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Introduction

Forest Products Laboratory Report No. 1871 (l)é- presents two mathematical analyses
of the torsion of rectangular sandwich plates. In one analysis the Saint Venant theory is
used, although it does not satisfy the detail boundary conditions in regard to the applied
load. In the other, a more rigorous treatment is used that satisfies all boundary condi-
tions. In Report No. 1874 (2) the derivation of a system of suitable differential stress
strain relations is carried out by means of the variational theorem of complementary
energy in conjunction with Lagrangian multipliers. A system of differential equations
was obtained. These equations (which can be applied to bending or twisting of sandwich
panels) are then applied to the torsion of sandwich panels of trapezoidal, triangular,
and rectangular cross sections by using the Saint Venant torsion in their solutions. The
formula for the torsional stiffness of a sandwich panel of rectangular cross section so
obtained agrees with the infinite series solution given in the Report No. 1871 (l)

The purposes of the present report are as follows

(1) To obtain from the differential stress strain relations and equations of equilibrium
derived in the Report No. 1874 (2) a six order partial differential equation, correspond-
ing to the role of the equation Viy = ED in the thin solid plate theory (3), that governs

lThis progress report is one of a series (ANC-23, Item 57-4) prepared and distributed
by the Forest Products Laboratory under U.S. Navy, Bureau of Aeronautics Order
No. NAer 01967 and U.S. Air Force Contract No. DO 33(616)58-1. Results reported
here are preliminary and may be revised as additional data become available.

2Maintained at Madison, Wis., in cooperation with the University of Wisconsin.

-éUnderlined numbers in parentheses refer to Literature Cited at the end of the text.
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the small deflection of sandwich panels under bending or twisting. The problem of
bending or twisting of sandwich panels thus reduced to the integration of this governing
differential equation of deflection.

(2) By applying the governing differential equation and equations for stresses to solve
the problem presentedin Report No. 1871 (1) that is the torsion of rectangular sand-
wich panel having the torque applied by forces concentrated at the corners of the panel.
The result which satisfies all boundary conditions shows that the expressions of homo-
geneous solution remain essentially the same and the series of particular solution
converge more rapidly than those of the rigorous treatment presented in Report No.
1871 (1).

Notation
X, V» Z rectangular coordinates (fig. 1).
a,b half length and width of sandwich.
h half thickness of core.
t thickness of facings.
E, v Young' 8 modulus of elasticity and Poisson's ratio of the facings.
G -—E———— , shear modulus of the facings.
2(1+v)
ze, Gyz shear modulii of the core.
w deflection of the panel in the z direction, Lagrangian multiplier.
B, v Lagrangian multipliers.
Txs Oys T stresses in facings.
Txz Tyz stresses in core.
load per unit area.
D, - Sxm
Gth(l + )2
2h '
D __c.;_Lz.____
v t \2
Gth(l + —)
2h
D H
4Gth? (1 + —) 2
2h
Dy (1 -v)D, +2D

y
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D, 2Dy + (1-v) D,

m 2y L)y
l 2a
Bn (2n + 1) w
I 2b 1
x X |2
—= +
r Ym (Dy —zam )
1
i D D =
: 6n (L + %2
| Dx Bn
’ P resultant force applied at a corner.
P L
‘ ab
| G
c Yz
G

Xz .

Ams Bns Cms» Dy
Kms Aps Bny Fpns  parameters.

' T applied torque.

Hp, Ln
| 0 angle of twist per unit length in radians.
‘ Derivation of Differential Equations for Deflection and Stresses
By setting a = 0, equations (6), (7), (8), (10), (11), (12), (13), and (14) of Report No.
1874 (2) are reduced respectively to the following equations:
| T, =t + (8o 4 0T, (1)
| zh' " §x 9y
| ¢ 3% 4 (2
Tyz = HL 4 Zh)( *ax )
o ar
xz _ 2Tyz _ p_ (3)
9x oy 2h
E -
_.__L_":_L y :_3 (4)
hE(l + —
( Zh)
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oy ~Vvoy 8y (5)
—!———Kt =
hE(l + —) 9y
2h

t 0B , 9y

= Gh(l + —)(=F= + =% (6

T ( Zh)( oy Bx) )
T dw

B = =% - == (M
Gyp 9%
Tyz 9w

LTz ew (8)
GYZ dy

To find the physical interpretation of the Lagrangian multiplier w:we notice that

p under the double integral f _/ wpdxdy (which is a term contained in the energy expres-
sion I, equation (9) of Report No. 1874 (2)) represents the applied load intensity. We
conclude that the term f J wpdxdy repres_ents the virtual work and w, the Lagrangian
multiplier, is actually the deflection of the surface of sandwich panels.

