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ELASTIC WRINKLING OF SANDWICH PANELS WITH LAMINATED FIBRE
REINFORCED FACE PLATES

(Face plates of AsBoDs, AsBIDs and AsBsDs types)

11

1.2

121

FACE PLATE WRINKLING BEHAVIOUR AND LIMITATIONS
Introduction

This Data Item, together with ESDUpac A8815, provides a Fortran computer program for calculating the
theoretical wrinkling loads of balanced laminated plates and of two classes of unbalanced laminated plates
which form the face plates of sandwich panels and that are subjected to bi-axial in-plane loads. The sever
possible classes of laminated plates are described in detail in Data Item No.. 94@93olution and
program provided deal with the classes coded as AsBoDs, AsBIDs and AsBsDs in Data Iltem No. 75002.
These classes are described in detail in Seéti®n

This Data Item consists of three Sections. Sedtidascribes the theoretical solution to the title problem
and its limitations in application to practical panels. Se@idescribes the input and output for the program
of ESDUpac A8815 and gives example calculations. Se8tgiwes notes on the method of solution used,
the resulting accuracy and program testing.

A possible mode of failure of a sandwich panel with thin face plates that is subjected to in-plane loads is
the localised buckling (wrinkling) of the faces as illustrated in Skettl2nd1.3. For fibre reinforced

face plates made up from a number of thin layers, it is possible that the face plates will each form an
unbalanced lay-up about their local mid-planes. This lack of balance is further accentuated by the layer of
glue that is required to bond each face plate to the core material and that can have a significant effect or
the wrinkling loads. The following sections detail the forms of face plate stiffness sub-matrices dealt with
by this Data Item and illustrate the influence of glue layer, core thickness and face plate thickness on the
wrinkling loads of panels.

Notation
Both S| and British units are quoted but any coherent system of units may be used.

Face plate overall stiffnesses

A in-plane stiffness matrix for face plate N/m Ibf/in
ij element ofA N/m [bf/in
B coupled in-plane and flexural stiffness matrix for face plate N Ibf
i element oB N Ibf
D flexural stiffness matrix for face plate Nm Ibf in
element oD Nm Ibf in

" Data Item No. 94003 “Stiffnesses of laminated flat plates”.

Issued December 1988
With Amendment A Documents

1 Document Sharing Hub

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 88015 A 1991


http://www.avadocuments.com/doc/esdu-88015-a-1991
http://www.avadocuments.com/doc/esdu-88015-a-1991

88015

1.2.2 Layer properties and reference axes

C reference number for layer type (see Sec?i@n3.1land
2.3.3.9
Eak 'EBk moduli of elasticity okth layer ina - and3, -directions, N/m? Ibf/in?
respectively
Gy pk shear modulus dith layer in(a, B), directions N/f Ibf/in?
t, thickness okth layer m in
Wy angle of principal axis of orthotropy,  , kth layer measured degree degree
S from plate reference axisx0as shown in Sketch1l
[a)
ok Vapk *Vpak Poisson's ratio fdkth layer resulting from load applied in
g a, -direction and in3,  -direction, respectively
§ 0(a, B) principal axes of orthotropy of a layer (see Skdtdh
2
2 1.2.3 Core properties
=
s
? E. modulus of elasticity of core material zrdirection (in both N/m? Ibf/in2
2 tension and compression)
.‘_é Gy ,ch shear modulus of core material i £) and §, 2) planes N/m? Ibf/in2
g respectively
©
S
% 1.2.4 Panel loading, geometry and reference axes (see Skeitcl
s
Q.
S
) h depth of core measured between mid-planes of face plates m in
&)
(%]
= h, total depth of sandwich between exterior faces of face plates m in
P, ,Py load per unit run ix- andy-directions, respectively (positive in  N/m Ibf/in
compression)
t thickness of face plate including thickness of face plate to comm in
adhesive
t, effective thickness of face plate to core adhesive layer m in
A length of half wave of wrinkle m in
0(x, vy, 2 panel reference axesandy defined by principal axes of
orthotropy of face plates
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1.2.5 Displacements and stresses

Uy +Vg \Wq di:_;placements iX-, y- andz-directions, respectively, of core m in
mid-plane
0,0 direct stress iz-direction at core mid-plane N/m Ibf/in2
Tz Ty core shear stresses i #) and , 7) planes, respectively N/m Ibf/in2
1.2.6 Suffixes
iy number signifying position in row and column, respectively, of

element in matrix

k layer identification number

a relates to antisymmetric wrinkling loads and half wavelength
s relates to symmetric wrinkling loads and half wavelength

X, Y relates to- andy-directions, respectively

1.2.7 Mathematical notation and sign convention

sym indicates matrix is symmetric about leading diagonal

Compressive forces positive, tensile forces negative.

