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Abstract. The paper concerns a problem of static response of multi-span sandwich pancls.
The effects of transversal load and thermal actions arc compared. The influence of material
parameters on the sandwich behaviour is discussed. The examples illustrate practical
approach to the preblem of optimal design.

Introduction

Sandwich pancls arc commonly used in civil engineering as cladding clements.
These panels are made of three layers: two external, thin and relatively rigid steel
facings and thick, but light and flexible core (polyurethane, mineral wool, expand-
¢d and extruded polystyrene). The facings can be (lat, micro-proliled or decp-
profiled. The sandwich structures are very attractive {or engincers because ol
a high load-bearing capacity at low self-weight, excellent thermal insulation, short
time of erection and possibility of cconomical mass production. From the other
point of view, such type ol structure requires taking into account many apects of
structural behaviour of’ sandwiches: various (ailure mechanisms, cssential role of
temperature actions, influence ol creep, shear flexibility of the core and high sus-
ceptible to local instability of compressed faces.

The consistent theory decribing sandwich structure behaviour was originally
published by Allen [1] and Plantema [2]. The approach was broadened and rear-
ranged by Stamm in |3]. These publications gave the background to the current
standard EN 14509 [L1]. A wide variety of problems concerning sandwich panels
with particular atfention 1o engincering applications was presented by Zenkert [4]
and Davies |5]. The importance of stress concentration and complex interactions
between facings and core parts was underlined by Frostig |6]. The stress concentra-
tion leads 1o debonding and local instability of the sandwich. The paper [7] takes
into account these phenomenon in the static analysis ol continuous sandwich
beams. Reliable analysis of any structure is connected with proper estimation of
material parameters of the structure. The influence of material selection on the
structural response was presented in [8]. Various failure mechanisms of sandwich
structures and the possibility of mass production and market demands extort opti-
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mal design [rom engineers. Thercfore, the relation between stress conditions and
dillerent latlure modes is considered [9]. On the other hand, the producers are in-
terested in structures which provide minimal cost of production and maximal range
of applications | 10].

In spite of the great importance of sandwich pancls (taking into account univer-
sality of applications, costs of investments in the civil enigeenering industry,
increase of production etc.), unfamiliarity with specific behaviour of the panels
leads to misunderstandings or even mistakes in production, design and usage.
The Authors make an attempt to present the most important solutions ol static sys-
tems and the comparison of different actions® effects. The influence of variations in
material and mechanical parameters on the structural response are discussed.
‘T'he discussion about safety factors and practical hints for optimal design is pre-
sented.

1. Sandwich panel theory

This paper discuses multi-span panels with parallel facings and a soft core. The
madel of the three-span panel is shown in Figure 1.
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Fig. . Muli-span sandwich panel loaded mechanically (¢7) and thermally (AT =7, - 7})

In case of uniformly distributed loading and thermal actions, the Timoshenko
beam theory generalized to sandwich sections is used [1-3]. In case of load or sup-
port conditions which demand 2-D description, the Reissner plate theory can be
applied. 1t is assumed that the strains are small and materials are isotropic, homo-
geneous and linearly elastic. Because the Young modulus of the foam core is much
lower than of the steel faces (about 50,000 times), the normal stress in the foam
core 18 negligible (6,0= o= (}). Therelore, the shear stresses in the core are con-
stant along Lransverse axis 7 (T,.c = Tge = consL.).

The cross sectional equilibrium condition tor panels with thick or deep-profiled
faccs can be writlen in the form of (wo uncoupled difterential equations (1). (2), lor
vertical displacement w and (or shear strain y [3]:
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where w and y are the functions ol the position coordinate x. The Ge-and A+ denote
shear modulus and cross-sectional area of the core, ¢ is the distributed transverse
load and ¢/ is an initial curvature induced by a temperature difference AT =7,- 7).
Becausce the bending stiffness of the core is negligible, the total bending stiltness ol
pancl B consists ol three parts:

B=Bg +Br,+ 8 (3)

‘I'he term By represents the bending stiffness of the facings with respect to the glob-
al centre line of the sandwich panel, whereas B, and 8, are the bending stiffness
ol the upper and lower {acings with respect to their own centre lines.