Solving equations (4) and (5) for ¢, and Ty gives

Eh{l + -
u-x = .——-—-_ZK) (8—'8- + VB—Y} (9)
(1t - v2) 8x By
Eh(l + 5
Ty = _.g)_(gl + vﬁ@) (10)

(1 - v2) oy 8x

Substituting these expressions and equation (6) in equations (1) and (2) and carrying out
the differentiations with respect to x and y, we obtain

2 3% #B 1+ v 8%

t
Tz = th(l + —)%G( + + ) (11)
2h 1 -vax?2 98y2 1 - v &by
: 2 2
t 2 3 ) 1+ v 8%
Tyz = th(l + —)2G( ~ PR (12) .
2h° 1 -v 08y® 8xZ 1 - v 9xdy

By substituting for B and y their expressions (7) and (8) into equations (11) and (12)
the following equations are found

Gyg (1-v) Gy & Ty Gyz 8% 14y
sz=2—-—-—-+(1-v) —_—
Gth (1 + )% Gy, 0x% Gy, B8y2
2h
92 9 VZ
+(1+v)—¥& - 2Gyy, VW (13)
9x 9y x
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Gyz(l - v) 321'YZ 821' Gy 82vxy
— 1y, =2 +( - v) (L4 y) — ——
Gth(1 + t)2 ay2 9x2 Gyz Oy 0x
Zh
- 2Gy, 2 viw (14)
ay

where _V_Z is the Laplacian operator.

Differentiating equation (13) with respect to x and using equation (3), we obtain

3 3 -
Q+v-2 —Lz)a# - - v Sz Tya Gy - v)  B1yz . 2G _v2
Gy, 8x23y Gyy 9y3 Gth(l + EtH )2 ay Y% gx2

2 2
G a“p {t - v) 8‘p Gy, {1 - v)

e + £ P p (15)
Gxzh 9x2 2 ay2  2Gth2(1 + 'zt'h }e

3 b .
Substituting for "TXZ  jtg expression (3) in equation (14) gives

ox
G 82 & Gyz (1 - v
[2-0+v) 2] 4 - v) —22 . yal . ) Tya = 2Gy, 2 Viw
Gyy = 8y ax Gth(l + ZH)2 dy
I
2 { ) (16)
Znyh 9y

Differentiating equation (16) twice with respect to x and equation (15) once with respect
to y, then subtracting one from the other, we obtain the follow1ng differential equation
for the shearing stress Tyz-

4 4
97T a T 9% 2 Dy 0 2
yz e yz =2y
D + (D, + D) —2° + - DD, Vryy = — — (Dxp - V°P)
* et x + Dy) 8x29y 2 Py oy 7Y YR T on 8y _
o (17)
where G G
XZ yz
D, = D =
x t 2 y t 2
Gth(l + =) Gth(1 + t)
2h 2h
Equation (17) can also be written as
92 Dy 8 2
D. V4Tyz - (Dx = Dy) —'—E VZTyz - Dnyvayz = _._(Dxp -V P) (18)
oy 2h 9y

Differentiating equation (16) with respect to y and adding equation (15), gives
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9 o2 4 2
4hD(Dy - DY)W VT, = DxDyViw + DD [2V“p - (1 - v)Dyp] (19)
where
D = 1

2 t )2
4Gth (; + ZH)

Differentiating equation (18) with respect to y and applying equation (19), we obtain

D 2
vow - 1 - X)2" viw - D Vviw = D[- 2 Vi + (1 - v + 2 Dvyw2p 4
Dy 3)’2 ] Dy Dy

@+ - 25 2% - (- ) Dyp) (20)

