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Supplement to

EFFECTS OF SHEAR DEFORMATION-IN THE CORE OF A
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Deflection Under Uniform Load of Sandwich Panels

Having Facings of Moderate Thickness-
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Forest Products Laboratory, 4– Forest Service
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Introduction

This report supplements the mathematical analysis of the deflection of a
simply supported rectangular sandwich panel under uniform transverse load
given in U. S. Forest Products Laboratory 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 materials. These 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–This progress report is one of a series prepared and distributed by the
Forest Products Laboratory under U. S. Navy Bureau of Aeronautics Order
No. NAer 01019, 01077, and 00938, Amendments Nos. 1 and 2, and U. S. Air
Force No. USAF-(33-o38)(51-4o66-E and 51-43264). Results here reported
are preliminary and may be revised as additional data becomes available.

-Maintained–Maintained at Madison, Wis., in cooperation with the University of
Wisconsin.

hricksen, 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 surfaces 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 expansion 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.atress 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 double 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 computations.

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 materials are not stressed beyond their
proportional limits. These assumptions have been widely used in sandwich-
plate theory and have been proved applicable 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

Ef

( 1 )	 (i)
exx, eyy

(c)	 (c)
ezx, %;yz

fl, f2

dimensions of the panel

thickness of the core

Young's modulus of isotropic facings

components of strain in facings	 i = 1, 2

components of shear strain in the core

thicknesses of facings
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(1)

(2)

(3)

p

x, y

w

Zi Z2

f 1 - 2

1-4 zx,	 yz

uniform load per unit area

coordinates with axes shown in figure. 1

normal deflection of panel

coordinates with axes shown in figure 2

shear moduli of orthotropic core

shear modulus of isotropic core

Poisson's ratio of isotropic facing material

Results and Discussion

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 P. zx =1-yz,

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

f1 3 f23
If = 	 + 2 

12

I = fl f2	 fl f2)2

f1 + f2	2

cf1f2 'IT 2E f
S = 	

(f1
	 f2)a2XfP"'

(4)
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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 facings neglected; S is the shear-flexibility
co-efficient of a core, and S . is a parameter that determines mainly the effect
of the bending of the facings about their own middle surfaces.

The central deflection is given by the formula

w	 = 	

	

max Ef
(I + I

f

	ISA2

(I + I,
altpkr

in which parameters AI and A2 are determined from figures 3 and 4, respectively.

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

z at tbe center of the panel. Reference to (3.4), (3.10),.and -(3.13) indicates
that these components can be expressed in the forms

	

+ 5NiB2]	 (6)a2pkf

Ef
(I + I ) 1Lf

a2pXf
e (i)	 - 	 	 ItiC +. SWiC211	 (7)
yy max E

f(
I + I

f
) i

in which parameters B1, B2, C1,
8 respectively, and -- -

M1 = Zl

N1 = .1! Z1 I
i
',.....

and C 2 are
__

f2

determined from figures 5, 6,

fl	 f2

7, and

(8)

f1 + f2

I+	 ff 2
r :-C

.

2

f c + 1 1 + f 21 -.,	 1
fl +f2 f2 2	 /

( 
(I+ I f

)
i.

M2 = Z2 +  f1 
f1 + f2

f + f
ic +  1 2 2)

N =	 Z	 -  Iff1 	 /c	 f1 -I- 1 2 .; 	 1 
2	 2	 f

1
 + f2	

2	 1 I +

(5)
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Yyi max =
(I + If)

alp

e (c) =  a3P xf	 14. fi f2
yz max SF	 (12)

Ef(I + If)	 20

in which the parameter F is determined from figure 10.

