5T 88032

WRINKLING OF SANDWICH PANEL FACE PLATES
(ISOTROPIC FACE PLATES ON ORTHOTROPIC CORES, IN-PLANE LOADING OR BENDING)

1. INTRODUCTION

The application of in-plane compressive forces to sandwich panels can cause localised buckling (wrinkling)
of the face plates. Two modes of buckling can occur (symmetric and antisymmetric) and both are dealt
with in this Data Item. Under the application of an out-of-plane bending moment the compressed face of
a sandwich can wrinkle and this case is also included. In addition to the basic geometry of the panel the
influences of the face-plate modulus of elasticity, the core compregsiire¢tion) modulus and the two

core shear moduli in the orthogonal loading directions are treated. A method of allowing for the effects of

face-plate plasticity is also included.

Sandwich panels can buckle in modes other than those dealt with in this Data Item all of which should be
checked.

2. NOTATION

Both Sl and British units are quoted but any coherent system of units may be used.

E compressive modulus of elasticity of face-plate material N/m' Ibffin?

E. modulus of elasticity of core material mdirection in both N/m? Ibf/in?
tension and compression (see Sechd

E, tangent modulus of face-plate material R/m  Ibffin®

fes minimum failing stress of core or core to face plate bond undeN/m? Ibf/in?
tension or compression in -direction

f stress at whiclE, = %E (see Data Item No. 76016 N/m? Ibf/in?

f fy applied direct stresses aligned with axes of orthotropy of cordl/m? Ibf/in?
material (see Sketchl)

fn larger principal compressive stress in face plate (see Skedich N/m? Ibf/in?

fncf value of f_ at which initial irregularities are such that N/m? Ibf/in?
z-direction stress in core equd]s

fe principal stress correspondingfip  (see Skéth N/m? Ibf/in?

Gex: Gey  Principal shear moduli of core material N'm  Ibf/in?

Gcn’ GCZ shear moduli of core materialiyz - agd  -planes respectively\llm2 Ibf/in?

(see Sectio.2and Equatiorf3.2))

For Footnotes see end of Notation Section

" Shear crimping is a limiting case of overall buckling and as such is dealt with in the Data Items on overall buckling cff panesi
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h depth of sandwich measured between mid-planes of face plates m in

m material characteristic (see Data Item No. 76016)

Oy applie_d shear stress aligned with axes of orthotropy of coid/m? Ibf/in?
material (see Sketchl)

t thickness of each face plate m in

0 amplitude of initial waviness of a face platezidirection (see m in
Section5.4)

)\rl , )\Z half wavelength of wrinkle im - an@ -directions respectively m in

Y Poisson’s ratio for face-plate material

% angle between core axis of orthotropy dﬂd (see Sketrh degrees  degrees

* Data Item No. 76016 “Generalisation of smooth continuous stress-strain curves for metallic materials”.

2.1 Suffixes
a refers to antisymmetric wrinkling (see SkeftB)
b refers to wrinkling under bending (see Sketch 2.4)
S refers to symmetric wrinkling (see Sket2l2)

2.2 Sign Convention and Co-ordinate Systems

0(x,y, 2) plate reference axesdirection defined by direction of principal axes of orthotropy of
core (see Sketch.1)

0(n, ¢, 2) reference axes) -direction defined by directiorﬁnof (see Sketrh

Compressive stresses positive, tensile stresses negative

Documents
2 Document Sharing Hub

Full document details: ESDU 88032 1991


http://www.avadocuments.com/doc/esdu-88032-1991
http://www.avadocuments.com/doc/esdu-88032-1991

5T 88032

Qxy Axy
4 4
R \:L
\ ‘f,,/
Pv r
- f f
x, o~ gy < Ix,
i t ’ N
. ,
L
r
Lo Lol qu
Tfy
(a) Largest compressive principal (b) Largest compressive principal
stress such thaty<90° stress such that90<y<180°

Sketch 2.1

Sketch 2.4 Panel compression face plate wrinkling under bending mz -plane
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3. INITIALLY FLAT PANELS UNDER IN-PLANE LOADING

Under the action of compressive in-plane loads sandwich panel face plates can wrinkle in either symmetric
or antisymmetric modes as illustrated in Sketch@sand2.3. The two modes are independent of one
another and therefore both should be checked to ensure that wrinkling does not occur. The following three
sub-sections describe the data provided and their application. Sdtimtails the assumptions made in

the theoretical analysis.

