AJAA JOURNAL
Vol. 30, No. 7, July 1992

Bending of Tapered Anisotropic Sandwich Plates with
Arbitrary Edge Conditions

J. S. Jeon* and C. S. Hongt
Korea Advanced Institute of Science and Technology, Yusung-Ku, Taejon, Korea 305-701

The bending of tapered sandwich plates is analyzed by a new formulation. The tapered sandwich plate consists
of an orthotropic core with linear thickness variation and two anisotropic laminated faces with constant thickness.
The faces are analyzed by the classical lamination theory. The analysis shows the geometric coupling between
the core shear strain and the face normal deflection in the explicit expression existing only for the tapered
geometry. The total potential energy is obtained and the Rayleigh-Ritz method is employed for an approximate
solution. Present formulation can be applied to arbitrary edge conditions. The structural deflections are cal-
culated for various edge conditions, taper ratios, core moduli ratios, and stacking sequences. The numerical
results show that, as the taper ratio increases, the deflection increases up to certain taper ratio and then decreases

by the contribution ratio change of each component.

Nomenclature
a b, c = lengths in x, y, and s directions,
respectively
[A,], [B;], [D;] = extensional, coupling, and bending
stiffness of face, respectively

AR = aspect ratio, a/b

Ccl,— C3., = unknown coefficients

CR = core shear moduli ratio, G,5/G}5 =
GZ3/G;3

E,, E,, G, v;, = material properties of faces

5 G5 = reference transverse shear moduli of

core

G, Gos = varied transverse shear moduli of core

HR = taper ratio, T,/T,

hy, h(x) = half thicknesses of core at x = 0 and at
location x, respectively

m,n = series terms in s and y directions,
respectively

Qo(x0,5 ¥o) = vertical concentrated load at upper face

q.,(s, y) = normal distributed load- at upper face

q.(x, y) = vertical distributed load at upper face

R, = shear rigidity parameter in Ref. 6,
E 1, T,/2G50%(1 — vi)

S, Y, n = local coordinates of each face

T,, T, = structural thicknesses at x = 0, and x =
a, respectively

Lo 4 = thicknesses of upper and lower faces,
respectively

U, Uy, U, = strain energies in upper face, lower face,
and core, respectively

u’, v, we = structural displacements in x, y, and z
directions, respectively

U, Uy, u, = face displacements in s, y, and n

directions, respectively

Vv = potential energy by external works

w = normalized structural deflection,
4w E t, Tilq,a*(1 — vi,)

w* = normalized structural deflection in Ref.
6, WwE 1, T5/2q.0*(1 — vi)

X, y,z = global coordinates of structure
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B = face slope angle about structural
midplane

Yizs Ve = transverse shear strains in core

{&°} = face inplane strain, [&, &3, v5]”

0 = fiber orientation of face layer

{k} = face curvature, [k, K,,, K,]7

I = total potential energy, U,, + U, +
Uu.+Vv

&, = core rotation angle about reference axes

Ly — O = shape functions satisfying the given edge

conditions

Subscripts

¢, f = values for core and faces, respectively

u,l = values for upper and lower faces,
respectively

Superscript i

0 = value at the component midplane

Introduction

S the demand for high performance structures is in-

creased, sandwich plates receive new attention. Sand-
wich plates have been widely used because of high-specific
bending stiffness. When they are used in the form of full-
depth honeycomb sandwich plates, such as wings or control
surfaces, the sandwich plate is of nonconstant thickness. Ta-
pered anisotropic sandwich plates are very interesting struc-
tures because of several design variables such as stacking se-
quences of faces, face-to-core thickness ratio, combination of
material properties, and taper ratio.

For the analysis of uniform thickness cases, numerous ap-
proximating solutions were given by many authors such as
Kim and Hong' and Monforton and Ibrahim.? They consid-
ered material anisotropy, face bending stiffness,'? and finite
bonding stiffness.! A closed-form solution for sandwich beam
was given by Ojalvo.? On the other hand, as in finite element
analysis, tapered sandwich plates have received far less at-
tention in analytic work than have plates of uniform thickness.