Figure 2 indicates the origins of the coordinates Z 1 and Z2 . The corresponding

components of stress are given in terms of the same quantities by the formulas

X .	 a
2
p

XI max
I + If)

Mi (Bi + r Ci) + SNi (B2 + 0-C2)1 (9)

and

Mi(7B1 + C1) + SNi (aB2 + 02)
	

(10)

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

e (c)	 a3px f f
1 

+ f2-\SD
zx max

Ef(I +	 2c,

in which parameter D is determined from figure 9. The strain component f..-a
evaluated at x= a y 0 is given by the formula

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 panel having isotropic facing and core materials can be
obtained from formulas (A38), (A41), and (42) of Report No. 1583-C in the form  

16a4pk f
mrrx . n Try

sin — sina 
-       

where

7T 
6IEf 

If	 2	 (m2 + n2 p2)2 
mn — (m2 + n2p2)

I	 1 + S (m2 + n2,0?)!
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(1.5)

( f1	 f2) a2kf ili

ofif2 n2EfS_

16a4p K f
K = 	

71.6Ef(1 + If)

and

.\/
SIf

+ If

P	
a
	

(142)

b

2

I
fl f2 	 fl	 f2'

-	 +
f

1 
+ f

2
\	 2	 I

(1.3)

T	 fl3 f23.f

12

(Lit)

x and y are coordinates with axes as shown in figure 1, and the symbols

T–
	 7–

in	 and LIJ denote summation over all positive odd integers m and n,

respectively. Formula (1.1) can be written

where

+ S(m2 
n2p2)} sin	 sin p

(m2 + r 12p 2) 2{ 1 R 2 ,
S ?	+ n2p2) )

w = K (1.6)

(1.7)

(1.8)
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rinj(ii2 + n2 p 2 ) 2	 nin( E 2 + n2p 2)

1 

m

=
52	 62 WITy

sin --
bmn(In2 +

The M. Levy form of thl expansion for w is obtained from (1.6) by summing with
respect to n.	 In this

w	 wl	 w2

where

w1	 K /m

summation, it is convenient

sin, 
max inn 'TY

to consider w as the sum

(1.9)

(1.10)

(1.11)

a	 8

2n	 2\I)

and

w	 SK /

mn	 2	 2	 2) 2 (	 - 2 t 2m + n p	 1+	 +

sin 
mr• x	 sinn Try--"X "

2	 /m. 	

Consider series (1.10)

mn( m2 +	 n2 p2){	 4. 5.2 ( m2 +

and let

n2 p2)}

7Tsin
(1.12)

(1. 13 )

win
mn

where

2E
m	 7

+	 n2p 2)2(Era	n2p 2)

Evidently

w1 = K	 w
En in.

n.	 m x
sin 

a
(1.1h)

Nith the use of (1.13), series (1.12) can be written

(1.15)
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From equation (A49), in'RePort No. 1583-C

mysin

mn(m2 + n2p2)2

{2 + a tanh a }cosh	 .b	 nvn	 b) sinhno (y. - b

1- 	 m	 m	 "F\	 -rt	 21 	 • 

2 cosham

where

M = 
M

2 p

and from (A 48) of the same report,

Tr

1. 5
.41-11

(1.16)

(1.17)

sin n7
77

-

mn ( m2 + n2 p2) 4m3 

(1.18)cosh-M71.	 b-- -a Y 1
cosh   

From the last expression, it is evident that

76n,' y — b-2
-

1 (1.19)a

where

TTE

m =
2p

(1.20)

Substituting formulas (1.16), (1.18), and (1.19) into formula (1.15) gives

2 + n2 0 2) hm € 2n	 mn(e- '	 m 	 cosh/3 m

- 1177 3'
sin

2	 m b TT cos
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;T.

5

inh 117 y/2+2 tank	 cosh 131"	 b
k 	

-a
-.t -

1-	
a

cosh2 m

4m 3 cosha

cash	 b
1 - 	a	 2 L..

cosh/

ITS

2

1
cosh 121( y

-	 a. . . (1.21)

If this expression is substituted into (1.14), the terms that are independent
of hyperbolic function can be summed. The required summations are:

•

sin r'rn-x
a	

5
(x - 2 ax

3 + a3
x)

m'	 96a4
(1.22)

sin m7Tx 3
a --	 (x2 - ax) (1.23)

	

m3
	

8a2

and

sin In/Tx
a	

sinin7T x
a 	 Tr8 

2	 cosh 71. (X .. N)

2 
Is	 =	 (.- 	

aS.