In the same manner as the derivation of equation (18), (19), and (20), or by considering
the condition of symmetry, we obtain

2
4 9% o2 2 _ Dy @ 2
D V4T, s = (Dy = D) —5 VETyy = DyDy VOry, = 58 o= (Dyp -V P) (21
4hD(D, - D) 2 vZr.. = DyDyViw + DD, [2v?p - (1 - v)Dyp] (22)
y x! 5% xz = YxVy x[ p Yy
vow - (1 Dx) o° viw - D_viw = D[=2 v + (1 + 22%)v2,
- - W o~ W = —_— p -V iy
Dy BZP
(1+v) (1 - ,x) 32 - (- VIDep] (23)

Subtracting equation (23) from equation (20), gives

2 2 a2 2
(DxDy - Dx 37 _py _iz) v4w =D[2vip - D, 2B - D, &P + (1 - v)DyDyP]
9x2 By 8x2 ay? (24)
where
D; =(1-v)D, + 2Dy Dz = 2Dy + (1 - v)Dy

It is seen that the problem of bending of rectangular sandwich panel by a lateral load
p reduces to the integration of equation (24). The shearing stresses Tyg and T4z can
now be determined from equation (18) or (21) and equation (3).

Once w, Tyz and Ty, are obtained, the remaining five quantities By, T oxs and oy

can be readily found from equations (7), (8), (6), (9), and (10) by differentiation. It

is of interest to note that equation (24) reduces to the differential equation of the sand-
wich plate given by Reissner as equation (70) in reference (4) if Gy, is assumed to be
equal to Gyz . When Gxy = Gy, = © equation (24) reverts to the known form of this equa-
tion for the homogeneous plate.
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b T N e, O e ol

Torsion of Sandwich Panel of Rectangular Cross

Section having the Torque Applied by Forces

Concentrated at the Corners of the Panel (fig. 1)

The Loading_

For the purpose of integrating equation (24) for the deflection of a rectangular sandwich
panel by the loading shown in figure 1 we express the load intensity p in the form of a
double trigonometric series:

00 0

. (2m + )mx . (2n + l)wy
P = A sin sin (a)

To calculate any particular coefficient A, v of this series for a given loza.c} ¢1i515ribu-
tion, that is, for a given p, we multiply both sides of equation (a) by sin( o 5

and integrate from 0 to b. Observing that

b
f sin(2n ¥ Dy o' 4Dy 0 when n 4 n'
-b 2b 2b

b 1
f s‘ir(zn + 1)my sin (2n' +1)wy dy = b whenn = n'
-b 2b 2b

we find in this way

b 00
] P sin(z_r’.'_+l)L dy = b E Amn’ sin.(_Em_.__H.)_"}_. (b)
-b 2b m=o 2a

Multiplying both sides of equation (b) by sinM dx and integrating from 0

to a, we obtain 2a

J

from which

b
bf P sin(zm' 2;- l)‘“’x sin (Zn' 2+b 1)1'I'Y dxdy - abAm| o

A

a b
m'n' = L f [ p sin{2m' + 1)mx sin(2n' + 1)“’dedy (e)
-a -b 2a 2b
In the case of the four concentrated loads applied as shown in figure 1 equation (c)
is integrated over four very small areas at the corners of the panel. Equation (c) be-
comes
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1 a b
At = 4 sin(zm il sin(zn' + x _( j pd d
ab 2 2 as b5 Xy

where § can be made as small as desired. It is evident that the value of the double in-
tegral is equal to the concentrated load P or

_4P . (2m +1)w . (2n + )w 4P m+n
Amn = 33 sin 5 sin g = 5—(-1)
Hence we find
. . N
m+n_, .
P = Z Z (-1) sin @ _x sin By (25)
m=c n=o
where
. (2m + V7w g, = (20 + L)w
2 . 2b

The Particular Solution

For the loading shown in figurel the deflection w is an odd function of x and y. With
this restriction we take the following expression as the particular solution for deflec -
tion

w =

00 0
E Wmn h sin amx sin Bny (26)
m=o n=o

in which the constant wy,n, must be chosen so as to satisfy equation (24). Substituting
expression (26) and (25) into equation (24), we find