All the curves provided in this Item for in-plane loadings may be calculated using the computer program
given in Data Item No. 88015f the appropriate isotropic face-plate and orthotropic core properties are
employed.

3.1 Symmetric Wrinkling

The face-plate stress at symmetrical wrinkling is given by the equation

fr]s _ 2 E. ¢ 2
E - Dé_—‘?ﬁﬂ . (3.1)
vt BPE@a-vH)"D
Figurel presents curves d)IIIS/Et agairgt for various valuds O, when 0.2 . Also provided

on Figurel is a scale oi\n /t . The value f, is the largest compressive principal stress, the value of
the corresponding principal stre(szg does not influéﬁ]ge

As Equation(3.1) shows, symmetric wrinkling is dependentudggn E., h , &nd and is independent of
both Gcn andG_, . Itis assumed to be independent of the panel boundary conditions and has the values
of )\FIS andA,. which accord with the lowest wrinkling load. For any valuig /& other than unity the
minimum value off  /E, occurs whek,  — o . Thus, in practicg, is the panel width. However,
provided that the panel width is greater than alioht f_/FE, is not significantly reduced by increasing
A, and Figurel may be used. In the special case = f all possible combinatidpg of and

Az have the same value B, , which is the value given by Figuhe practice the initial irregularities
present in the face plate will govern the valueﬁr?g )B{Ld that occur (see Sedtion

3.2 Antisymmetric Wrinkling

Figures2 to 5 present curves d‘fqa/Et againtstt  for a range of valuds 0, GlarE, = 0.1 ,
0.2,0.3and 0.4, allfor = 0.3 . The curves are terminated at the vahie of below which antisymmetric
wrinkling does not occur.

Antisymmetric wrinkling is assumed to be independent of panel boundary conditions and to take up values
of A, andA;,,, suchthat . is a minimum. Under uniaxial loading the lack of a buckle wave in the
( -direction ()‘Za) requires less energy than does its imposition. In consequence the minimum value of

fna is associated withh,, — « and a finite value)q{a , usually in the regiazDbf 106 . The
curves of Figure2to5 are therefore plotted fera - o . Becaugg is always associated with a very
large value of)\Za the core transverse shear stiffm%%s has negligible influence on the Kﬁaalue of

For biaxial loading wrinkling is governed by the valuefof irrespectivé, of . As with symmetric

wrinkling whenf_, = f andGcn = G,; all possible combinations)q]fa éqq have the same
value offna which is given by Figur@sto é

" Data Item No. 88015 “Elastic wrinkling of sandwich panels with laminated fibre reinforced face plates (Face plates of AsBBBS, A
and AsBsDs types) (computer program)”.
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Sincefna is dependent upon the vaIueG% , In cases whgre< G f,and appfgaches itis
necessary to check whether or 1@t is such as to allow ernkllngnto occurdn the -direction prior to
then -direction. Thisis done by interchangingthe -&nd -axes, so interchanging the Stressé and
and also mterchangm@CZ ar@icn , and repeating the calculation. Example 7.2 shows how this may be
done.

In the case of uniaxial loading aligned with the -axis or biaxial loading where the loads are aligned with
the x - andy -axes(, and, accord Wi, respectively. When shear lagding, , IS
present resolution of the stresses to deterfjjne f.and =~ will generally lead to  not being aligned with
the axes of orthotropy of the core. In this condition an effective value of the core shear modulus in the
direction off . should be used. In the absence of experimental values or rigorous analysis the values of

Gcn and GcZ may be estimated from known orthogonal valu&s gf G%r;)d using the relationships
Gey = Gy COSY + chsinzy

and (3.2)
Gy = Gy sinfy + chco§y.

Values of the shear moduli of honeycomb cores along and across the ribbon direction may be estimatec
using Data ltem No. 67022

Sketch3.1shows the form of curves 6f,,  plotted againgt, for various valuegof Aand. oo

These illustrate the trough in the curve where antisymmetric wrinkling occurs and show that it becomes
less pronounced with decreasimg and that below a certain vdbie of it ceases to exist. If there is no
trough the curve falls continuously frokp ., = C . In this region the lowest valdig, of is associated
with the longest allowablé . which is the panel length. This is overall buckling. It follows that if the
trough associated with wrinkling is shallow, as it is near to the termination of the curves on Figies

then overall buckling may be closefg?a

Trough associated with
antisymmetric wrinkling

Buckling

stress Increasing

h/t

-
.