	

ME
M 	 +

m2)
2)

4	 cosh :1,.71-7-
28-

was obtained from (1.18) by interpreting m2 a$ 1 . The substi-
P2	 8:?_

tution of (1.21) into (1.14) and the use of (1.22), (1.2-3)-, and (1.24) gives

(1.24)

Formula (1.24)
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	x4 - 26:173	 a 3x	 6 2 (x2	ax)	 cosh 7'-
a6lx 4))

	

21 .04	 27T 
2 a2 rh

altpitf

111

Ef(I + if) cosh w.
28

(2	 tanh a cosh — - - I- ---'v - 11 ' sinhEy -M 7T (

+a m 	 m 	 2,	 a	 2) 

775	 5
2m cash a

Tf

Ocosh-- 13\ 	 52cosh
a	 -2-)	 a 1 -m" Xs in

m E 
m2 cosh/3	 m3cosh a m	 I	 a

(1.25)

The formula for wi 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

Um =

77y.	 n
(1.26)sin

( 8.2mn(m2 n2 p2 )(512	 n2p2)

.so that

m = KS / U	 sin raTTX (1.27)
M M	 a

With the use of (1.13),

Um =
1	 1 (1.28)

2mn(m	 4. -2 n 2)	 mn(E 2 .	 n2pm
ts	 b)

and, therefore, with

Um 	 Ti

the use of (1.18)

r	 coshm-2-(y
1 _	 a	 .

and (1.19),

WE

cosh —2'. y -
a (1.29)

4m3 coshes m 1/21 E	 2r
m cosh P m
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•

(1.32)

The substitution of formula (1.29) into (1.27) and the use of (1.23) and
(1:24), then gives

cosh	 - ).
a4p7S  I_ (x2 – ax)	 8 .2 (3.	 2)

w2 E
f
(I+I

f 	 2-ff 2a.? -	 cosh
26

7	
4-, Yi<

b 71

1
71-€	 b) cosh -7-(y . - 7

..•

a
mix (1.30)

Tr 5	 An m3 cosh a ME m 2 cosh gin

The formula for m2 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 max, is obtained by evaluating w at x a, y = b.
Vrom - (1.25),	 (1.30), - and (1.8),	 2•

z•Y

•

where

al-f X f 
? oax 

•
Ef(i.	 1 A1 +142

L	 I + if

(1.31)

m-1
Al	

/ 2 + atitanh a m	 - 2_ 4
?U4 	 TP IM \iTil5COSh a,.,

1	 82

A2 12 8 /7. 2 -
1 

cosh

1 
/ 111 J rricosh

m-1
(_/) 2

1m_ m cosh

(1. 33 )
•

-Plots of Al and A2 as functions of b for various values of 2 are given in
figures 3 and 4, respectively.-

2, The Components of Strain in the Facings and Core of Sandwich Panels 
Having Urthotropic ore and Facing materials

Th .) stain components in the facings of a sandwich panel having orthotropic
CO 70 and facing materials are obtained from equation (A4) and (AS) of Report
No, 1583-C in the forms:
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and

-1	 2
e(2) d _

YY (2, L1)rte)
+f2 + Z	 r wtritl

mn	 2	 2	 ay2

(1)
exx e /(kmnqmn	 -

n	 2	 1 ax2
(2.1)

fiems) 1) 	 r + —
YY	 /.111	

mn mn 2 (2 .2)

e( 2 )	 -	 (c	 qmn) 4. 1..2 +_2XX ( 2 . 3 )

In these expressions, the superscripts 1 and 2 refer to the facings 1 and 2,
respectively, Z1 and Z2 are coordinates with axes and origins as indicated

in figure 2, wmn is a term of series (A38) of Report No. 1583-C, and the par-

ameters kmn, hmny qmny and rmn are determined by (A24) of Report No. 1583-C.

