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Introduction

This report supplements the mathematical analyesis of the deflection of a
simply supported rectangular sandwich panel under uniform transverse load
given in U. S. Forest Products Laeboratory Report No. 1583-C.2 Formulas are
derived and curves presented for determining the central deflection and
the maximum stresses and strains in the facings and core of a panel having
isotropic core and facing materiale. Thesé formulas and curves incorporate
the effects of the transverse shear deformations in the core. They also
take into account the effects of the bending of the facings about their

;This progress report is one of a series prepared and distributed by the
Forest Products Laboratory under U. £. Navy Bureau of Aeronautics Order
No. NAer 01019, 01077, and 00938, Amendments Nos. 1 and 2, and U. S. Air
Force No. USAF-(33-038)(51-4066-E and 51-4326-E). Results here reported
are preliminary and may be revised as additional data becomes available.

gMaintained &t Madison, Wis., in cooperation with the University of
Wisconsin.

éEricksen, W. S., Deflection Under Uniform Load of Sandwich Panels Having
Facings of Unequal Thickness. Forest Products Laboratory Report
No. 1583-C, 1950.
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own middle surfuces and therefore extend into the range of moderately thick
facings. In the analysis the facings are considered as thin plates in the
sense that transverse shear deformations within them are neglected.

The analysis in Report No. 1583-C led to a double Fourier expansion for the
deflection. This expunsion was transformed to the M. Levy form, which is more
suitable for use in computations, under the assumptions that the facing and
core materials were isotropic, and the facings could be considered as mem-
branes. In the present report, a similar transformation is applied to the
double Fourier series derived under the assumption that the facings bend about
their own middle surfaces. ’

Specific formulas for the components of, stress and strain in the facings and
core were not derived in Report No. 1583-C. Such formulas, however, are
readily derived from other formulas developed in that report and are given

in the present report in doulile Fourier form.for a sandwich panel having
orthotropic core and facing materials. These Fourier expansions, reduced to
the case of isotropic core and facing materials, are then transformed into
forms more suitable for computetions. .

The mathematical analysis. in Report No. 1583-C, and consequently that in the
present report, are based on a number of simplifying assumptions that include
the following: (a) the effect of the transverse shear deformations in the
facings is negligible; (b) the effect of the bending of the core is negligible;
(c) the transverse shear strains in the core are constant over the thickness

of the core; and (d) the core and facing meterials are not stressed beyond their
proportional limits. These assumptions have been widely used in sandwich-
plate theory and have been proved appliceble to various types of problems by
comparisons with results obtained in actual tests. The possibility that one

or more of these assumptions may not be applicable to a particular construction
and load should be kept in mind, however, in the application of results derived
under such assumptions.

In the present analysis, a number of operations are performed on single and
double series. These operations have been proved valid by considerations not
included in this report.

Notation
a, b dimensions of the panel
C thickness of the core
Ep Young's modulus of isotropic facings
(1) (1) _ . . .
exxs ©yy components of strain in facings i, i = 1, 2
C c
egxz Béz) components of shear strain in the core
f1, o thicknesses of facings
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p uniform load per unit area

X ¥ coordinates with axes shown in figure 1

w . ; normal deflection of panel
Zl 22 ) . -,coorqinates with' axes shown in figure 2
}\f=l-02
ﬁ;zx, ﬁ;yz shear modul? of orthoﬁpopic core
w' shear modulus of isotropic core
& o

Poisson's ratio of isotropic facing material

Results and Discussion

i

Formulas for determining the central deflection and the components of stress
and strain in the facings and core of a uniformly loaded sandwich panel are
given in this section. These formulas, which are derived in.this report, apply
to a rectangular panel having simply supported edges, isotropic facings, and
either a core material that is isotropic or one in which & ,4 = “'yz.