In case of panels with flat and slightly profiled facings the By, and B,- are neg-
ligible, 8 = By and the equilibrium conditions (1), (2) change into (4), (5):

»
wh =4 __ 9 (4)
By GeAc
=4 (5)
GeAc

Integrating twice (4), (5) and using differential equations M'=Q, Q' = —g, the
constitutive equations (6), (7) arc obtained:

M =8, -(—w—0) (6)
Q=GCGcAc -y (7)

The terms M and Q denote the bending moment and shear force, respectively. [n
order to solve the problem, the influence of temperature is usually analysed sepa-
rately:

”

wr =-46. vy =0 (8)
and the displacement w is divided into two parts w = wy + W which refer to the
bending and shear effect, respectively. Because w" = ¥ it follows to:

” ’

M=-Bewy . Q=GCGeAe wo (9)

The bending and stresses in flat faces and shear stresses in the core are calculated
using (cf. [11]):
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where ¢, A;y and A,- denote distance between centroids of faces, cross-sectional
area of the external (upper) and interanal (lower) face, respectively.

In case ol deep-proliled panels, the bending stilfness of faces must be taken into
account and the bending moment and shear force are divided into parts which refer
to each part of the panel (core, upper face, lower face). It results in the fact that
even in the case of simply supported one-span panels, the structure is statically
undetermined. The respective equations which allow static calculations lor deep-
proliled panels are given in detail in [3].

2. The effect of shear deformation

2.1. The example of one-span, hang-over beam

The shear deformation influences the structural response. The importance or
cven unpredictabilty of the elfect can be observed in the example of the flat sand-
wich pancl loaded by the concentrated foree P (Fig. 2).
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Fig. 2. The shear deformahle structure loaded by concentrated force |4

The displacement {unction wy, which relers (o the bending effect, has the typi-
cal form

4 2 P, P52 L L
Bowy (x)=§191; —T)L'x+?)x3—§1’- [-\'— 3] «D(-\ - 3}+
3
E- x—iL - P x—iL (12)
18 3 3

where the @ is the Heaviside function and v is the position coordinate. The predic-
tion of wy, which refers to shear deformation, is not so intuitive (Fig. 3):
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lind the conditions, when lor the respective system the bending moment in span M,
is cqual to the moment at the support Mg (1o the absolute valuc). It happens when:

V2

k=——-—=0457] for 2-span panel (13)

2 4
k=—1++2=04142 for 3-span panel (16)
Tuble |

Bending momenis for one-, iwo- and three-span pancels [11]

. Bending mament Bending moment
System . = . =
- in (end) span () at internal support (Mp)
Single span of £.. gl i
uniform load ¢ g
Two equal spans of L. gL’ /I ] gl 1
uniform load ¢ ] [ L+ 4) | & |+ 4
4
Three equal spans of L., al: /.I | ‘|: 3 gl
unilorm load ¢ gL s+ 10+ 44

Please note that the bending moments attain the same values lor two- and three-
span systems if & = 0.5. This is presented in the last column of Table 2. The bend-
ing moment at the internal support is lower (to the absolute value) for 3-span sys-
tems than for 2-span ones when & > (.5, The same relation is valid for thermal ac-
Lions.

Table 2
Bending momenis [or onc-, iwo- and three-span pancls (or different values of &
System Bending | _ g 4142 £=0.4571 k=05
maoment
Two equal spans of L. M, +O.OR4T gl +HIORST9 41 +0.08680 g1
ilorm load ; ; :
IR M, 008839 gL | 008579 gL® | —0.08333 4L
Three equal spans of L., M, +0.08579 gL’ +0.08630 ¢L* +0.08680 4L
uniform load ¢ - 3 - 3 T
M, —0.08579 ¢L* — 008454 4L* —0.08333 ¢L*

It is worth noticing that extreme bending moment resulting from thermal action
is attained at the internal support. [ence, the optimization of the structure is com-
bined with the minimization of the moment M.

Figure 4 shows a graph of the values of & as a function of L for various depths
of pancl D. The following parameters were assumced: thickness of steel laces
t = 0.0005 m, Young modulus of steel £= 210 GPa and shear modulus of the core
Ge=3.5 MPa.
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