The components of shear strain in the core,

7	 a
qA)	 (3. –	 –77 (2.5)

and

(2 .6)

-are obtained from equation (46) of Report No. 1583-C.

Combinations of the parameters k , hmnj qmn, and rmn that are required for

the evaluation of the above strain components are determined in the following
forms from (A24) of Report No. 1583-C:
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(f12 -	 2cf2))-f22
( 2

+ SY
akmnqmn = - + y m

‘.1
�.0.,y) n2 

P 
2 

2 (fl f2)

= = 1

and

_ <rs x(a m2 + yn2 p 2 ) + Sx 0.-7) n2 p 2+ SxS Fmyn2
fl

•

a

(2.7)

(2.8)

r
+ sx (am2 + yn2 02)	 Sy 

(n2 P 2 .4.y m2 + s s	 •

\ a	 x rmn

where

4 4,..._. (1 - p2)	 rnm2n2 p2 +y ( 4 +2 g	
n

m2n2p 2 + _-e._

'I)

) 2 -r2' S S F1+Skar--- +yrn9-,3	 2- n2 2)÷s
,

,x	 1-	 2 c	 P	 xP -7 n	 x y mn

1 + sx( a. m2 + yn2p 2 )	 sy/a2p2 + y m2\ 4. sxs,y

)"	 mn	 (2.9)

The expressions for hmnrmn and hmn are obtained by substituting Sx for Sy, m2 for

n2p2, -‘17 fora, and vice versa in (2.7) and (2.9), respectively. Finally,

,
kmn(c - qm) and hmn (c - gmn ) are obtajAgd_trom kmnqm andlamnrmn, respectively

by substituting fl for f2 and f2 for f1 in the latter expressions. Definitions

of the symbols Sx, Sy7 0 P,andathat appear in formulas (2.7),,..(2.8), and

(2.9) are given in formulas (A32) of Report No. 1583-C..

3. The Components of Strain in the Facings of. Sandwich Panels
IsercOic-Gore and Facing' Materials

If the core and facing materi,ls are isotropic,

km,,--

Sx = Sy = S
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where

where 0- is the Poisson's ratio of the facing material and S is given by formula
(1.5). Equation (2.7) then reduces to

fl2 - f2
2
 - 2cf2 flS 2	 2 2%+ n

2(1.1 + f2)	 2 
kmnclnin

1 + S(m2 + n2 p_

(3.2)

The expression for kmn(c - cimn)izobtained from equation (3.2) by substituting

f1 for f2 and f2 for f1. In the case under consideration, wthn is a term in

the series (1.6). From formulas (2.1) and (2.3) therefore, the strain components
(i) iexx, = 1, 2, may be written as

,	 2

)cc	 ,77-‘

+ NHS (m2a.	 + n2,) 2) 	 sin N—pc sin n-re--

5'y
n(m2 + 1-1 ....., 2)2 11+s20112 + n2,0 21}

(3.3)

f2
(c

fl

(3.14)

f1 + f2

f1
+

2

fl

22)

f2N
Z2 +

fi + f2 2

N2 + Z2

Similarly, from formulas (2.2) and (2.3),

M ?TX sin2 77	 Ni,s(rn2 n2p2)? np ._ sin a sin b

eYY	 m(m2 + n2p 2 ) 2{1 + 8 2 (1n2 + n2P.2)}

where i= 1, 2, and M1 and Ni. are defined by (3.4).