The following parameters, in addition to those defined in the notation, deter-
mine the deflection and components of stress and strain:

- fl‘a G f23

Ig - (1)
12

2
= 51_3@__Q v f1+ .f2> (2)
fl + f2 2

_ Cflf2‘n 2Ef

£ (3)
(f1 + £p)arpw’

—

5 ot (1)
Ix If
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The parameters have the following significance: If is the sum of the moments

of inertia of the facings about their respective middle surfaces; I is the
moment of inertia of the spaced facings about the centroidal axis with the
stiffness of the individual fa01ngs neglected; S is the shear-flexibility
co-efficient of a core, and 3 is a parameter that determines mainly the effect
of the bending of the f301ngs sbout their own middle surfaces.

The central deflection is given by the formula

sy W ia : (5)
. LS Ef(I" T 1 ff ZI + Lp)

in which paremeters A; and A, are determined from flgures 3 and 4, respectively.

The strain components in facing i, i = 1 or 2 according as the thiclkness of
the facing is fl or f2 as shown in flgure 2, are maximum with respect to x and

y at ‘the center of the panel. Reference to (3.4), (3.10), .and (5 13) indicates
that these components can be expressed in the forms

og (1) . = aphe MlBl + smila2 (6)
*xooomex R (T + IfS 3
‘g2
eyyli)pax = a7phy [Micl * SNiCe-! (7)

EffI +'If$ ‘

in which parameters Bl, B2, Cl, and C2 are determined from flgures 5, 6, T, and
8 respectively, and

/ \ ~
M =2, - ___3EL__. ¢ + fl_:_£§1
If T
N. = 4 7z.I + ~f2 bo & 2k 2 N 1
T \ 2 }{/E1+1f)
- % > (8)
2 & {
My = Zp + ! _ fec+ o B |
1+ % z ) |
i 7
N, = <20 - £ f1+f2ar' 1
2~ .2 TR L { T+ ig)
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Figure 2 indicates the origins of the coordinates Z; and Z,. The corresponding
components of stress are given in terms of the same quantities by the formulas

2 f '
e = 2P __.'M;(By +7Cy) + SN; (B, +oCyp) (9)
X1 max EI N If) L¥1 1 1 ZJ
and
; - -
Yoi pag = —2P [M.@@By + Cq) + SN. (0B, + C,)|. (10)
yi max (I + 1p) shAeT] 1 itvee 2J

The maximum shear-strain component in the core occurs at the center of the
longer side, length b, and is given by the formula

3 \
e (¢ _ aPrg /1 R N BT (11)

ZX max
Eq(I + 1) 2/

in which parameter D is determined from figure 9, The strain component EZE
evaluated at x = %’ y =0, is given by the formula

35 A © o L f
e gcr)nax= e S L TR (12)
T Ep(I +1Ip) 2c

in which the parameter F is determined from figure 10.

1. The M, Levy Form of the Expansion for the Deflection Under
Uniform Transverse Load.

The double Fourier form of the expansion for the deflection under uniform load
of a simply supported panecl having isotropic facing and core materials can be
obtained from formulas (A38), (ALl), anmd (AL2) of Report No, 1583-C in the form

FETT g nTx ., nmuy
16alipA ¢ \ } sl e iz
W = o e—— i

WOIEf i‘lI. !'I'_H_ mn[zf. (m2+ n2 2) + (me_+ n? p2)2
I

where
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p = E (1‘2)
b
f1 £ ; f1 + 1, 3
I = i + (1.3)
£, + £\ 2
£13 + £,3
Ip = 10 7 20 (1.L)
12
cfqf 772E
N B2 2f (1.5)
(£1 + £p)aNph'
g and y are coordinates with axes as showm in figure 1, and the symbols
. s |
ZQJ and ZéJ denote summation over all positive odd integers m and n,
respectively, Formula (1.1) can be written
g “rb e o, sin I7X sin 17
w=K | | {1+ s(m? + np?d)} a _gy (1.6)
T ‘n
' 2 . . <2
= mn (m? + n%0 )1+ 87 (m2 + n202))
where
N Gatbny A
K = A°P f (107)
7 CEe(I + Ip)
and