‘Wavelength of buckle

Sketch 3.1 Buckling stress versus wavelength for fixed valueshdf (antisymmetric mode)
3.3 Comparison of Symmetric and Antisymmetric Wrinkling Modes
Figure6 compares the symmetric and antisymmetric mode wrinkling curves for valbgsHf of 0.0002

and 0.0010 for a range of values@®f /E . These show that the symmetric mode usually has the lowest
wrinkling stress and that the antlsymmetrlc mode has the lowest wrinkling stress only over a relatively

Data Item No. 67022 “Modulus of rigidity of sandwich panels with hexagonal cell cores”.
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narrow band near to the termination point of the curves for antisymmetric wrinkling. This band may be
wider than that obtained by comparing Figuseith Figure<2 to 5 if the face plates are worked above their
limit of proportionality.

3.4 Theoretical Basis for Figures

The figures for both symmetric and antisymmetric modes of wrinkling are based upon elastic, thin plate,
small deflection theory. The face plates are taken to be isotropic, homogeneous and identical but their
through-the-thickness shear stiffnesses are neglected. The core direct stiffnegs inthé - and -direction:
and the shear moduli in thg{  -plane are all assumed to be zero. The remaining core stiffnésses are
which is assumed to have the same value in tension and in compression, and the two shed moduli,

and GCZ , Which need not be equal. With these three stiffnesses the core fulfils its structural functions but
is not homogeneous Si”(‘%q Gc: dnd  are assumed to be independent and uncoupled. All the appliec
in-plane loads are assumed to be taken by the face plates which are assumed to be initially flat and to b
held flat by the core until they wrinkle.

The above assumptions are appropriate to cellular cores, such as honeycomb cores, proviged that i
significantly greater than the cell width. For foam type cores, in which the core is homogeneous, the above
assumptions are conservative so that values taken from the figures are likely to underestimate the stress :
wrinkling.

Values obtained from the Figur&go 5 are valid for all panel widths greater than ab®lt and they are
therefore valid for all practical panels.

4. WRINKLING OF PANELS SUBJECT TO OUT-OF-PLANE BENDING

A complete analysis of the wrinkling of the compressive faces of sandwich panels subject to bending
out-of-plane is not available. A solution is available for narrow sandwich beams subject to bending in the
xz-plane only. This two-dimensional beam solution has been factoréd Ieyvz)_1 to introduce a
correction for the influence of the wide face plates of the panel and is presented in Fi§u@esndl10.

The figures showsn ,/E; plotted agaitst for a range of valués /i, G@Ir]mbEC v for0.3

andf, = 0. Thevaluedd,, isthatinthe direction of the applied moment. If the momentis not aligned
with t%ex -axis but is at angle  to it, Equati{@?2) may be used to estima&m for use with the figures.
The assumptions regarding sandwich construction used in predicting symmetric and antisymmetric
wrinkling stated in SectioB.4 also apply.

Wrinkling under bending is influenced by the core shear modajus . This is because the tension face
of the sandwich is assumed to provide a rigid boundary for the core against wrinkling of the compression
face plate and to remain undeflected in ztwrection during wrinkling. This assumption is not usually

fully met in practice since, to some extent, the tension face plate is influenced by wrinkling of the
compression face plate. Because of this, valuef, of obtained from Figtoek) are likely to
overestimate the wrinkling stress. This is confirmed by a limited number of experiments and by simple
finite element studies. These show that whén is large (greater than about 50) the actual wrinkling stress
can be as low a§.75fnb (Derivatidi9). Alternatively, whenh/t is very low (less than about 20)
reasonable agreement between experiment and theory is found (Derfyation

Because the solution is essentially two-dimensional the val@e, of does not appear. The behaviour of
a panel subject to symmetric wrinkling in compression indicates that the vam&g of has negligible effect
on wrinkling under bending.