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 T1.10), (1.11), and (3.3)
however, that

, 2
ea) = - M .1224	 INI...2.2

1 .3 X
(3.6)

(3.5)
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osh(- 37. - 
a 	 2 ;	 • -a 	 .•• 7

cosha m	 Em2 cosh /1 m

and from (1.10), (1.11), and (3.5) that

Ili a awl •N; B2w2

.ay2 : — 
_y2 0.7)

Therefore, the representations of e (i) and e(i ) that are summed with respect to

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

(a2p f
)x2 - ax 0 2

e (cxi) Ef (I + If)	 2a2 4.	 (.

cosh 	 -a
2 r)

cosh
2S

, MIT	 III7r	 13+a tanh tanh a in) CoSn 7 t Y 71- 7 Y 7	 a (Y. -

2 m3 cosh am

7TE	 /
/;11 

S. 2 cosh a	 Y -

E 
m2 cosh P m

•

a2p

(i)	 	
eyy	 Ef( + If) 77 3 Mi

t - 	 mil'.	 b21	 njzfr 
tanh a m coshes ( y - - r y - sinha y- 2)

2 m3 cosh 1 M

E M	 b	
• co 

M 
y

bajl
& 2 cosh —12 37.- -2-

	

k 	

2 cosh	 -a 	 sin m	 LLS	 tr.

a	
N.

3	m cosh/3 
m	

m coshes

cosh	 (y - -
2 1a 	 sinsin

	

m cosh g	 a
m 

J cosh	 (Y -

m cosh x

aS .

(3.9)
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2
;.

The parameters $il B2,

The terms in formula (3.8) that have been summed with respect to m represent
the strain component of a plate of width a and of infinite length.

The maximum values of the strain components with respect to x and z occur at
the center of the plate where x	 y = 14.. Formulas for these components
can be written: 

 (i)
exec max

a2pk f

q(143f	 + (SN;	 i62m )B2 (3.10)

where'

B	 1 21 = -

m -1
('  2 + a m tank a III\ )( . 1) 2-

m cosh a
m

(3.11)

B2=;--2. 1
coha

rn

m	 2

E	 COSI1 p
(3.12)

and

•

where

(i) 	
2a pX f

eyy max = Efc. + if , Fmic, +(SNi - S2M.)Ci' 21 (3.13)

1 - m-1
--717lzk tanh a m

cosh a 1:11(.- 1)M3 -

.---	 m-1

1.7 COSh m m cosh /3 m:1 (7 1)
..-•	 ,, 

a,
1	 1	 2

L.) 
C1 , and C2 are plottedas functions of

(3.1)4)

-(3.15)

a for various

values of S 2 in figures 5, 6, 7, and 8 respectively..

The stresses in the facings can be obtained-from the strain components by use
of the formulas

Ef
Xx

X exx + e
YY	 (3.16)

and
Ef
7 0-emc e

YY (3.17)
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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 2) are obtained in the
forms

2!2___ B
ki( 1

-

[mi. @

+ 0- C1) “SNit	 82,1(B2 ,crc
-

2	 .1+(SNi.- S mi)(cra2
C1)	 + C2)1

(3.18)

(3.19)

xx.1	 ( 1 4.
r '

a2p
Yyi =

(I + If)

L.. The Components of Shear Strain in the Core of a Sandwich Panel
Having lsAropic Core and Facing thaterials 

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

1	 fl 

2 c
1.2 s (m2 n2g 2)

\ 
1 I. s(m2 n2 p 2)

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

(2.5) takes the form

e Led =	 + f121- cf2) 8.1C717,/m /ln	 n ( m2 n2F 2) ..11 + 6 .2( 1112 4.. 

cos	 sin .2:1-Z

This series series can be summed with respect to n
by the method used in section 1.	 It is observed

8

+ 773

and partially with respect to m
from (1.11), however, that

••

sinh	 IX - 
a

aS

(4.2)