5 =\/ = (1.8)

I+If
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The M, Levy form of thé expansion for w is obtained from (1.6) by summing with
respect to n, In this| summation, it is convenient to consider w as the sum

W = Wl + 'W2 (1-9)
where
73 Ll s m7mx ... .07y
/ i Sln_’. = Sln
w, =K |/ a o (1.10)
= B2 2, 2
mn(m? + n2p2) {1+ (me+ nfp?))
and
I . mTXx _..nm
E sin sin
wy =5k / xS v (1.11)
T mn(mf+ n2pd{1+ 5-2(m2+ n2p2)}
Consider series (1.10) and let
sin LY
W= 4= "273 e (1.12)
2 5%m(m? + n%p 2%y © + n%?)
where
2 1 > e
€ = * 1.1
n = +m . (1.13)
Evidently
N -
Wl = K LW sin "-"')—( (lolb-)
m m a
Aith the use of (1.13, series (1.12) can be written
. i l ' 52 52 i n
Wm= A 3 + = sin —E-—
: -mn[(mz e 02,22 Emz+ %2 ma(n® + 2 p?)]
(1.15)
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From equation (AL9), in Report No. 1583-C

L

N St

é an(m2 + 02 2)2

2 + atanha }cosh mrfy -bl mnfy - b
il l—{ m Jul ) a,\?._ ?_/L a (y 2 2 (1.16)

Lm 2 cosham

and from (A 48) of the same report,

__nmy wr ¢ b
Z SR .7 ]1 oS (3-7) (1.18)
mn(m® + n’ 2y Lmd L cosh qp

From the last expression, it is evident that

iy Y - i’_( - b)
Sl T h_cesh T (1.19)
h rnn(€m2 +1%p?) Ime m2 coshf ;
where
e
ﬁm - _m o (1.20)
2p :

Substituting formulas (1.16), (1.,18), and (1.19) into formula (1.15) gives
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I

2+ tamh . cosh Mo fe o DY & e "..'"Ejs{nh mi. b
.= l\.‘fﬂ /_] Qy 5 S {7 E

...iT._. I t m 2 » a \ i.\'-
hm I 2 cosham
» T 5 & q':— B .y “b'_l .
: -COSh—'(J'—) © cosh [y — =
+ WO 11 = N2 o~y |1 - E-QJ 2’! (1.21)
‘m L COSh'Bm hmB cosha p

If this expression is substituted into (1.1ll), the terms that are independent
of hyperbolic function can be summed. The required summations are:

sin fX

S |
N i (! = 2 ax° + 3x) s
= m~ 96a1‘
sin DX 3
é n’ 8a2

A

_ mx s M7 X T e o @
<< sin =% < sin’—= 52 <- cosh E'S-(x 2\)

"". — = , = (1.2h)
é m em2 é m(% + mz} L cosh ‘-
25
Formula (1.24) was obtained from (1.18) by interpreting m? m ag 1 . The substi-

2
tution of (1.21) into (1.14) and the use of (1.22), (1. 2£} and (1.2L) gives
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aupA f xh - 2aij-+ adx 52(x2 = ax) el cosh X (x = E)
= ' 5 ofn as .
wy = - + + & 4 ~)
Eo(I + Ig) | 2hat 2m a? ”hk cosh m__
2%
: 1 i 7 b 77 b -
L T\-:J!?Q-a tanh a cesh %{3"-5}* —a-x\ny’; sinh %—\y =3 }
a5 /] 5
/m 2m cosha
2 me : 2 - ‘ I =
§°cosh Wy - D §°cosh ™ (v - %} ' I
+ = a |\ 2/ _ ; =  sin BT X (1.25)
m e ° coshp m m’cosh a | 4 '
J _

The formula' for wy for a plate of width a and of infinite length consists of

the terms in this expression that have been summed with respect to m.

The summation of the series (1.11) with respect to n and partially with respect
-to m can be accomplished similarly.

