deformation
[12, 13], the bending moment and shear {oree can be divided into three parts:
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where Mg and Vs correspond to the pure “sandwich™ effect and the terms with sub-

script £1 and F2 denote the forces which are taken over by the external facings.
Introducing the span of beam L and non-dimensional quantitics:
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differential equations (4) and (5) can be written as:
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The solution of the problem has the lorm:
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where ¢ = v/L. Bending moment M and shear force V can be divided into:
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The stresses are calculated using (13) and (14). The displacements, internal
forces and extreme stresses are presented in Figures 4 and 5. The geometrical and

mechanical parameters vused in the example
panels, namely: width of panel b =

[.Om,

correspond to typical roof sandwich
span L = 6.0m, ¢ = 85.3 mm,
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4. Influence of thermal action

Let us consider the same simply supported sandwich panel, subjected to thermal
action. Temperature diticrence AT = 7> — 7 between the internal and external faces
triggers initial (constant) curvature &

o1, — oyl

o= (30)

54

where ¢ 1s the distance between the centroids of the faces and &, o are the thermal
expansion coefficients of the respective faces. [n the case of panels with flat faces,
this kind ol excitation results only in displacements (maximum dellection OL18)
and does not cause internal (orces. [n the case of a pancl with deep-profiled
faces, bending moments and shear force appear within the structure. Using
differential equations (11), (12), arbitrary solutions (17), (18) and boundary condi-
tions (19), (20), knowing that ¢ = 0, V= (}, M = 0, we obtain the displacement func-
tions:
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and internal forces:
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Conclusions

The presented analysis shows that the structural behaviour of deep-profiled
sandwich panels is much more difficult than panels with flat facings. The total
bending moment s divided into parts which correspond to the sandwich ellect and
bending stilTness ot the laces. It results in very high stress in deep-proliled faces.
T'his fact is even more important in multi-span panels where high stresses lead to
vielding of the face at the internal supports.

In the case ol a simply supparted structure, thermal excitation results in relative-
ly high displacements and very low forces and stresses. Nevertheless, the distribu-
tion of the quantities seems to be very interesting. The final stresses depend on the
complicated relations hbetween the bending and shear stiffnesses ol the pancel. In the
cnd. very olten engincering intuition fails. The proper analysis ol deep-profiled
sandwich panels is crucial (o ensure serviceability ol the structures.
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