The computer program in Data Iltem No. 87*0mﬁay be used to calculatﬁb for cases not covered by
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52

5.3

54

Figures7 to 10. The program provides the load per unit width in the face plate which must be divided by
t and by(1 — v2) to obtairﬁnb

FACTORS INFLUENCING WRINKLING
Variations in Core Properties and Dimensions

Values of the core stiffnesseg G,, @B, are difficult to establish and experimental values are subject
to wide variations. Tests on nominally identical sandwiches indicat&that  can t$ by per cent and
G, canvary byt30 per cent. Also, the face-plate thickness can vary bytpto  per cent. The resulting
variationinf__/E, forthe combined effect of such large variations is shown by the hatched area on Figure 6
for the arbitrarily chosen ratios dft = 65 E/E, = 0.0002 afq./E. = 0.2 . Itcanbe seen that
fna/Et for the mean values is 0.00173 and that its maximum is 0.0020 and its minimum is 0.0013, that is,
a variation of + 15 per cent and —25 per cent. Note that although the tolerances were symmetrical the
variation infna/Et is not.

As previously stated all the curves are based on the assumptid). that has the same value in tension ar
compression. If this is not so the lower modulus should be used.

Effect of Face Plate Material Plasticity

In practical sandwiches the facings are often worked into the region where their modulus decreases as :
result of the onset of material plasticity. This can be allowed for by &5ing  throughout. Valjes of
for a given stress and material, can be obtained from Data Item No. 76016. The vﬁlue of should
correspond to the wrinkling stresfﬁa fns f% , and must therefore be found by trial, see Example 7.2.

Effect of Adhesive Layer

For sandwiches using thin face plates the layer of core to face plate adhesive may significantly modify the
wrinkling stress. Approximate allowance can be made for this by calculating an equivalent modulus for
the face plate and its associated adhesive and modifying to measure between the neutral planes of th
equivalent face plates. Alternatively the sandwich can be treated as a laminated plate with the adhesive
forming a layer. This can then be analysed using the computer program in Data Item No. 87013 for bending
or Data Item No. 88015 for in-plane compression.

Effect of Initial Irregularities of the Face Plates on Symmetric Wrinkling

Any initial waviness of the face plates will, on the start of application of loading, begin to grow in amplitude.
As the applied load increases those waves that most nearly correspond to the preferred wrinkling wavelengtt
of the sandwich become largest. The initial irregularities of particular interest are therefore those with a
half wavelength in the region ‘an as determined from FigurAs the load is increased the amplitude

of the preferred wave increases until core failure, in tension and/or compression, or failure in core to face
plate adhesion occurs. This will happen before the theoretical flat plate buckling load is reached.

Estimates of how much an initial wave of given amplitude reduces the theoretical flat-plate wrinkling stress
have been formulated for sandwich columns only (DerivatjoriThe analysis is therefore restricted to a

Data Item No. 87013 “Elastic wrinkling of sandwich columns and beams with unbalanced laminated fibre reinforced facecglates (Fa
plates of AsBoDs, AsBIDs and AsBsDs types) (computer program)”.
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singlen -direction wave and to uniaxial loading and yields the following equation

f
.| — (5.1)

fncf E
2|3t =¢| 4+ 1.0
th

cf

in which the value 0o is that occurring over lengths equalto

Application of equatior{5.1) to panels should be treated with caution. As described in Sé&ctidthe
C-direction wave is usually very large so that account ofithe -direction wave only in these cases may be
sufficient. Thus, provide is significantly less tHﬂn , Equgboh) may provide reasonable guidance

on the effect of initial waviness using a valuedof relate)sintg

In the special case whete = f many values d are possible at the samefyalue of and
f, (see SectioB.1). Because o%this the valuedf related to the half wavelength.of given on Eigure
should not be used in Equati®1) The value o® used should relate to that of the largest amplitude
initial irregularity likely to be present in the plate. This will equal or exceed the relating)l%he of
Figurel so giving a lower value cffqCf

Values ofd are difficult to determine since variations in sandwich outer surface flatness reflect both core
and face plate thickness changes as well as waviness. Eigsinews Equatio5.1) in graphical form.
Note that the abscissah  can be representéd/ay(t/h) in which, for a particular satitiwich, is
usually fixed.

5.5 Effect of Initial Irregularities of the Face Plates on Antysymmetric Wrinkling

Owing to the form of antisymmetric wrinkling the critical wavelengths for initial irregularities are in the
region of0.25h to2h . The effects of waviness have been studied theoretically without useful result.
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