Let
. nwy
. N sin —= (1.26)
= 2 ;2 2 e 2 2o\
m AS' mn{m“ + n ,ov,)(em + n°p°)
.s0 that

Wy - XS A U_ sin R7X m"x (1.27)

With the use of (1.13),

1 1 L. nTy (1.28)
mn(m? + n2 52)  mn(e 2 + np 2) rl b

Um‘é

and, therefore, with the use of (1.18) and (1.19),

l— b‘—l " b
cosh-—-#y -2 © cosh —Z'y = 21|
bm31 cosha lm € g cosh pp 1 :
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The substitution of formula (1 29) into (1.27) and the use of (1.23) and

(1424}, then gives H e st
— -
dioaes | o2 - ax) 82 [ CoSn g x-3))
= p -‘f— e — (l bt
Ef(I"'Ip)_[ em 23“2 —;E cosh .-
= 4, e - 28
[ iy L o B ,
L ‘\_\_{cosh—;(}’ TR }_ G == L 2) sin DFX - (1.30)
w2 /m :EmB cosh a mem2 cosh i, l a J

The formula for wo for a plate of infinite length consists of the terms in
this expression that have been summed with respect to m.

The central deflection, W pa4, is obtained by evaluating w at , _ 3, y _ b.
”I;Qggf(l.ZS), . (1.30), =™ ana (1.8), o 2 2
h'%x £ ~ o (1.31)
max Ef I +JJI r 1 +ISA2 ! TR e 2 _ “
,__ I + If H ’ e B A
where . o __ .
5 ; + Gmtanh am? i
2 ' Ay 2 . (1.32)
k = - J e S “'}. . . . -
1° 38 1—5 [ "}m5'cosh a - ":._'{ ’ :
e n=-1
NPRE SO NS S W W A W W e
2% gm2 " L 7 :5' /! {m3coshna me 2cosh;f.i
cosh 22 Mol m f’j

-

(1.33)

-Plots of Al and Ag as f‘unctlons of ;’ for varlous values of X &~ are given in
figures 3 and L, r respectlvely. —_

EE
2, The Comporents of Strain in the Facings and Core of Sandwich Panels
Having Lrthotropic vore and Facing laterials

Th=s stain components in the facings of a sandwich panel having orthotropic
ccr2 and facing materials are obtained from equation (AlL) and (A5) of Report
No, 1583-C in the forms:
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< ; 4

e,(c];) = ); (kmnm + ;f.]-' -2 -linﬂ (2'1)
Zé; n \\ 2 1 aKZ

S T T | ..zJ) > (2.2)

7 /m sy e 3y’

(2) 7 | £2 L 3w

exx = -/_m ‘_n\kmn (C - 011111)+ —_— L (203)

% S G
and

NN e - W e

e(z) & ;l S N i f2 L ¥ wmn

vy /__ém dﬁ\t—hmn (': rm) "2— + ZE l, ayz (2bll)

In these expressions, the superscripts 1 and 2 refer to the facings 1 and 2,
respectively, Z) and Zp are coordinates with axes and origins as indicated

in figure 2, w,, is a term of series (A38) of Report No. 1583-C, and the par-
ameters kpn, hpn, amny and rpn are determined by (A2h) of Report No. 1583-C.

The components of shear strain in the core,

eéﬁ = A /{1_ (1 - kpn) S50 (2.5)
and
~ % B - _
elc) _ = mn
ele). é S @) (2.6)

-are obtained from equation (A6) of Report No. 1583-C.

