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Abstract

The paper presents the problem of static structuebbvior of sandwich panels at the supports. Tarelg have a soft core and
correspond to typical structures applied in civigmeering. To analyze the problem, five differ@D numerical models were
created. The results were compared in the contegb@ compression and stress redistributibne numerical solutions verify
methods of evaluating the capacity of the sandarhel that are known from the literature.
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1. Introduction

In the paper, sandwich panels are considered, wdunobist
of two thin external steel facings and a thick aoft core. Such
elements are commonly used in the building induségause of
high load-bearing capacity at low self-weight andetlent
thermal insulation. Undoubted advantages of sartt\pinels
arise from their structure. Unfortunately, the maemplex
structure is characterized by more complex behati@n in the
case of homogeneous elements. Different failureenaén be
distinguished: face yielding, global and local &islity,
debonding, shear and indentation of the core. Tétaildd list
of possible defects is presented in [1]. From &tgral point of
view, the most important phenomenon is the locstaibility of
facings, but the local core crushing seems the wtiffstult for
a correct description. The difficulty arises, amantgers, from
the heterogeneity of the core, its anisotropy, aod-linear
behavior during compression and tension.

The most popular cores of sandwich panels are nohde
polyurethane foam. This type of material has bespeatedly
tested and described in the literature [2, 3]. Whepiece of
foam is compressed, the stress-strain curve sHuws tegions
[4]. At low strains, the foam deforms in a linedastic way;
then there is a plateau region with a nearly constaess; and
finally, there is a densification. The walls of loédr foam can
collapse by different mechanisms: elastic bucklipgstic
yielding or brittle crushing. Laboratory tests awgried out in
order to recognize the behavior of the materialylethane
foam test results aimed at multi-axial yield bebavare
presented in [5, 6].

foam model was applied in [8] to simulate the ostatic
indentation of the sandwich panel.

The aim of the paper is the application and conspariof
different numerical models to the problem of cooenpression
at sandwich panel supports. The advanced hypédrelast
crushable foam models of the core material wilapplied. The
results will be compared with more classical cduottie
relations, such as isotropic, orthotropic elastichmbined with
classical plasticity or Hill's condition of plastig. The classical
models were used in [9]. The numerical solutionsusth be
compared with the full-scale, real experiments.

2. Description of the problem

To analyze the problem of core compression and
degradation at the supports, two systems presémtéid. 1 are
studied. In the case of the one-span system, thhewmaupport
of a widthLs=0.04 m is located on the right-hand side. In the
case of the two-span system, the support interetiare
observed at the intermediate support which has viidth
Ls=0.08 m. The numerical models are 3-D and thpatip are
located at the bottom of the sandwich panel. Betwten
considered supports and the facing of the panefacarto-
surface contact was introduced. The width of theepas
B = 1.0 m. The basic results were obtained for #meephaving
the total depthD =0.100 m (the thickness of both facings
t- =0.00056 m and the core thicknesk =0.099 m). The
assumed geometry ensures the significance of phemom
observed at the supports. Both structures are gsbjgo a
uniform transverse loadiny

The main aim of the study is the assessment ofgrhena

Using the results of experimental tests and adwhnceoccurring at the support. For this purpose, deftiona of the

software packages, the behavior of sandwich pacais be
simulated numerically. The ABAQUS system offerseast two
well-established foam models: the hyperfoam model the
crushable foam model. The first one is based omyperelastic
theory. The second one is based on the plasticggry. The
hyperelastic model was used to analyze the visstela
behavior of open-cell polyurethane foam [7]. Theistrable

core, the appearance of zones of plastic deformatamd the
changes with increasing load are observed. To taegxisting
approach to the problem of core crushing in larget mvas
based on the measurement of the relative displateofiganel
facings. Our observations show that this approazhtoo
simplistic. To simulatethe described phenomena, advanced
numerical models prepared in Abagus were used.
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Figure 1: The static system of analyzed sandwiclcstres: (a) the one-span system; (b) the two-spstem

The results obtained for the classical models @n@3) are
3. Numerical models consistent. In the case of the hyperelastic cdreret were
problems with the convergence of the numerical tswiu The
results for the crushable foam model are intergstior a small
load (and stress), the results are close to tresic models.
Along with the increase of loading, the core isalbcdegraded,
and the stresses are transferred through the adjeleanents.