ESDU Copyright material. For current status contact ESDU.
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Fibre directions P
in layer k y

g or PYO

Central plane. Top and bottom
face plates balanced about
this plane

Layer k

ESDU Copyright material. For current status contact ESDU.

xa

Sketch 1.3 Panel face plate antisymmetric wrinkling ixz-plane
1.3 The Solution Provided

The program of Sectiof8 calculates the total load per unit run applied to the panel ix-tl@d/or
y-directions that causes face plate wrinkling. Thajs.and/orP,s together withP,, and/orPy,. Thex-
andy-directions are defined by the principal axes of orthotropy of the face plates and are independent of
their relation to the panel boundaries. The program is only valid for cases where the direction of the principal
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1.4

15

stresses coincides with the principal axes of orthotropy of the face plates.
Class of Unbalanced Plates for Which a Solution is Given
Data Item No. 94003 shows how the stiffness matrix forms for the various types of unbalanced plate arise.

This present Data Item deals only with plates in whictaedD stiffness sub-matrices are of the following
forms

A = Ay A, 0| ,D = D;; Dy O (1.1)
Ay 0 Dy, 0
(sym Agzs (sym) Dasg

and theB coupling matrix is either zero or is one of the forms,

B=|B,; 00 oB=/|B,; B, 0]. (1.2)
B,, O By, O
(sym) 0 (sym) Bss

These forms accord with the reference codes AsBoDs, AsBIDs and AsBsDs defined in Data Item No. 94003.

It should be noted that, for the panel as a whole, the pair of face plates must form a balanced lay-up abou
the central plane of the panel as shown in Sketth

Statement of Basic Assumptions

Sectionl.7outlines the mathematical solution for the buckling problem provided by the program of Section

3. The solution is based upon elastic, thin plate, small deflection theory, in which the laminated face plates
are assumed to behave as homogeneous orthotropic plates whose axes of orthotropy are aligned with th
panel loading directions. The face plates are assumed to form a balanced lay-up about the central plane o
the sandwich.

In the theory no account is taken of through-the-thickness shear deformations of the face plates. The face:
are assumed to be initially flat, and to be held flat by the core until they wrinkle. The core is assumed to
give continuous support to the faces and the possibility of localised buckling within honeycomb type cells
(often called inter-cell buckling) is not considered. Also, the core is taken to have zero stiffness in the
andy-directions but finite direct and shear stiffnesses inztd@ection. These assumptions make the
analysis more applicable to honeycomb type cores than to solid foam cores, but should give conservative
results for the latter. The applied load is assumed to be divided equally between the two face plates and t
lie in the mid-plane of each face plate (which might include a layer of glue) and it is to that mid-plane that
B andD are related.

It should be noted that the length and width of the panel do not appear in any of the equations. This is
because it is convenient to work in terms of half wavelengths of the wrinkle, , it being assumed that the
panel is large enough for tiés  to achieve their minimum values. The program provides the values of
for each case. However, the program requires input of approximate values for the panel dimensions. This
is because a minimum may not exist for one ofitse and in this case the longest wave gives the lowest
wrinkling load. In such cases the appropriate panel dimension is used in phace of . This is often found to
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1.6

16.1

be the case and this is discussed further in Sett®n

The equations and program given in this Data Item are based upon the theoretical work of Dé&rdfation
Sectionl1.8 which employs the assumptions described above. Because of this, wrinkling loads obtained
should only be used as a guide for design purposes. Wherever possible, verification of final designs should
be obtained from wrinkling tests on specimens that are representative of the actual method of manufacture
and configuration.