DP; (-1)™*2[2(am? + Bn?)? + Diam® + D2Bn? + (1 - v)DxDy]
Wmn = 7 (27)
h(am? + Bn2)? (Dxam? + Dyﬁnz + DxDy)

where

b o 2P

17 ab

Taking the particular solution of equation (18) for Tyz which must be an odd function of
x and an even function of y as

o0 00
Ty= | Z Z Amn Bp h sin apx cos By (28)

Gyz m=0 n=o0

and substituting this expression with equation (25) into equation (18), we obtain

2DP, (-1)™in 2,8%4+D
Amn - 1 ( ) (a’m Bn x) (29)

h (em® + Bn?) (Dxam? + DyBn? + DDy

Using equations (26), (27), (28), and (29) the réemaining six particular solutions of Ty g
B ¥y» T, 0y, and 0y can readily be obtained from equations (3), (7), (8),(6),(9),and (10).
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(s¢€) Ka*a + ,%gha + ,M0%a) 4 (Fd +, ™) ocu il

A% urs ¥p urs < < SEY g - &
[(*a - 4a) 2 8, ®Z + (*a*a + m a+ ,"ra) 'y + Ea;z s - ﬂ% + 1) °
Aﬁmv Aanmunn + NGQ%Q + NEUNQV NANﬂQ + NEGV o= Oluwﬁ {2 + 1) T
LU u i —_— ylgg = =
e [ta - *a),%g, %oz + (Aa*a + Bgha + So*a)(,%ga +, ®o)] (1-) % L
7 Y2 4 z 4 A whm ® o 3
€€
(e€) (Aa*a + %%a + ;%) A, + ;™) o=u o=wr g, : 5
£Ug so> ¥ p sod N L (—+nu'aae = 3
Ko ww o UyZ ¢ & 205 (SECRR o ur, i h X 1] U UL . 3 c
Pa’als - v - (gca+ Tola) - (g + 7»)Ca+ 7@l e, (7)) =
(fa*a + Fola + %@ o + ™) o=u o=
(2¢) £Ug s0d> x™p urs N N Igg = A
Ay - X u = u -
[0+ Dla-*) + (%a+ 2+ D)1 - 4 ) = 3
(fa¥a + Fga + F%a) H(;% + ;) osu o=w
A4 ur, Tgq =
4 g e o 800 [2% (« + D (ba - *@) - (Ra + % + , ™) (1 - 4) *a] P W M ?
N - (Ya*a + Nnm>Q + ;Mo*a) (,% + NEBV ozu o=w ZXpy
(0€) A8 urs x™p so> lgaz = o=
(fa + % + Wo) S (1-) K XS e

:ax® suorinios xernorjred 9say L
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It is seenthat the above series converge more rapidly than those given in the Report No.
1871 (1).

The Homogeneous Solutions

In order that all the boundary conditions can be satisfied solutions other than the partic-
ular solution must be found. This is accomplished by setting the left side of equation
(24) equal to zero, (p = 0). A suitable general integral of this equation is

O Cm sinh amy + Dmamy cosh amy Km sinh ymomy
w =h E [ + ] sin & x
mzo cosh o, b Ym c0osh ym @pd
) F. sinh B_x + H, B, x cosh B_x L, sinh §,8,x
n n nPn n n n
+h> | + —]sin B,y (36)
n=o cosh B a 6, cosh 6. B,2
where 1 .
D D. 5 D D, =
x X 2 y Y (2
Y = (= + —/) 6 = (= + ——) (37)

and Cm, D) Km,» Fn, Hp, and Lpare arbitrary constants to be determined later from
the boundary conditions. The expression (36) is considered the homogeneous solution
of w because it does not contribute to the loading.

It is noticed here that the expressions (36) and (37) are similar to those found in the
previous Report No. 1871 (1).