Cqﬁbinhtions of the paraheters kmns hmny Gmns and rpn that are required for

the evaluation of the above strain components are determined in the following
forms from (A2l) of Report No., 1583-C:
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f 2,

-
(£,2 - £,2 = 2c£,) ] AeNe ]
kmnQmn = - 2 (71 + Ip) IL-&-SY +'ym ~ 8¢ (B=y) np r
. o
flj* Y
7 Slant + yn®p®) + Sx (boy) 0? e SySyFin
.\ o .
+ |1+ 5,602 + yn2,?) + 5 (0202 +7m2> (2.7)
I - : \a : v
where
= (1 - £°) nn?p? +'yGy,mL‘ +2/3m2 2+ —&) (2.8)
a.n.d 28

ca s =y o

‘ Iy +Ey : :
I1+S)fka +ym2) "S\x(‘B"Y)nZP 2 5o {Sx‘il m2+yn2p' 2)+Sx(b Y o & SxSyFumj’ I
Kon= 2 2

1+ Sx(a m? +’yn2p-2) + Sy/&pz'*' 7111)* SxSyan
a. o =t it E .

(2.9)

The expressions for hyr . and h, are obtd:med by substituting S for S Sy gli for

nz_q-z, a-]-' for @, and vice versa in (2. 7) and (2.9), respectlvely. Flnally,

k(e " qp) and h (e =-q mn) are obtained from kG @nd by ro . respectively
by substituting fj for f2 and f2 for fl in the latter éxi)ressions. Definitions
of the symbols .SE’ Sys¥s A, and a that appear in formulas (2.7),.(2. 8“), and

(2.9) are given in formulas (432) of Repof"t l?o. 1583-C.

3. The Components of Strain in the Facings of, Sandwich Panels
Pamng Lleebhrapic -Core and rac:.ng luater:.als

T e e

B et ¥
e e s AU A3

If tne core and facing materlgls are 1sotrop1c,

“ ~
a:ﬂ:l et [ w
l-0 N
Yy =T e (3.1)
and
S = Sy =S R
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where ¥ is the Poisson's ratio of the facing materlal and S is given by formula
(1.5). Equation (2.7) then reduces to

f]_z = f22 = 2cf2 f]_S ( . n2 2)
2(f1 * Ip) - o (3.2)

1+S(m2+np2)

KpnnGmn = =

The expression for kmn(c - gmnlis obtained from equation (3.2) by substituting
fl for f2 and f2 for fl In the case under consideration, Wpn is a term in

the)sern_es (1.6). From formulas (2. l) and (2.3) therefore, the strain components
(i

€xxs i=1, 2, may be written as

. B+ 't & 52 iy BT o DT
(1)3,K‘"2 Q\'Tdﬂii-NiS{m +np2)}&. sin —— sin -5 (3.3)

€xx a3 Ak n@?+ )2 {1 +32(m? + n% 25}

where
f2 fl + f2 \
Ml = Zl — (C +
fl + f2 \ 2
. M =7
3l
, f. fl + f2\ ;‘r ( )
M2 = + Zz + — o +
fl + fz 3 )
t
Nz = + 22
. - -
Similarly, from formulas (2.2) and (2.3),
2<—Y{r‘ +IT'S(2 22) ZSmL)ESI'r/n
(1) JLl“l j2lm™ + n=pT)ne (3.5)

-—2 /Z_ m(m + n2 2)2{1 + 5°(m° + npz)}
where i = 1, 2, and Ml and N are def:.ned by (3.4)e
Series (3.3) and (3.5) can be summed with respect to n by methods similar to

those used in section 1. It is observed from series (1.10), (1.11), and (3.3)
however, that

(1) 32m ! 32W2 (3.6)
ell/= ~ M; - N; 3e
XX 1_3‘;? l'—a‘";z —
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and from (1.10), (1.11), and (3.5) that

(1) _ My 33771 ~Ni" 32w2 ;

