CMM-2017 — 22" Computer Methods in Mechanics September 13-16" 2017, Lublin, Poland

Sensitivity analysis of sandwich panels with rectagular openings

Monika Chuda-Kowalska® and Michat Malendowsk#

Institute of Structural Engineering, Poznan Univgref Technology
pl. Sklodowskiej-Curie 5, 60-965 Poznan, Poland

! e-mail: monika.chuda-kowalska@put.poznan.pl
2 e-mail: michal.malendowski@put.poznan.pl

Abstract

Sandwich panels, composed of thin metal sheetsaahitk, anisotropic foam core, are considerechnpgaper. These lightweight
structures are frequently weakened by cut-outsvamidus openings, what is the subject of the prtearalysis. Due to a complex
behaviour of such structures, there are no unilieasaeptable design rules, that take into accéactors related to the kind of
modifications that made the panel weaker. In tlaiggn, the problem of the influence of two factonstike mechanical response of
sandwich panel is considered, namely: the influefagening location and type of the load. Additiby, the influence of stiffener,
in the form of window frame, is considered. Finalselected results obtained from FE analyses véllcompared with the

experimental results carried out by the authorssamde conclusions are drawn.
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1. Introduction

Self-supporting sandwich panels made up of tworaate
thin and metal facings separated by a thick, ligidWt core are
considered in the paper. This kind of panel is Widesed to
cover the facades and roofs of industrial buildinBsie to
inevitable openings in building envelope, like wimgs, doors
or technical inlets, it is necessary to cut outthdh sandwich
panels. Those openings generally have differemt gigometry
and locations [1] what can significantly reduce ithiead-
bearing capacity. The European standard EN 145(9
specifies requirements for the production, testind designing
of complete factory-made sandwich panels, but mciude any
information about openings. Now, this problem @y solved
in such a way that all applied loads on the opemniage
transferred to the spaced frame of building stmectiby
additional longitudinal and cross beams. According[3-4],
additional supports are not always necessary. Toverefurther
research aimed at the development of a consisteat
appropriate design and testing methods shall besidered.
Nevertheless, because of the variety of factorectiffg the
structural response, e.g. variety of the core rafeshape of
the metal sheets, geometry, size and position ®fofenings
and other, it is a big challenge. Although, neworemendation
[5] completes the direction given in EN 14509 anttdduces
possibility to design sandwich panels with openingthout
unnecessary additional supports, there is a lack ofnsistent
design method, especially in case of openings sighificant
size.

In the most popular approach it is assumed thdaydirs of
sandwich panels are made from homogeneous andpgotr
materials. Here, more advanced, orthotropic mdteriadel
with nine independent constants is used. Testinthods for
reliable identification of material parameters parous material
such a polyurethane foam are described in [6]. SEmsitivity of
structural response to variations of material patans is
studied and discussed in [7].

2. Problem formulation

The aim of this work is to demonstrate the serigjtiof
bearing capacity of sandwich panels to differerdatmon of
rectangular openings, that are stiffened, or nath window
frame. Analyses are carried out for two types oadm
concentrated force and equally distributed pressure

3. Numerical analysis

[2 Structural behaviour of sandwich panels is inveséd

using ABAQUS software package [8]. The geometrically
nonlinear static analysis is used. Geometric ingmtidns are
introduced as a combination of five buckling modéth the
multiplier equal to 0.001 m. The problem is solvading
Newton-Raphson and Riks procedures. Numerical ingyals
used as a failure criterion.

The influence of frame mounted inside the openiag i
modelled in two different ways. Firstly, the fraragffness is
neglected and only the vertical distance betweeresponding
nodes of lower and upper sheets is maintained. riéi§cothe
stiffness of frame is introduced by inserting frambich is
made of additional beam elements. Frame is therhede
such a way, to correspond to the sheets’ meshppmriate
degrees of freedom of nodes of sheets can be agresdrto
degrees of freedom of frame’s nodes, accordinghusT from
mechanical point of view, two cases are simulatedoows:
first, neglecting the frame stiffness; second, withrtain
mechanical parameters of frame corresponding taiahct
example of frame mounted inside the opening.

The static scheme of the system and geometricahpeters
are presented in Fig.1. It is assumed that thd femgs are
flat and covered by zinc, what results in Young'sdulus
E-r =195 GPa and Poisson’s ratia- =0.3. The material
properties of the foam core, based on experimetatd and
used for numerical analysis, are summarised inITab.

Openings with only one size are analysed in thfgepalhe
hole has dimensions 0.3 x 0.5 m and it is placéch®from the
left edge of the plate.
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Figure 1: Geometry and the scheme of the analylsee p

Table 1: Material parameters of analysed foam core

Ex Ev  Ez [Gxw Gz Gvz | vy Vox Wy
[MPa] -
20.04 4.71 5.26| 251 3.00 2.30| 0.53 0.24 0.17

The authors analyse the influence of location thle hlong
the width B of the panel. So, the parame®y is taken into
account as variable (Fig.1).

The first analysed panel is loaded by uniform press.
Four different positions of the hol8; = 10 cm, 15 cm 20 cm
and 25 cm, are analysed. The last case meanshthdtote is
placed symmetrically with respect to tie— axis. Obtained
relations between applied for€eand deflectiorw measured in
the middle of the span are presented in Fig.2 anthwarised in
Tab. 2.
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Figure 2: Numerical paths for plate loadedgoy

Table 2: Numerical results — panels loadedjby

B; [cm]

10 15 20 25

1 2 3 2 5 6

Plate with 13.0 13.0 136 139
opening

Plate with Fman [KN]

WI

openingand | (©T® 189 100 100 19.3
rigid frame

5[%] 454 462 397 388

The comparison of obtained results shows thatrtfieence
of location of the hole along the widtB on the global
behaviour of the plate is negligibly sma®n the other hand
significant impact of the mounted frame on the lba@ring
capacity of the plate is observed.

The next study is focused on the sandwich panalicd by
concentrated load. A load is applied through adrighO mm x

100 mm block on the longitudinal edge at mid-spdhe
distribution of the displacements field in exampleth
B; = 15 cm is presented in Fig. 3.
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Figure 3: Distribution of the vertical displaceménplate
loaded by concentrate load

4, Conclusions

Different effects have influence on the behaviourd a
bearing capacity of sandwich panels with openirlgsthis
work, the main attention has been focused on theysof the
structural sensitivity to the location of the hdée panel with
different load schemes, as well as the influencashe which
stiffen the opening. For panels loaded by uniforistributed
load, we can draw the general conclusion that thee pvith an
opening placed closer to the middle of the plateilgts slightly
higher load-bearing capacity. In analysed caserheal role in
the response of the system plays the stiffnedseoframe.

The numerical results and experimental validatiar f
panels loaded by concentrated load will be presediging the
conference.
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