In view of the equations (36) and (16) the homogeneous solution of equation (18) for vy, is:

Tya = cosh o_.y cosh YymomY . o sinthx
2 = hzamlé\m M 4+ By m }sin @,x +h an[An
GYZ m=a cosh o b Ym €08hy o, b . e cosh Bpa
ginh &, 8,x
lcos By (38)

Bcosh & f,a
Substituting equation (38) and (36) into equation (16) and using equations (37), we obtain

4D,

Am = (39)
2 - cf(l - v)ym2+l+ v]
(Ym? -
RO < Ym? - 1) Ky -
Yy (1 - €)
Ap = . (41)

[(A - v) 8,2 - 2c +1 + v]
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= (5n2 - 1) Ln

6, (1 -c¢) (42)

By using the expressions (36) and (38) we obtain the remaining six homogeneous solutions

of rxzs By Yy T, T, andix by means of equations (3), (7), (8), (6), (9), and (10).

The Complete Solution

From the foregoing analysis the complete solutions may be written as follows:

m+n
w _ DP) f‘ Z” (-1)7 P [2(a? + B,2) + Dya,, % + D,B,% + (1-v)D,Dy] '
i _ sin o xsin By

m=o = 2 2y2 2 2
LS (@ + By9)“(Dye < + DYBn + Dny)
C m sinh oy + Dmay cosh oy Km sinh ymom vy
+ [— + ] sin apx
m=o cosh a, b Ym €o8h ypa, b

© F sinhf x+H B xcoshfB.x L_sinh§ B .x
n n n"n n n nPn .
f3 , T in Bay (43
=5 cosh Bpa 65, cosh §,Bn2a
+n
T 2 & ()7 "Balam?+ Ba? + D)
Glz. = 2DP; Z Z_ > 5 nm n 2 sin @ x cos By
yz m=o n=o (a,.“+B8, )(onzm +DB + D, Y)
cosh amy cosh ypony
+h E a!n(A ————— +Bm ) sin op,x -
cosh o, b Ym €osh y,a..b
h inh
+h Z By (An aiahl % + By ._._........_....._sm 8 nPnx —) cos Bpy (44)
cosh fna cosh 8,82
+ .
Txz © @ (1) g (em? + By? + Dy) .
g— = 2DP; Z Z c08 apx sin Buy
Xz m=o 0=6 (ampm? + Bp?) (Dyam? + DyBp? + DyDy)
- sinh inh
+ch E o, (Aper OV gz, 5177 Ym%mY ) cos @ x
cosh amb cosh yponb
cosh fBnx cosh &, Bx :
+ch E Bn (Ap — + Bp ————n—) sin B,y (45)
cosh Bna &pn cosh &, Bpa
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. - pp, Z‘“ s ()™ " apn [Dy(1-v)(ams + Ba + Dy) + (Du-Dy)InBal] o oo
o n%o (e + BRA(Dyan + DyB’ + DDy

4

= [(cAm - Cpy) sinh oy - Dmomy cosh amy
h Z @
cosh a b

m=go

(cAn Fn -Hn)cosh Bnx-Hnfnx sinh Bnx
cosh Bya

cB - K sinh a
4 (cBmYm m) Y_n_1 mY . amﬂhz
YmC€osh ya,b

(cBp-Lyb,) cosh §,8,x
+ sin By (46)

6n cosh 6,8pa

® & ()R, (-v)(ed + BZ + Dy)~(Dy-Dy)(1+v)am]

-DP > >

Zi=clns0 (a2 + BiZ )2(Dyan? + DyBil + DyDy)

sin amx cos PBny

<
n

(Am - Cm -~ Dm) cosh amy - Dm@my sinh emy

00
+ hZ o
m=o

(Bm - Kppi¥m) cosh ymamy
+ ]1sin opx + hZBnl

Ym co8h ypmamb n=o cosh B a

cosh a,,b
(AL-Fy,) sinh B x-H, B,x cosh Bnx

(B6,-Ly) sinh &, B, x
&, cosh &6, f8,a

(47)

] cos Buy

Q

2 2
g =1+ { znpth Z( 1) e fin (D10 + D287
m=0 n=o (4 24+ gHZ(D af + D Bn +D Dy)