=" T e TS e : (3-7)
Sy 2 T

Therefore, the repx_;_ejséritéféions of e(i) varzld e(i) that are s_xmm}e_d with respect to

n and partially with respect to m can be obtained by using formulas (1.25) and
1.30) in formulas (3.6) and (3.7)e Results obtained in this manner are given
as follows:

al Mg cosh -ZT— lx - -"51-)
‘ e(i) = ¥ sz _bo_? as 2
*x Ep(T+ If: L 2a° n cosh -%5
by m7 b . i) ( b
(2 +a tanha ) cosh—(y \)--a—(y---z') sinh = y--2-)
'.rr3 2 o3 cosh 2y
m b by N\
m8.2 cosh (Y = '2“) t} .ccegh _?(y i “ mx
+ . - Sin S
em_2 cosh b .~ moeosh2z ) A f
o N
{ ‘ Te b > ™
; Py T (x -2 ne —-"--’-~cosh'.=ﬂ'.._- :
> ”2\ cosh —. m m cosha Emz cosh 5/ &
L (3.8)
- : w7 by _m7 /.o _b o7, b
W [ St e EO Y F (- Pante-}
vy L+ L) 3 * /m ] 2 o8 coshinm
2 TmE -b ~ --} E\% L h'."::‘m _b
+5 cosh -—-vz(‘.‘f -2.) ) & < cosh [y-—-2)1 Sm_}m""@ﬂN,\\Jcos oy ( 5
m cosh 3 m cosha j a = 141 m.cosh 1
m by K
COSh-—'( -—)f .- { TR
215 sin WX (3.9)
— ' sSin —— )
m cosh 4 a
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The terms in formula (3.8) that have been summed with respect to m represent
the strain component of a plateof width a and of infinite 1ength.

The maximum values of the strain components with respect to x and y occur at
the center of the plate where x = ?, y= 5o Fomulas for these components
can be written:

) 2Pe coa ]
o max BT+ Ip) [aR1 * Y - 0)By (3.10)
where’
S Rei -
8w 3 cosh a'm /
m-1
: 1N b S FR. T2
Gl ) - i 12
¢ 772 ( = COSh._...) ‘I'TB Z% COBha, emz ccsh[jm)( 1) (3 )
and
. o (1) 2P’*f _i
where r
- T
c, 2 N 2 Gohay S _—
)  h - .1
y a3 ﬁi mmham( 7
N m-1
2 e T 1e oy 3.19)
? ;3 LT Lm coshgq m B COSh?B_mF( ), .
The parameters By, By, Cy, and C) are ’ﬁlotted as functions of % for various
52 - 2

values of §-“ in figures S, 6, 7, and 8 respectivelys: -

The stresses in the facings can be obtained .from the” st.ran.n components by use
of the formulas

o - ‘X‘f' 'em " geny A (3,18
and _ _
Eg
Y}_f = ;\_ {Ueﬂ * eny (3 -17)
Report No, 1583-D wlbf




If (3.10) and (3.13) are substituted in expressions (3.16) and (3.17), the
maximum stresses in the- facing (with respect to x and y) are obtained in the
forms

.

X = zz—:zi—— (;1(31 +0Cy) +(SN1 - 57, )(Bp + oC,) ) (3.18)
t 1

Y = (1a+p1f) [Mi(or By + Cy) +(SN;.~ 5°M;) (B, + cg)ug (3.19)

L.~ The Components of Shear Strain in the Core of a Sandwich Panel
laving Is.tropic Core and Facing Haterials

The relations (3.1), which exist in the isotropic case, reduce formula (2.9)

to the form
_ ( 5 + f2

)S(m +n P 2)

kmn=

1+S(m +np

With the use of this expression and with W, a term of series (1.6), series . .

(2.5) takes the form - : :

WX gin TJ
e(e)a fy » LI T2\ SKT > S
zX 2 ¢c /B GG & nes Z)f_ +52(m2 + n2p.2)}--

l\ /1

(L.2)
This series can be sumed with respect to n and partially with respect to m
by the method used in section l. It is observed from (1 11), however, that
/£ + £\ %w ‘
(e)afq & 1 2 2
and, therefore, from (1.30),
3 T nh = (% - 2
o(e). _ZPNf Dt f\g| (x-a),8 TE "2
ex — Ep{l+ e 2 c ) 2am? 3 cosh .
’ 20
_— 4 '”( b ﬂem d By N
L < Jcosh e ky = 5_] _ cosh = (Y = 5) ;h. cosmﬁx (Lok)
-n /a 11212 cosha - € coshBm J %
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The maximum shear stra%n occurs at the center of one of the edges X = o0 or
x=a, Atx=o,y= v