(4.3)
(c ).	 fl	fi)	 w2e	 1 +
zx	 2c	 a x

and, therefore, from (1.30),

a3 n X 4. x _ a
-(c) j 	fl	 f2)e =

VK	 Ef',A. A	 2 c 2 air 2 cosh .,.74
2

-n-- m 17
r
cosh)co	 — (y - 12

a	 2

76,	 .	 \	 -
)	 cosh ---=-Iy -
1	 a 	 co nix

_)_
(4 .4)

ni2 cosh at	
m Em2 cosh. $ m	 i	 a

kmn =
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The maximum shear strap occurs at the center of one of the edges x = o or
x = a, At x = 0, y = 7 1

e (e)	

a3 13,, f	 _/	 + f2\\
) SD

zx max = Ef(I + If) 1+ 2- 0

where

(14.5)

D	 1	 6

271. 't	 70
tanh

7,1-4..	 M. p2 cosh a 10

1 
E. m2 cosh	 1

(4.6)

This parameter is plotted as a function of ra; for various values of 6 2 in figure
W•11M11.

9.

Similarly, it is found from (2.6) and (4.1) that

e(c) =	 + f1 f2	 W2yz	 1	 2 C	 ay

and, therefore, from (1.30),

(4.7)

• - 4a3p f	 11171	 -	 sinh Tr--1116 (Y -

	

i181-111/ a .	 2/	 a	 2  L	 MIT X

ev( 21•n 	
Z	 "{Er(' +. If)	

fl + 22) S	 'C 
2

-
	•	

.( sin

	

coSh M	 a2 c	 coshes m

.(4.8)

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

2'

(c)	 a3P 
eyz max .	 tl + 	

Ef(I + If)	 2c
SF (4.9)'

where

The parameter F is plotted in figure 10.
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5. The Reaction at the Edges 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:

Mx
	 r-= fzyl)d z + OX (2) d z

fl	 f2

(5 .1 )

zY(1) d z +My =
//fl

(5.2)

Mxy
	 zX (1) d z -	 zX(2)d z

	
(5.3)

1	 / 2

where jf. indicates integration over the facing of thickness f i , and the
//

(iorigin of z may be chosen at any convenient point. The stresses X x ) and

Y (i) , i = 1, 2, are obtained from (3.16) and (3.17), respectively, with the

use of (3.6) and (3.7). The shear stresses 4i ), i = 1, 2, are given by

the formula

I	
,a2 _	 , nw211

X (1) = - 2g	 { Mi	
wl

+ Ni 	  
1.

Y	
xy4	 i • ax ay	 ex ay I

L

(5.4)

where Mi and Ni 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 8 and are the same

as those of an ordinary plate. Numerical values of these reactions may be
obtained from Timoshenkol, table 5.

–Timoshenko, S. Theory of Plates and Shells, New York, 1940.

Report No. 1583-D	 -19-



Figure 1.—Section of panel parallel

to facings.
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Figure 2.–.Cross section of loaded sandwich

panel.

Rept. No. 1583-D



f, 

C

f2

r4
7. NI 88373 F



Figure 3.--The parameter A1 in formula (5),

aLlp X f 
w	 (A1 + ISk2 )
max Ef (I + If)
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Figure	 The parameter A 2 in formula (5)2
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Figure 5.--The parameter B1 in formula (6),

alpf	 •
exNax 14, Ertl 	 + SNiB21
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Figure 6.—The parameter B2 in formula (6),
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Figure 7,--.The parameter Ci in formula (7),
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Figure 8♦.•The parameter C2 in formula (7),

alp Kr

'V 4 Ef(T If)eliC1 SN1C21

Rept. No. 1583-D



82=

a /

0.2

=

::

82

a2

8 2=

8 2=

8 2,

""RIF

,

0-31
°/

0.4

0.5

0	 0.2
	

0.4	 0.6
	

0.8
	

1.0

0.06

0.05

0.04

C) 0.03

0.02

0.0/

Z NI 88379 r



Figure 9.-0Tho Para' titer D in formula (11),

e (c) „  a3p f 	 f	 1.2 sr)
zx max Ef(i+ If)	 2 e
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Figure 10.--The parameter F in formula (ii),

(c)	 a3p k	 r2)1 +	 SF
-3rz	 "igr7"17	 2 c
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