The tapered sandwich beam was analyzed by Huang and
Alspaugh? by the sandwich plate theory using the constitutive
equations of locally constant thickness. Akasaka and Asano®
analyzed simply supported sandwich panels with sinusoidally
varying thickness. They showed the importance of shell effect
on the curvature by the flattening effect of faces. Paydar and
others employed the finite difference method to calculate the
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deflections and core shear stresses for tapered square®’ and
annular sandwich plate.® The bending problem for a canti-
levered sandwich beam with thickness variation was analyzed
by Libove and Lu.® The finite element analysis was performed
by Holt and Webber'® for arbitrary thickness variation of
sandwich structures.

Recently, Jeon and Hong!! used the Rayleigh-Ritz method
for an approximate solution of tapered sandwich structures with
anisotropic composite faces. They clearly showed the differ-
ence between the uniform and tapered sandwich plate in the
explicit expressions. By some numerical examples of tapered
sandwich beams, they concluded that the structural curvature
changes its sign locally and the conventional antisymmetric
deformation assumption for faces must be reexamined.

In the present work, tapered sandwich plates with arbitrary
edge conditions are analyzed. The face coupling and bending
stiffness in addition to the inplane stiffness are included. Three
local coordinate systems are introduced for each component.
The analysis takes into account the geometric coupling be-
tween the core shear strain and the face normal deflection
existing only for the tapered geometry. Some numerical ex-
amples are presented for sandwich plates to confirm the ver-
satility of the method.

Governing Equations

Total Potential Energy

The assumptions made for the analysis are as follows: The
tapered sandwich plate is geometrically symmetric about its
midplane. The thicknesses of anisotropic faces are constant
and moderately thick to apply the classical [amination theory
(CLT). The core is orthotropic and the core thickness de-
creases linearly in one direction. The core is inextensible in
the thickness direction and can only be deformable in trans-
verse shear. The faces and the core are perfectly bonded
altogether in the interfaces. Each component is under the
small deformation. An overall view of the tapered sandwich
plate under consideration is shown in Fig. 1.

The thickness of the core decreases linearly in the x direc-
tion as

h(x) = h, — x tang (1)

When the core is rotated about its reference axes by ¢,
the strain energy in the core can be written as:

o= HIE 2% v e

<
where
Qi = Gy c08%¢, + Gy sin’d,

645 = (G5 — Gy;) cos¢, sing,

—Q—ss = G5 cos’¢, + Gy, sin’e,

Fig. 1 Geometry of tapered sandwich plate with anisotropic lami-
nated faces.

The superscript 0 in Eq. (2) means the values at the core
midplane, subscript ¢ for the core and G,;, G,; are the core
transverse shear moduli about its material principal axes. Sub-
stituting Eq. (1) into Eq. (2) and integrating over the core
thickness give

v.= %” {V’)} {{G}] — x[H}} {zﬁ} dedy  (3)

where

[G2] = 2h, [Qiilc

[HS] = 2tanf [Qij]cs iLj=4,5

The present sandwich plate is tapered by the thickness var-
iation of core and face slope about the midplane of the struc-
ture. To employ the Rayleigh-Ritz method for an approximate
solution, three local coordinate systems for each component
are introduced, as shown in Fig. 2.

The normal displacements of the upper and lower faces are
the same by the previous assumptions and only the directions
of the unit vectors are different due to the face slope. There-
fore, the expression for the normal displacement of each face
can be written as one variable and the six variables for two
faces are reduced to five.

0
ou,,

Us (S, y, 1) = U (8, ¥) = m— (4a)
a 0

Uy, 1) = U5, y) = m, (4b)
Py ay

u,(s, y, n) = us, y) (4c)
oud

u s, y,n) = uxs,y) - m a5 (4d)
aul

uyl(s’ Y, n) = uSI(S’ y) - ay (46)

Fig. 2 Local coordinate systems for each component.
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where superscript 0 means the values at the face midplane.
Based upon the CLT, the strain energy of upper face can be
written as:

1
Ufu = Effj {U.Sssxs + OyyEyy + TS.\'YYY}“ de“ (5)

Substituting the constitutive equations and integrating the
above Eq. (5) over the face thickness give

U = 5 | enitaten, asay

* fj {e}2[Byl.ix} dsdy
* % JJ {«}7[D;).{x} dsdy ©

where [A4,],, [B,],, and [D,], are the extensional, coupling,
and bending stiffness matrices of upper face, respectively, as
defined in Ref. 12. Similarly, the expression for the lower
face can be written as:

Up = 1 [ tenrta,1en asay

* f[ {80}17-[31'/]1{'(} dsdy
* % ff {x}7[Dyl4xt dsdy -

Under the normal distributed load g,, vertical distributed
load, ¢,, and vertical concentrated load, Q,, in the upper
face, potential energy by external works can be expressed as:

V= - ” q:(s, y) up(s, y) dsdy

- H q.(x, y) wi(x, y) dxdy
~ Qulxo, Yo) WNx0, Yo) 8

Compatibility Conditions

Using three local coordinate systems for the upper face,
lower face, and the core, compatibility conditions give the
explicit expressions for the core transverse shear strains in
terms of upper and lower face displacements as:

o 1

Y = o T 2h00) [(u,, — uy) cosp — 2ul sinB]  (9a)
an’ 1

Ygz = E - Eh—(x_) [uyu - uyl] (9b)

wl= %(us,, — uy) sin + uf cosB (9¢)

where u,,, u,,, u,, and u,, are the face displacements at the
interfaces. The difference from the uniform thickness case
(see Ref. 13) is expressed in Egs. (9a) and (9¢). The transverse
shear strain v, in core and the structural deflection w' are
determined both from the face inplane displacements and
from the face normal deflection for the nonzero of 8.

Displacements Assumptions
To apply arbitrary edge conditions, all the displacements

can be expressed in general form, as in Ref. 14. The displace-
ments of each face are expressed by unknown coefficients

Cl,, — C3, and the proper shape functions ¢, — &}, sat-

mn

isfying the given edge conditions as:

U,(5,y) = 2 2 Ch bhn(s. y) = {$5,}7{CL} (10a)

W,(5,y) = 2 2 C2, d2,.(s,y) = {$2,}7{C2,}  (10b)

Il

u(s, y) = 2 2 Ch d2(s, y) = {62,47CL,} (10c)

m

I

ul(s, ) = 2 2 Chy Ghals, ¥) = (L, 1{Ch}L  (10d)
Wfs,y) = 2 2 Co (s, y) = {62.,37C5} (10e)

Substituting the above expressions to the strain energy and
the potential energy by external works gives

U, = 3 osBCI (K] - [KD(CH (1)
et e [C
oo e o]
+ {g} [KHCL) + S{GHTRHCL) ()
o3[
A% e + Sewmncs awo

vV = —{C}"{F} (11d)
where
{C} = [{C7 {CAT ACLT {C T, G
{FY" = [{F},}7, {0}, {F}..}7, {0}7, {0}7]

Detailed expressions from [K'] to [K®] and related quan-
tities are given in the Appendix and the components of equiv-
alent force vector {F} are given below.

{Frl‘nn} = Qo(xm yO) SiIlB COSB {¢:nn}(xn,yn)

+ sing cosp [ [ qu(s. ) (k) dsty (122)

Fh = [[ a6, 902} dsty + % sin cosp

{03088 + [ a6 008 asar}
+ cos’B {Qu(xm Yo) {d’im}(m)vu)

+ [[ 0o o aso} (120)

Approximate Solution

To get an approximate solution, the principle of minimum
total potential energy is applied. The partial differentiation
of the total potential energy with respect to each unknown
coefficient is expressed as:

oIl
o0 i=1...., 5 13
PYe) ! (13)

“mn
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Rearranging the above gives a linear matrix equation as:

[gHC} = {F}, i j=1,....5 (14)

where [g;] is the symmetric equivalent stiffness matrix having
5 X 5 submatrices. Detailed expressions for each submatrix
can be obtained directly from the partial differentiation of the
total potential energy. By solving this matrix equation, the
unknown coefficients are obtained and all the related quan-
tities can be determined.

Results and Discussion

Verification of the Analysis

The uniform sandwich plates under all simply supported
edge conditions are analyzed for comparisons at first. The
shape functions used are given below.

Ly = €COS —— sin —= 15
- cos p sin b (153)
2 g TS ny 15b
mn = SIN == cOS — (15b)
s g mms . onmy 15
e = S0 sin =0 (15¢)

The material properties are E;, = 206.43 GPa (30 x 10°
psi), E\/E, = 40, G,,/E, = 1.0, v;, = 0.25, G, = 116.98
MPa (17,000 psi) and G,; = 240.84 MPa (35,000 psi). The
dimensions are ¢ = 1.27 m (50 in.), 2k, = 0.0254 m (1 in.)
and g, = 6881.1 N/m? (1 ib/in.?). The remaining dimensions
are determined from the geometric parameters. The stacking
sequence of the sandwich plate is [90/0/core/90/0];. The core
rotation angle ¢, is zero. Five effective expansion terms in
both directions are taken in the displacement assumptions for
the calculations. The IMSL subroutine DMLIN was used for
numerical integration. The midpoint deflections and the re-
sultant forces in both faces are compared with those of pre-
vious results of Ref. 2 in Table 1. They show very good
agreement.