The equations and program can be applied to the simpler case of sandwiches with isotropic metallic face
plates dealt with in Data Item No. 8803R is recommended that that Data Item should be consulted before

a design is finalised since many of the factors shown to be important for sandwich panels with isotropic
face plates will influence the wrinkling of panels faced with laminated composites.

Wrinkling Characteristics
Figuresl to4 show a set of wrinkling loads for a rectangular panel of length (x-direction) of 0.410 m

and width (iny-direction) of 0.340 m. The face plates are of the AsBsDs type, and the geometry and material
characteristics of the panel are given below.

Core: h = 0.030 m
E. = 10x16 N/m?
G = 1.58 x 16N/m?
= 2
Gy = 0.62x 16N/m
Face plates:
t = 0.39 mm.
A = 3140 7.69 0| x10°N/m,B = |-2.80 —-0.685 0 | x 16N,
11.40 0 —0.194 0
(sym) 8.45 (sym) -0.742
D = |0.357 0.094 0| Nm.
0.061 O
(sym) 0.102

The panel is subjected to biaxial compressive I8g@dP, and wrinkling loads are given for increasing
values of the rati®,/P,. Corresponding wavelengths of wrinkle, , are also shown. Similar
behaviour to that described in Sectidn§.1and1.6.2may be expected for other panels but this will vary
according to the actual panel properties and thicknesses.

Symmetric wrinkling

Referring to Figuré, it is seen that whefpy is zero (oiPy/P, = 0) then the value &, required for wrinkling
is given byP,s= 34 000 N/m. The corresponding wavelengthsigre =0.011 m in thex-direction, and
a large value fol, . , equal to the panel width, inytgérection. Thus, the direction of the short-wave
wrinkle is in the direction of the applied loRg This wrinkle pattern is maintained as the rati®gP, is

" Data Item No. 88032 “Wrinkling of sandwich panel face plates (isotropic face plates on orthotropic cores, in-plane |cattimgyt. b
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1.6.2

1.6.3

increased, and furthermore the valuePgf remains constant at 34 000 N/m whi§fP, increases to a

value of approximately 0.74. In fact, in this load region, the solution always corresponds to the largest value
for A possible so that an upper limit is reached w; = panel width. The effect of limiting the value
of A4 by setting it equal to varying panel widths is shown in FigutgereP, is plotted against panel

widt% for the special case whelPg = 0, and is asymptotic to 34 000 N/m for large values of panel width.
Panels with small widths have the effect of increaBipgo that when panel width is equahtpthe value

of Pysis increased to 39 000 N/m. A similar behaviour is found wheis present, up to a value f =

0.74P,.

Referring back to Figure, whenP,/P, is increased beyond 0.74, the wrinkling behaviour changes abruptly
and it becomes dominated by a small wavelength of wrinkle ip-thieection equal to 0.0095 m with a
large wavelength, equal to the panel length, inxturection. Py remains constant at approximately
25 000 N/m whilsP, 4 decreases from 34 000 N/m to 8320 N/m.

In summary, the symmetric wrinkling behaviour can be described as one in which small wavelength
wrinkles are developed either in the lengthwise direction or in the widthwise direction depending on the
load ratio. In each case the wrinkle direction corresponds to the dominant load direction and the magnitude
of the load for wrinkling remains constant over a certain range of load ratios. For this particular example,
however, there is a transition region betwegR, = 0.74 and 1.0 wheRgis greater thaRyseven though

the wrinkles are formed in thedirection.

Antisymmetric wrinkling

The antisymmetric wrinkling behaviour is shown in FigdreThe trends are similar to the symmetric
wrinkling case described above with small wavelength wrinkles in the dominant load direction. Again there
is a transition region; in this case betwé¥/P, = 0.6 and 1.0 where,Ris greater thafPy, with the
wrinkles in the ydirection.

Comparing the magnitudes of the loads for symmetric and antisymmetric wrinkling, it is seen that, initially,
the loads required for symmetric wrinkling are lower than those required for antisymmetric wrinkling.
However, this situation soon changes, and at a loadRgf = 0.6 the value dP,, drops off rapidly to

about 32 000 N/m which compares with a valueggy= 34 000 N/m. The value &, then remains well|
below P, for the remaining load ratio range.

