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BEHAVIOR OF A SANDWICH BEAM SUBJECTED TO BENDING
IN TERMS OF THE CORE'S SHAPE AND DENSITY

Problem of the multi-layer sandwich beams, subjected to bending, is considered in this paper. The influence of the density and shape of the
sandwich beam core on the beam behavior was studied. The two beam configurations were analyzed: the beam whose cross-section is constant
along its length and the beam with periodically varying cross-section along the length. Each of the two configurations was considered for the
two different core shapes - with the square and the circular holes. The diagrams of the beam deflection in terms of the number of the core

unit cells are presented for the two beam configurations and the two core shapes. Based on results presented in this paper, one can conclude

that in the given loading conditions, the core density, after reaching certain critical value, ceases to affect the bent sandwich beam behavior.

Comparison of the two cores shapes leads to conclusion that, in the same loading conditions, the core with the square holes provides for the

better sandwich beam's characteristics, i.e. such a beam has smaller deflection with respect to the beam with the core with the circular holes.
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1. Introduction

Light multilayer constructions and sandwich structures
were studied by numerous investigators: Allen [1] has set
the fundamentals for design and analysis of the sandwich
structures. In paper by Evans et al. [2] is presented a survey
of investigations of the metal cellular systems’ mechanical and
thermal characteristics. Brittain et al. [3] have created a new
method for manufacturing the micro plates with the truss core
and they analyzed their mechanical properties. Wicks and
Hutchinson [4] have shown that characteristics of the optimized
sandwich plates with the truss core are superior to those of plates
with the honeycomb core or the stringer-stiffened plates. Wicks
and Hutchinson [5] have further extended the previous analysis
to sandwich plates with truss core subjected to fracture straining
and combination of the bending moment and transversal force,
with restraining to buckling and plastic yielding. Valdevit et al.
[6] have dealt with the structural optimization of the sandwich
plates with the truss core. The multifunctional sandwich plates
with prismatic and truss cores were analyzed from the similar
point of view in works by Bujnak et al. [7] and Nikolic et al. [8].
The comparison of the two types of plates’ performances to plates
with honeycomb structure was performed. The estimates of the
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optimal plates’ dimensions and the minimal mass of the sandwich
plates with the prismatic and the truss cores were done.

Geometrically considered, these structures represent a result
of periodical repetition of the basic cell in one, two, or three
dimensions. The sandwich beam is an example of the periodical
repetition of a unit cell in one direction (dimension) in order to
obtain the multilayer or the sandwich structure.

Sandwich structures are found widely used in the aerospace,
automobile and construction industry, as the highly resistant
components, since they possess high stiffness and strength, as
well as very good heat conductivity and low mass. Functionality
of the sandwich beams, columns and other structural elements,
can be understood if one analyzes the geometrical and mechanical
factors affecting those elements’ behavior under loading.

The sandwich beam is viewed as the multi-layer structure
with the symmetrical cross-section. The assumption in this paper
was that the sandwich structure was formed by the periodical
repetition of a unit cell. Here is considered the influence of the
unit cell’s size, i.e. number of unit cells within structure, on static
behavior of a sandwich beam subjected to bending. The static
analysis of such a beam is done in this paper, namely the beam’s
bending stiffness and deflection are determined as a function of
the number of the core unit cells, i.e. of the core’s density. The
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analyzed sandwich beam has length L; it is clamped at one end
and free at the other where it is loaded by the transversal force
F. The two considered configurations of the sandwich beams
are shown in Figs. 1 and 2, each with two different core shapes,
for the purpose of comparison of their influence on the beam’s
behavior in the given loading conditions.

2. The considered problem definition

In Fig. 1 is shown the sandwich beam with a cross section,
which is constant along the beam’s length L. The cross section
consists of two flat plates, the beam’s faces, upper and lower, of
thickness 1 and width b. The beam’s core, of height H , is made of

(a)
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a unit cell with two square holes of size a, shown in Fig. 1(a). This
is a sandwich structure with n = 1, where n represents a number
of unit cells, i.e. the core’s density. As can be seen in Fig. 1(a),
the structure with n = 2 has eight square holes. If the structure
could be built with sufficient (arbitrary) number of holes, » could
be practically limitless (n = 00). In Fig. 1(b) is shown a sandwich
structure where the core consists of a unit cell with two circular
holes of diameter ¢ and in this case is also n = 1. The structure
with n = 2 has eight circular holes and so on, as far as the number
of holes is sufficiently big, when it is taken that n = oo.

In Fig. 2 is shown the sandwich beam with the cross section
that is periodically changing along its length. In the A-A section,
the beam has the solid cross section, while in the B-B section the
cross section has the square or the circular holes. The upper and

(b)

Fig. 1 Schematic presentation of the sandwich beams with the cross section constant along the length: (a) the core with square holes;
(b) the core with circular holes

(b)

Fig. 2 Schematic presentation of the sandwich beams with the cross section that is variable along the length: (a) the core with square holes;
(b) the core with circular holes
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the lower beam faces have the same thickness, 1 while the beam’s
core height is H . The sandwich beams have the square holes of
side a and the circular holes of diameter d; the unit cell number
is n = 1 for both beams.