The comparisons based upon the structural deflections are
performed for the tapered sandwich beams with the results
of previous experiments and finite difference method in Ref.
6. Experimental geometry, loading and boundary conditions
are shown in upper side in Fig. 3. Because the thickness of
core in the present analysis decreases linearly in x direction,
the experiment is modeled as shown in the lower side of Fig.
3. The shape functions used are given below:

mms

1 = Qjp — 1
sin = (16a)
dmn =0 (16b)
I — _m_@ 16
mn 1 COS 2C ( c)

103.5

51.8

N

1765

(1-8"ho
-

Fig. 3 Modeling of previous experiment for comparison of ‘‘quasi-

stiffness.”’

Table 2 Comparisons of quasistiffness between the present results
and the previously reported experimental and theoretical results

P/(8, — 8,), KPa

HR FDM® Exp.® Present
1.00 1772 1772 1773.8
1.11 1848 1779 1851.3
1.43 2034 1986 2047.5
2.00 2289 2282 2332.5

Table 1 Deflections and resultant forces at x = a/2 and y = b/2 for uniform sandwich plate of [90/0/core/90/0], with
all simply supported edge conditions (¢ = 1.27 m, ¢, = 6881.1 N/m?, 2h, = 0.0254 m)

AR, a/b 2hylt, w’ 3 m w'(present), m N2, N/m N (present), N/m

4 5.121 x 10~ 5.123 x 107# +217802 +21920°

10 —21780° —~21798°

’ 10 1.421 x 1073 1.422 x 103 +26360° +26587¢
—26360° ~26395°

4 4.168 x 10-° 4,188 x 10°° +1268.7° +1318.5°

25 —1274.8° —1293.3°

’ 10 9.103 x 10-° 9.141 x 10-* +1061.72 +1122.4»
—1064.2° —1095.5"

“For lower face.
For upper face.
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The material used for faces are Al alloy of £ = 68.17 GPa,
v = 0.3 and for core are polystyrene of G,;; = G,; = 3.68
MPa. Fifteen effective terms in the displacement assumptions
are taken in x-direction. From the deflections at two points,
the quasistiffness is calculated. The comparisons are shown
in Table 2. The present calculations show more stiff results
about 0.1-4.0% than those of the previous experiments. Con-
sidering factors such as the difference in modeling itself and
experimental errors, the present analysis can be said to give
good results.

The structural midplane deflections are compared with those
of the finite difference method in Ref. 6 for the tapered sand-
wich plates. The boundary condition is free (F) at the thin
edge (x = a) and simply supported (S) at three edges (ab-
breviated to SSFS, counterclockwise from the edge at x =
0). The shape functions used are given below

mms niry

$on = €OS = = sin == (17a)
2, = Sin %”CE cos Kl—? (17b)

s _ g TS G Y
¢, = sin 20 Sin— (17¢)
The external load is sinusoidal as g, (x, y) = g, sin (7x/a)
sin (7ry/b). The material is isotropic of £ = 251 GPa, v, =
0.3 and isotropic core. The dimensions are a = b = 0.5 m,
t, = t; = 0.005 m and T, = 0.025 m. After the convergence
tests, eight and three effective terms in the displacement as-
sumptions are taken in x and y directions, respectively.

The deflections are shown in Fig. 4 for various core shear
moduli along y = b/2 (HR = 2.0). The deflections by the
present analysis are smaller than those of previous work in
the literature because the faces in Ref. 6 are treated as mem-
branes by neglecting the face-bending stiffness for the thick
faces. But the present analysis includes the face-bending stiff-
ness as well (by CLT) and, therefore, shows more stiff results.
As the core shear rigidity R, decreases, the differences are
getting smaller.

Illustrative Examples

The material properties used for faces are E; = 181.0 GPa,
E, = 10.7 GPa, G,, = 7.07 GPa, and v, = 0.28. Those for

0.20
- S
0.16
y
- - -~ FDM [6]
0.12 - present

Fig. 4 Comparisons of deflections along y = /2 for various core
shear moduli with SSFS edge conditions.

core are G, = 110.32 MPa and G3; = 44.128 MPa (see Ref.
15). The dimensions taken are ¢ = 1 m, ¢, = £, = 0.00l m
and T, = 0.025 m. The remaining dimensions are determined
from the geometric parameters.