Figure4 shows the effect on the valueRy; of settingA, , equal to the panel width with= 0. For large

panel widthsP,, is asymptotic to 41 200 N/m but rises rapidly to 47 000 N/m at a value of panel width
equal toh;. Thus, in cases where wavelengths are constrained in one direction by a panel dimension, the
wrinkling loads would be increased beyond the minimum values that would have been obtained for an
infinite plate.

Further considerations

Other characteristics may be studied by referring to previously issued Data ltems on sandwich panel
wrinkling. The influence of an adhesive layer that bonds the faces to the core is discussed in Data Item No.
87013, Sectionl.5, for sandwich columns and beams. Generally, the effect of the adhesive layer is to
increase all the wrinkling loads, often by a significant amount for thin faces; it is important, therefore, to
include information on the adhesive layer in the data input where possible so that its effect can be taken
into account in the solution.

Further information can be obtained from Data Item No. 88032 which deals with the wrinkling of sandwich

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).
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panels with isotropic face plates. This is a special case of the more general laminated faces considered i
this present Data Item and the design curves presented in Data Item No. 88032 have been derived using
different computer program from that used here but which is based on the same theory, se8.$ection
Curves are given that show the effect of core direct and shear moduli, core depth, face plate thickness anc
modulus on symmetric and antisymmetric wrinkling face plate stresses. These can be consulted to establist
general trends for panels with laminated faces.

1.7 Solution Outline and Governing Equations

The final explicit equations that govern panel wrinkling behaviour are far too lengthy to be included in this
Data Item. However, certain basic equations are given below from which it is possible to obtain the final
equations if required. All equations may be obtained from the fundamental theory given in Detivation
but it should be noted that the sign convention foBjfterms is different, witB; (present Data Item) =B;;
(Derivationl). It should also be noted tha{present Data Item) =hDerivationl).

1.7.1 Symmetric wrinkling

The solution for symmetric wrinkling is governed by the following three partial differential equations in
the variablew,, U, and,

s s _ s
D11uo + D12Vo - D13020

ESDU Copyright material. For current status contact ESDU.

(1.3)
S s _ S
D21uo+ D22Vo - D23020
and
5 s _ S
UaqUy + HapVy = U330,
where the operators are defined by
e 3
S
Opp = = B3 = (Byp+ 2Bg) ——,
ax oxoy
3 3
s 0 0
O = —Byy=3— (B + 2Bg)——
12 22 3 12 33
ay axay2
B,.h 4
s _ C11" 6 h 0
Uiz = 2E, D%)n 4 D Nz [2(D12+2D33)‘§('312+2333)} 2.2
ox dy
2 2
227 P22 '
4Dy4 26X2 252 hog
0, = A —(i+A L
21~ " 33 2°
0x2 6y2
2
s _ 0
Uy = (A12+A33)axay-
3 3
s h D[ﬁllh 9 h 0 O
O = - -B + |=(A, + 2A5,) —B.,— 2Bl —— 1,
2 0 11 12 33 12 33 0
3 ZECDD 4 Dax3 [4 ]axayZD
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52
S
Ha = (Az+ Agglgiay
2 2
s 0 0
0 = A + Ay
32 22 33
6y2 6x2
and
3
S h [l a [tl Da |
O = (Ajp + 2A33) =B — 2Bgs | —— + /A, — B, — 0
33 12 33 12 33 22~
2E D[ Jaxzay 4 ZDay 0

By successive operations, andv, may be eliminated from Equatio(is 3) leaving the following single
partial differential equation o,

DSSSSDSSSSD sssstsssDD_
EEJSZDH_DZZD& 5%322513_512523 o~ %]22511_512521 DEJIQDZS_DZZDISS Dszo =0 (1'4)

Equation(1.4) can then be solved for the critical buckling loads with the assumptiow jhat varies as
sin(TDd)\SX)sin(ny/)\sy) .