(D +Dy)(am’ +Bn2)-(1-v)DxDy

cos ax cos Bny
2 2,2 2 2
(e + B,)" (Dyapy + DyBy + D,Dy)

hzZ [[{H-c)A - 2(CyntDp)] cosh ey = 2Dmomy sinh amy

cosh g,,b

[(c Ym“)Bm 2K Ym ) cosh ymomy ZZ Kl+c)An-Z(Fn +H)] cosh B x
cos ax th

Ymcosh ya, b cosh Ba
2H B x sinh B x [(c+6§)Bn-ZLn6n] cosh 6,Bpx
- - + cos Bny} (48)
cosh B a 6 cosh 6,82
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a o
(0s) N‘hd urs ~r| =g i e =
’ x%gY yurs (W ATl Ugu, -1 h a- == 9 y -
' g9 ) xUg ysoo xU -xUg yurs (Yyy S lu ooy, -1
Toasy —— g g "H-x"g yurs (Y 7 Ta-tvorh) 2T e
i w
- q "ok ysoo WA q"% ysaoo S
urs|—— -
W w +
A A quys (Fy Emc.__r ) A% ysod £ Wg - 4% yurs s T Nec N P
A= N U..TH 4 u\_nﬁ b
A_x oA x u o=u 0=
A% 35 X e ("a*a + 7¢"a + To%a), (30 + To) L o . A4 zi
Xer o A W. W Yagy — = —
[(a - *a)fgor + (Fa¥a+ foha + Po¥a)(ly + Foa)l,, l1- 3 L4 Ao
oy
(6%) Tnm Em_w i i i il ] w, &7
: e — 4 i | u
xTg % yurs (V7 —- ﬁw =L S} *0g usoo xUg y-xUg yurs (YgAil- uh-:«.ﬁam g W P
7 g Z A-o ®
MLy oI wp
x e ur i :;mnwo . q™o ysoo o, o=wx
w1 = a-
AT A yurs (P i S L) A% ysos 4™ P I ¢ LS
7 A=-1 -2 f ag bluw ®©
K u A ur,x u
4 = o=
£%g urs x"% urs faq tF gy eal 2led * wﬁcv > = ql oo, 5
A | KU Ul A% uqA WX B W N ad Tx,
[(Pa - *a)gegoe + (a*a + Joha + Te¥a)(@ys + Zo)] =1 = L Yo

=13~

Report No. 1874-A




Determinations of Six Parameters C.,, D,,, Ky, Fy Hn, and L

in the Expression of Deflection w from the SS:_Boundary Cond1t1ons

As seen from the expressions of the complete solutions of w, Tyzn Txz! By, Yo Ty Oy,
and ¢ }[ given in the preceeding section, the problem of torsion n of rectangular “sandwich

panel has been reduced to finding the six arbitrary constants Cm, m* Ktn Fn, Hy,

and L. These six constants can be evaluated from the followmg 8ix boundary ry condi-
tions of the sandwich panel:

(1) The requirement oy © Oaty = + bgives

B A (51)

m - “Ym®m

(2) The requirement T

0 atx = + a gives

Xz
(3) The requirement v+ = O aty = +b gives
- 2
==Ap-Cm-Dy(l + app tanh apb) i K, =0 (53)
' m

(4) The requirement T = 0 at x = + a gives
B, (5121 +c)
26,

lechn-Fn “H(l + Bpa tanh Bpa) + ~Lp=0 (54)

(5) By means of the Fourier sine rann form lof equation (49) and (50) it can be shown
that the requirement, o4 = 0 at x = + a gives

4poth sides of equation (49) are multiplied by sin B,y and integrated from 0 to b. Both

sides of equation (50) are multiplied by sin a,,x and integrated from 0 to a. The fol-
lowing integrals are needed for these operations.

fsi.nh gx sin sx dx = —le-(q cosh gx sin sx - s sinh gx cos sx)
q“+s

qe+ qz+s

q2 2gs

cosh gx sin sx + ———— sinh gx cos sx
() (q%+s2)?