For the first case, SSFS edge conditions are used. The used
shape functions are same as in Eq. (17). The structure is under
the uniform normal distributed load as ¢,(s, y) = constant. The
stacking sequence of the sandwich plate is [90/0/core/90/0];.
The core rotation angle ¢, hereafter is set to zero.

As the taper ratio HR is increased from 1.0 to 10.0, the
deflections at the x = aand y = b/2 are shown in Fig. 5 for
various core moduli ratios (AR = 2.0). As the taper ratio
increases, the deflection increases up to a certain taper ratio
and then decreases. This is due to the change of the dominant
factor for the structural stiffness from the stiffness reduction
by the core volume change to the increase of the face slope
participation. The deflections along y = b/2 are shown in
Fig. 6 (HR = 1.0, AR = 2.0) and Fig. 7 (HR = 2.0, AR =

1.0

0.8 -

CR=1.0

z|

Fig. 5 Effect of taper ratio HR on the deflection at x = aand y =
b/2 for various core shear moduli under SSFS edge conditions with
[90/0/core/90/0], (AR = 2.0).

0.5
- S X
‘|1|||
0.4 |y ANIMIIIIH
z CR=1.0

03 CR=1.5
_ CR=2.0
w -

0.2 F

CR=2.5
0.1F CR=3.0

Fig. 6 The deflections along y = b/2 for various core shear moduli
ratio CR under SSFS edge conditions with [90/0/core/90/0], (HR =
1.0, AR = 2.0).
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2.0) for various core moduli ratios. The deflections are more
influenced by core shear moduli for the tapered case than
those for the uniform case.

The effect of face-stacking sequence is examined for the
SSFS edge conditions. The stacking sequences taken for com-
parisons are three cases of [0/90/core/90/0],, [90/0/core/90/
0] and [90/0/core/0/90],. The deflections along y = b/2 are
shown in Fig. 8 (HR = 1.0, AR = 2.0) and Fig. 9 (HR =
2.0, AR = 2.0). They show a little difference in their mag-
nitudes.

For the second case, the edge conditions of clamped (C)
atx = 0, free (F) at x = a, and simply supported (S) aty =
0, b (abbreviated to CSFS) are used. The shape functions
used are given below.

L TS g Y
¢, = sin % sin b (19a)

1.0
0.8 |
CR=1.0
_ 06F CR=1.5
w i CR=2.0
0.4
0.2
B CR=25 [cR=3.0
0.0 1 { 1 I | | ! | |
00 02 04 06 08 10

Fig. 7 The deflections along y = b/2 for various core shear moduli
ratio CR under SSFS edge conditions with [90/0/core/90/0], (HR =
2.0, AR = 2.0).

0.60
0.48 -
[d/807 core /9d/0° 1y

B ————— [9d707 core/3d/" 11

0.36 L [9d/07 core /07/90°);
w . CR=2.0 ===
0.24 L —“—.:?\...,j‘\'.\\
012 CR=3.0 RS
OOO i A1 L 1 L H ] 1 1
0.0 0.2 0.4 0.6 0.8 1.0

Fig. 8 Effect of stacking sequence on the deflection along y = 5/2
with SSFS edge conditions (HR = 1.0, AR = 2.0).

1.0
[d7e07 core /970" 11
- ————— [9d/07 core /9070 11
......... [od/0Y core /o’/go‘].r
0.6 - CR=1.0
w -
0.4 - CR=2.0 . ,/ ..... —§§‘\\ -
| /" Q o - .
o«
# Pt S T T
0.2 +-
B CR=3.0

Fig. 9 Effect of stacking sequence on the deflection along y = b/2
with SSFS edge conditions (HR = 2.0, AR = 2.0).

0.5

0.4 -

CR=1.0

0.3 B

Z|

N IR T SO T SN
3 4 5 6 7 8 9 10

Fig. 10 Effect of taper ratio HR on the deflection at x = aand y =
b/2 for various core shear moduli under CSFS edge conditions with
[90/0/core/90/0], (AR = 2.0).