The parameters of the model correspond to the pieam
determined in the laboratory tests. Steel facingsevassumed
as isotropic, elastic-plastic material with the mlog of
elasticity Er = 210 GPa and the Poisson ratip=0.3. The
actual relationship between stress and strain wasduced. .
The yield strength was 360 MPa and the ultimatensth > Conclusions
reached 436 MPa. Facings were modeled using shete f
membrane strain elements S4. The core of the pamsl The results of numerical analyzes show a high |efel
modeled using eight node, linear brick elements C3D8 problem complexity. There are also several difficulties in the

The key issue is the constitutive relation for tbere  modeling. Advanced models require knowledge of many
material. The first and simplest model was elaststic and parameters, some of which are difficult to deteenin
isotropic. In the elastic range, according to tmsuits of experimentally. The presented models provide ample
laboratory tests, the following parameters wereumssl:  opportunities, but require precise calibration. sThalibration
Ec = 3650 kPa(Gc = 3000 kPa. Above the yield stress (90 kPa)should be done on the basis of laboratory expetignen
the actual, nonlinear relationship between strass jlastic  performed on whole layered structures correspondinghe
strain was introduced. The second model was simbat  considered problem.
orthotropic E; = 13450 kPa, E, = 4410 kPa, E; = 3650 kPa,

V1o =0.55, V3= 0.995, Vb3 = 0.20, Gy, =2510 kPa, References

G13= 3000 kPaG,3 = 2300 kPa). The third model was similar

to the second one, but Hill's condition of plagfiovas applied. [1] Heslehurst R.B., Defects and damage in composite
The fourth model was hyperelastic. To define thetenia materials and structures, CRC Press, 2014.

behavior, Ogden’s energy potential and availakdaal test and ) )

uniaxial test data were used. The fifth model wesumed as [2] Gibson L.J. and Ashby M.FCellular solids: Sructure and
the crushable foam with strength ratlos 0.5 andk, = 0.1 and properties, second ed., Cambridge University Press, 1999.

the elastic parameters were taken from the firddeho [3] Mills N., Polymer foams handbook: Engineering and

) ) biomechanics applications and design guide, first ed.,
4. Discussion of theresults Butterworth-Heinemann, 2007.

The models were compared to each other in terms c{f]'] Ashby M.F., The mechanical properties of cellubolids,
relative displacement of the facings (expressing tore Metallurgical Trans. A, Vol. 14A (9), pp. 1755-1769, 1983.

crushing), extreme normal and shear stressesjdtiibdtion of  [5] Triantafillou T.C. et al., Failure surfaces farellular

stresses and plastic deformation areas. Exempdanyjts for the materials under multiaxial loads — II. Comparisomufdels
five models are shown in Fig. 2. with experimentsnt. J. of Mechanical Sciences, 31 (9),
pp. 665-678, 1989.
0 5 10 15 [6] Zhang J. et al., Constitutive modelling of polgric foam
0 R[kN] material subjected to dynamic crash loadimg, J. Impact
Engng., Vol. 21 (5), pp. 369-386, 1998.
50 [7] Mills N.J., Finite element models for the vistasticity of

open-cell polyurethane foar@glular Polymers, 25 (5), pp.
293-316, 2006.

-100 [8] Rizov V.l1., Non-linear indentation behavior obadm core
sandwich composite materials — A 2D approach,
Computation Materials Science, 35 (2), pp. 107-115, 2006.

'015[?(%] 1 2 3 4 ——5 [9] Pozorski Z., Pozorska J., Stress redistributibtthe support

33

of transversely loaded sandwich panel, Advances in

Figure 2: The core compression stress at the edge of the Mechanics: ~ Theoretical, Computational and
support as a function of the support reacion Interdisciplinary Issues, CRC Press, pp. 485-488, 2016.