8.3p)\ f v fl + f2 \

. zJ(chzlax E‘——'—'—"—f(I T 1) (1*‘"“"""""2_ o )SD (L.5)
where
v |/ \,
1 ® m ..} 7 3 i 1 §
D= = = — tanh — < i - (Leb) -
on? w3 % L A. <f:n2 cosha € e coshﬁm/l (,4

This parameter is plotted as a function of % for various values of »2 in figure
9. '

Similarly, it is found from (2.6) and (L.1) that

-~

) ,' £, 4 £ Law' . | L

St

and, therefore, from (1.30),

- ~
= imn ET(o By gion TR _ DY
(). -ha3p?\f ( R £+ fg)s ()sn_nh a,(y -3} simh—=FE 2)& . m7TX
- , - - ; sin
yz th(I + Ip) 2c /m Lmz cosham . mé ,, coshSm ]( e
(L.8)

The maximum of this strain component occurs at the center of the shorter sides
of the panel. At y = o, x=.;_, e

a3 . :
yz max . 9):
Ef(I + If) 2¢c
where
e ] n - 1
/ﬁ e tagﬁ’“h N2 (4a10)
el | f i

-

The parameter F is plotted in figure 10.
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5. The Reaction at the Iidges of a Sandwich Panel
Having Isotropic Core and Facing Materials

In the present analysis, it is assumed that the effect of the bending of the
core is negligible and, therefore, that bending and twisting moments are
carried entirely by the facings. These moments are given by the formulas:

M, = f/ngl)d z + /(‘zxgz)d 2 (5.1)
ATy Jt2
My ://é’ zY&l)d z + J}ZEZYée)d Z (5.2)
1 2
Mey = -/ ngl)d z - I/ ZX§,2)d Z £533)
f1 /%2

where//f_ indicates integration over the facing of thickness fj, and the
i T

origin of z may be chosen at any convenient point. The stresses X&i) and
Y§1), i =1, 2, are obtained from (3.16) and (3.17), respectively, with the

use of (3.6) and (3.7). The shear stresses Xgi), i =1, 2, are given by
the formula -

i~ ‘ \1
(1) { 22 Wy ' 32 W (5.4)
(1) = o ¢ oMi + M > .
% T ax oy 3% Jy [ 2

where Mi and N{ are defined by (3.4). This formula is derived from equation
(A4) of Report No, 1583-C with the use of (3.2).

The reactions at the edges of the panel are computed from (5.1), (5.2), and
(5.3) by the usual formulas. When these evaluations are made, it is found
that the reactions are independent of the parameters S and % and are the same
as those of an ordinary plate. Numerical values of these reactions may be
obtained from Timoshenkol, table 5.

}Timoshenko, 5. Theory of Plates and Shells, New York, 1940.
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Figure l.,~~Section of panel parallel
to facings.

(2 85798 F)
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Figure 2.--Crnss section of loaded sandwich

panel.
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Figure 3.~-The parameter A, in formula (5),

ah‘p?\f

= g > 2 5T
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Figure ly=-The parameter A in formula (5),

L
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max * BT+ 1) 3 )
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Figure S.~~The parameter By in formula (6),

azph-f : -
exllee = BT Ly B ¢ SNiBp|
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Figure 6.~-The parameter B, in formula (6),

—

o (1) a’phg ,_MiBl + SN;B,]
xx max * Ep(L + 1g) L2
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Figure 84e«The parameter C, in formula (7),
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Figure 9.=«Thc parafeter D in formula (11),

35 Cfy + Lo
e(ch._f.f.__f_.. 1+-]-=—-—--%SD
= Ee(I + Ip) 2 ¢
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Figure 10.—The parameter F in formula (11),

a3p7\ fl + f2> SF

(e)
eyz max * Ef(I + Ifs
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