. g mms o nmy
¢ = sin == cos b (19b)
b = (1 — cos %) sin% (19¢)

As the taper ratio HR is increased from 1.0 to 10.0, the
deflections at the x = a and y = b/2 are shown in Fig. 10
for various core moduli ratios (AR = 2.0). The trend of
deflection increase or decrease is influenced more by the core
shear moduli ratios for the high taper ratios than that for the
SSFS edge conditions. The deflections along y = b/2 are
shown in Fig. 11 (HR = 1.0, AR = 2.0) and Fig. 12 (HR =
2.0, AR = 2.0) for various core moduli ratios. The deflections
are less influenced by core shear moduli for the taper ratios
between 1.0 and 2.0.



1768 JEON AND HONG: TAPERED ANISOTROPIC SANDWICH PLATES

0.5
- S ”
PR |
0.4+ (I
- 2
0.3 F
W L CR=1.0
0.2+
CR=1.5
- CR=2.0
01
K R=2. =
0.0 1 1 CR=2.5 IQCR :5.0L

0.0 0.2 0.4 0.6 0.8 1.0
x/a

Fig. 11 The defiection along y = b/2 for various core shear moduli
ratio CR under CSFS edge conditions with [90/0/core/90/0), (HR =
1.0, AR = 2.0).

0.5

0.4 |
03 CR=1.0
w -

0.2 CR=1.5

| CR=2.0
0.1+
0.0 CR=25 JcrR=30,

0.0 0.2 0.4 0.6 0.8 1.0
x/a

Fig. 12 The deflection along y = b/2 for various core shear moduli
ratio CR under CSFS edge conditions with [90/0/core/90/0], (HR =
2.0, AR = 2.0).

Conclusions

A new approximate method is used for the analysis of the
tapered sandwich plates with anisotropic laminated faces and
an orthotropic core. Local coordinate systems for each com-
ponent are introduced. The faces are analyzed by the classical
lamination theory. The inplane displacements of each face
are taken as independent variables. For the tapered case, it
is shown that the core shear strain is related directly to the
face normal deflection. The total potential energy is obtained
and the Rayleigh-Ritz method is employed for an approximate
solution. The present formulation can be applied to arbitrary
edge conditions.

The comparisons based upon the deflections with those of
previous works confirmed the validity of the present method.
The numerical calculations for various edge conditions, taper
ratios, core moduli ratios, and stacking sequence are per-
formed. As the taper ratio increases, the deflection increases

up to certain taper ratio and then decreases by the contri-
bution ratio change of each component to the structural stiff-
ness. The increasing or decreasing trend is dependent upon
the material properties, taper ratios, and the edge conditions.
The deflection is more affected by the core shear modulus for
the tapered case than for the uniform case.

Appendix

The matrices from [K'] to [K?®] defined in Eq. (11) and
related quantities are shown below:

(K] U [R] [GY] [R]” dsdy (A1)
= [ scosp (R ) IR a5y (A2)
&) = [[ 1P 14,0, 1P)7 asay (A3)
k9 = [[ 1P 181,117 asdy (a4)
k1 = [[ 1P DL1PY dsay (49)
k1 = [[ (P11 dsay (A6)
- [[ tr118,11P7 asay (A7
(k) = [[ 17 D1P7Y dsay (A8)
RY R}
Ry 0
[R] = | Ry Ry (A9)
R} Rz
Ry 0
Ry = ¥sinB {43} (A10)
1 2
Ry = - T(x){dmn (A11)
Ry = Bt g ()
v S + cosp (02, (A12)
Ry = —-smB {dmt (A13)
R = s (93 (AL4)
N sy Cosp
( Rl)~ ! tanp {d>,,m}( Zh())w,,,,, (A1)
L+ 1 0 +
Ry = ‘“4— ng {¢,} + shir) < sB {d5.}
v )m,,,} 1oL (Al6)
Ri = — Ftang [¢i,} + 3o cosB 8L} (A1)
o[t o @
1= om0 {¢>,,,,,}] (A18)
[P] = [oid (it (60 (A19)
2 9
= (A20)
s o 9
= %0 (A20)
= %— (A22)
ds



JEON AND HONG: TAPERED ANISOTROPIC SANDWICH PLATES 1769

;. 9P,

= A2
Hin ay ( 3)
. a¢;
8 — mn
= (A24)
(:) 3
:, = (A25)
ay
az(b}
10 — _ —_Fmn
nn asz (A26)
az 3
b= - Lom (A27)
)%
62 3
= —2 =" (A28)
asay
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