1.7.2  Antisymmetric wrinkling

The solution for antisymmetric wrinkling is governed by the following three partial differential equations

ESDU Copyright material. For current status contact ESDU.

in the variablesv,, Tyy andTyZ
A _ _A
Oip Tz * Dlz yz = Uiz Wy,
A A (1.5)
Oy Txo * Dzz yz = Haz W,
and
A _ oA
Hap Ty * D32 yz = Haz Wy,
where the operators are defined by
2 h 4 3 2 4
A h 11 .9 { 0
O, = =— - B, 0— (App + 2A55) — 5= (Byp + 2Bag) |—5—
11 1 33 12 33
8E.U 6 10,4 | 48E, 8E, 0x20y”
. hAllgi . hA33_ai »
2G 552 2chay2 '
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2 4

2 h
A h" i - o { h h T
O, = =— B ( 2A52) — == (B, + 2B.,)
12 1 33 12 33
8ECD 6 1D6 36y 48E 8E 6X6y3
2
h 0
2G, (Arz A33)axay’
y
h 3 3
A 1 .9 h a
A, = B ~(Aj, + 2A5,) — B, — 2Bos | ——,
13 1 12 33 12 33
U2 1Dax3 [2 ]axayz
2 h 4 3 2 4
A h” 22 .0 { h h T
O, = —— -B + (Ao + 2A4,) — =— (B, + 2B.,)
21 22 12 33 12 33
8E.0 6 Toxay®  L48E, 8E, 230y
2
h
; * 56 (A + Agsdyiae:
a ox xdy
(9s)]
ek 2 h 3 2 4
- A h* 22 qd” { h h
3] 0, = —— -B (Ar, + 2A53) — == (B, + 2Bas) |[——
g 22 8E.0 6 22D6y4 48E, 12 33/ T gE 12 33 axzayz
o
@ hA22 a hAs5 62
2 chay cyox
= 3
C
o A _ rﬁzz ﬂa h 0
= U = g5 Bzzgays [2(A12 +2A33) =By - 2333]6)(26)/’
(S)
o 2 3
- A - ful Baf Eg_ [——i(D +2D,) - i ——(B,,+ 2B )}————65
e 31 08E.  48E.[yy 412 337 24E, 33 6x36y2
Q
= 2 3 2
g N Epzzh 3 Byoh o 65 N %h Pax hBllDd
Eo 08E;  48E.[pygy* O16E ZGCXDaX
= 2
= O16E, ~ 2G,, ' 127 “73%g), 2" 20x’
il A ED11h2 B11h3D 65 h2 h3 65
Og, = 0O 3 ~ 78 7 LE (Dyy +2Dgy) — SAE sae (B + 2833)}—2 3
0 8E; EcDox oy c ox ay
h2 2
Ep22 BZZh EG_ N |ih Pax (B + 2B )} 3
12 33
tH H8E, ~ 48E cCoy® L 16E ZG 0x%0y
[h P hBZZEQ_ h_@_
|:|16E 2G yﬂay 26y
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and

hBll a 0
%)11 > D 2 +[2(Dyy + 2Dg3) — (B, + 2833)]6 2

4

X 0y

hB 4 P 2 p 2

2210 ax 0 ay 0
+%:)22—-—-——— —_—  ——— + = —

2 Day4 2 aXZ 2 ayZ'

By successive operations, and with regard to reciprocal conditions with respect-taridg-girections,
1,, and Ty, may be eliminated from Equatiofis5) leaving the following single partial differential

equation inw,,.

O A_A A_A_A
%]33511522 —UaaHiola1 —HygHaolos =Uygtaollay + U gHaolp + 5031003 %No =0. (1.6)

sin(Td/A ) sin(Tty/A

ax)

1.8.1 Derivation

1.8.2 Reference

SMITH, G.W.
SPIER, E.E.

ESDU Copyright material. For current status contact ESDU.

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU
No reproduction or networking permitted without license from IHS

Full document details: ESDU 88015 A 1991

2

1.8 Derivation and Reference

1. PEARCE, T.R.A.
WEBBER, J.P.H.

2. SULLINS, R.T.

A_A_A A_A_A A_A_A A _A_A 0O

Equation(1.6) can then be solved for the critical buckling loads with the assumptiomghadries as

Buckling of sandwich panels with laminated face plaié® Aeronautical
Quatrterly, Vol. 23, pp 148-160, May 1972.

Manual for structural stability analysis of sandwich plates and shells.
NASA CR-1457, Sectio3.1, December 1969.
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A« = panel width | = panel length
B = = = =
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