jx cosh gx sin sx dx = 2q 2ssmh gx sin sx - ﬁz- cosh gx cos sx
2
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- }% (-1)"(era+vBA)(Dxarm +Dy Bs + DyDy) + 2a,5B5(Dy-Dy)] 2 i(_l)mﬂ,

o= (e 2#8,%) 4D, a2 +D 824D, D ) L
c-v 2v
A -G +-2¥D D
(amh)z [am(m m-Cm t15Pm) "“a‘l‘z (ay,b tanh @b - a’? Bn)
a,m2+ an O’n?ﬁ Bn Q’m"’Bn
2
-v “VY¥m
el Ty Yo B Km ) VA
R
-V l-v
Yma’m"'Bn
2
c-v 6, -v
+ B. - L tanh & =2
[l-v n T-v)om n] tan ana} (28

and

(6) The requirement, o = 0aty = +b gives

y

DPjh i (-1)™ [(vah+BE)(Dy e +Dy BE+Dy DY)+Z°’mB n(Dy-Dx)] h)?

(o

:J
O

(a2 +BE)*(Dy oy 2+ Dy BE+D,Dy)

l1-vc 2 l-vc Yrrzl -v
( A, -Cm =~ —Dp,) tanh ay,b - Dpya,b + [ B, - Kpltanhy o b

1-v Ny l-v (L-v) ¥,
1-vc 22
00 Bn(=— —An-Fp + Hn) H B a, -B
5 Z m+n(3nh) [ ol s (Bpa tanh Bpa + — f; )
n=o am+'Bn2 ey a +B

1- v6
Bnl 1 = 6an 1? n)]
+
2 .22
Oyt Bn

(56)

Solving equations (53) and (54) by using equations (39), (40), (41), (42), (51), and (52),
gives

o (venrD{eltvyd(1-v)]-2} Cm -

” 2(cym-2Yye+e) (Y2 -1)(1+a,b tanh a_b) {c[1+v+y§1(l-v)]-2}

(62-1)[(1-v)62-2c+1+v]Fy
H = (58)
2(632-2¢6,241)-(62 -1)(14B,a tanh Bna)[(1-v)62-2c+1+v]

Substituting expressions (57) and (58) into expressions (51), (52), and using equations
(39), (40), (41), (42), gives
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4Yrﬁ1 -c) Cm

= (59)
Z(cyrﬁ—2ynz‘+c)-(yri—l)(1+amb tanh o b) {c[l+v+yti(l-v)] - 2}
"46121 (-c)Fp
L, = (60)
2(s-2c8241)-(62-1)(14B,a tanh B a)[(1-v)6Z s2c+l+v]
Substituting equations (57) and (58) into equations (39 and (41) gives
-4(y2-1) Cy
Am = (61)
2(cyt -2y2 +e)-(v2 -1)(1+a b tanh ab) {c[1+v+ynzl(1-v)] - z}
~4(62-1)F,,
A, = (62)

2(8% -2c82+41) - (62-1)(14B 2 tanh B a)[(1-v)8f -2c+i+v]

Equations (51), (52), (57), (58), (59), (60), (61), and (62), show that the constants Dn,,

——

Hp, Kms Lns Ams Apni Bm, Bp can be expressed in terms of two arbitrary constants

The first parts on the right side of equation (55) and (56) can be expressed in terms of
C,, by means of equations (57), (59), (61), and (40).

The second parts on the right side of equations (55) and (56) can be expressed in terms
of Fp, by means of equations (58), (60), (62), and (42). Thus equations (55) and (56) may

be solved for Cm and Fn in terms of the load P for as many values of m and n as de-

sired. These values can then be substituted in equations (43), (44), (45), (48), (49),
and (50) to obtain the deflections of and stress in the sandwich panel.

M
Determination of Torsional Rigidity 3~

The loads acting at the corners of the sandwich panel form a couple the magnitude of
which is

T = 2Pb

The angle of twist per unit length is

w x=a,y=b

0 = ——"

ab

The displacement w is given by equation (43).

Thus the torsional rigidity can be expressed as

2

T _ 2Pab

s "= (&
x=a, y=b
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| Conclusion

The results of the foregoing analysis show that the series of the particular solution
obtained by the present method converge more rapidly than those found in Report No.
1871 (1) and the series of homogeneous solution remain essentially the same. It is

‘ expected that the numerical results will be close to the results computed in Report No.
1871 (1).
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