The faces and cores are made of different materials, thus the
Young’s elasticity modulus and the Poisson’s ratio for the faces’
material have subscript 1, i.e. E, and v, respectively and for the
core material subscript 2, £, and v,, respectively.

The differential equation of the beam’s elastic (deflection)
line reads:

d2
BW%ZC) = M(x). (1)

where B™ is the bending stiffness, u(x) is the deflection and M(x)
is the bending moment for the cross section defined by coordinate
X.

For the beam whose cross section is constant along its length,
the bending stiffness is calculated as:

B"=>EI, )

while for the beam whose cross section is variable along its length
the bending stiffness is calculated as:

B" = (%f[ﬁdx)_l = Z<Zéﬁ>l 3)

0 !
where / is the period’s length.
For the loading conditions of beams presented in Figs. 1 and
2, the largest deflection is obtained at the beams’ free ends, i.e. for
x =L, and can be calculated as:
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For the beam configuration presented in Fig. 1(a) - the beam
with the square cross section with the square holes, which does
not vary along the beam’s length, the bending stiffness in terms of
the core’s density is obtained as:
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For the beam configuration presented in Fig. 1(b) - the beam
with the square cross section with the circular holes, which does
not vary along the beam’s length, the bending stiffness in terms of
the core’s density is obtained as:

B" =>"EI =2E I +2FE.L,
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For the beam configuration presented in Fig. 2(a) - the beam
with the square cross section with the square holes, which is
varying along the beam’s length, the bending stiffness in terms of
the core’s density is obtained as:
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For the beam configuration presented in Fig. 2(b) - the beam
with the square cross section with the circular holes, which is
varying along the beam’s length, the bending stiffness in terms of
the core’s density is obtained as:

B(") =2FE.I + Bfar;z[odi(a
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3. Results and discussion

In Fig. 3 is presented the variation of the beam’s free end’s
deflection in terms of the core’s density for the beam whose cross
section does not vary along its length, for the two shapes of the
core and the same loading conditions. Results are obtained based
on equations (4) to (6) by application of the Mathematica ®
symbolic programming routine.
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Fig. 3 Deflection of the free end of the bent sandwich beam with the
constant cross section along in terms of the core’s density n: (a) the core
with square holes; (b) the core with circular holes

From Fig. 3, one can notice that the value of the beam’s
deflection increases with the core density, while after reaching
a value of approximately » = 5 the deflection almost remains
constant.

In Fig. 4 is presented the variation of the beam’s free end’s
deflection in terms of the core’s density for the beam whose
cross section varies periodically along its length, for the two
shapes of the core and the same loading conditions. Results are
obtained based on equations (4), (7) and (8) by application of the
Mathematica® symbolic programming routine.

From Fig. 4 one can see that similarly as for the first
beams’ configurations, when the cross section is constant, the
value of the beam’s deflection increases with the core density,
while after becoming approximately n = 5 the deflection almost
remains constant. So, the conclusion is that, regardless of the
configuration, after that critical value, the increase of the core
density does not significantly influence the sandwich beam’s
behavior, if at all.

In Fig. 5 is presented variation of the bent sandwich beam
free end’s deflection in terms of the core density, for the same
configuration and for the two shapes of the core.
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Fig. 4 Deflection of the free end of the bent sandwich beam with the
periodically varying cross section in terms of the core density n: (a) the
core with square holes; (b) the core with circular holes

From Fig. 5 could be seen that, for the same loading
conditions, the beam with the square holes has smaller deflection
than the beam with the circular holes.

If the two configurations were compared with respect to the
value of the free end’s deflection, one could conclude that the
beam with the periodically varying cross section is somewhat
better than the beam whose cross section is constant along its
length, under the same loading conditions.
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Fig. 5 Deflection of the free end of the bent sandwich beam with the
cross section periodically varying along its length in terms of the core
density n for the two shapes of the core
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4. Conclusion

The influence of the shape and density of the core on
behavior of the bent sandwich beam was analyzed in this
paper. The sandwich beam was considered as the multi-layered
structure with the symmetric cross-section. It was assumed that
the sandwich structure is formed by periodical repetition of the
core’s unit cell. The attention was devoted to influence of the size
of the unit cell, i.e. the number of unit cells on behavior of the
sandwich beam subjected to bending. The static analysis of that
behavior included determination of the sandwich beam free end’s
deflection in terms of the beam’s core density.

The two configurations of the sandwich beams were
considered: with the cross-section that is constant and that is
varying along the beams length, with the two different shapes of
the core: with the square and the circular holes.

The diagrams of the beams’ free end’s deflection were
obtained for all the configurational combinations by application
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