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CHARTS TOR THE MINTMUM-WEICGET IESIGN
OF MOLITWEB WINGS I3 BENDING
By Even H. Schuette and James €. McCulloch

SMMARY

A wothod for the calculation of the buckling stress of &
multiweb wing in bending is presented, and design charts based
on this method are developed for *the minimum-weight design of
mltiwedb wings of 2hS-T aluminmm~alloy sheet, extruded 755-T alumimum
alloy,and extruded O-1HTA magnesiuwm alloy. These charts meke possible
the design of the lightest wings of this type for a wide range of
deslign requirements. An example of the usa of the charts is given.

INTRODUCTION

Because of the small absolute depth of thin high-speed wings,
sone designers are considering the use of a type of construction
that employs e. number of shear webs with no intermedisto stiffening
of the skin (mltiwedb wing). For a wing of this type, as for any
high-speed wing, the requirements of a smooth surface or a high
torsionel stiffness result in the use of a fairly thick skin. If
the espect ratio of the wing is relatively low, the compressive
stresses due o bending of the wing may be low and the problem of
buckling, therefurs, a minor cne. If the aspect ratio is relatively
high, however, the buckling of the structure due tc bending may be
of primary slgnificance, in spite of the relatively thick skin.

The present report considers s multiwed wing in which the
buckling of the webs and compression skin under bending lcads is
of primery significance in the design. A method for calculating
the buckling stress is provided end design charts are presented
from which the prcoportions for minirmm weight cem be choscn. An
example of the use of the design cherts is glven.

The meothods by which the various charts were prepared are
discussed in appendixes A and B. Appendix C gives a discussion of
the effects of shear in the webs.
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SYMBOLS
area per chordwise inch of web and compression skin, inches

3
plate stiffness in bending, inch-kips EY
12{1 - u2)

Young's modulus of elasticity, ksi
moment per chordwise inch, inch-kips per inch

intensity of compressive force in x dlvectlon at edge
of plate y = 0, kips per inch

iIntensity of distributed forces in x direction at edges
of plate x =0 end x = A, kips ver inch

stiffness per unit length of elastlc restralning medlum
or asmpliitude of sinusoidally svppllied moment divided by
emplitude of resulting slmusoidzl rotation of elastic
medium in quarter redians

gtiffness in moment-distribution analysis for far edgs
supported with n. restralnt against rotation

stiffness in moment-~distribution analysis for far edge.
supported and subJected to sinusocldally distributed
moment equal and opposite to moment applled at near edge

external work of applled stress

Anternal energy of deformation

nny

wldth of plate element, inches

1, J n integers

k

t

nondimens:{onal critical~stress coefficlent for plate~
buckling formula

thickness of plate eloment, inches
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-

w plate-buckling deformation, norwal to plane of the plate
x plate coordinate in direction of stress o
plate coordinate, perpcndicular to direction of streas
ratio of half-wave 7-ngth to plate width (%)
Legrangisn multiplisr
nondimensicnal ccefficient that takes into account reduction
of modulue of elusticity for streszed ebove the elastic
range; within the elastic rangs, n =1
13 Poiseon's ratio
A half-wave length of Puckles in longitudinal dlrection,
inches o . _ _
€ nondimensional restraint ccefficlent given by the formula (EEQE)
o longitudinal compreselve stress, ksl . . S ——
shear stress, ksi
Rs ratio of shear stress T actually present to critical
shear stress Ter when no other stresses are present
By ratio of bending stress ¢ actually present to critical
bendlng stress Ucr when no other stresses are present
] amplitude of sinusoidal edge rotation
Subscripts:
P refexrring to plate
r referring to restraint
skin
W web

cr critical
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cy compressive yleld
mnax maximun

eq equlivalent

BUCKLING STRESS OF A MULTIWEB WING

Simplifying Assgmmptions

.

For purposes of analysis, the multiwed wing has been 1dsalized
to an infinitely wide,infinitely long, integral flat-plate structure
of the type indicated in figure 1. A discussion of the effect of
each of the simplifying assumptions emmloyed follows:

Infinite width.~ For & wing with four or more shear webs, the
error made in assuming infinite width shonld be gulte small.

Infinite lenegth.- The agsumption that the wing is infinitely
long mey Pe comsidered conservative because the insertion of uprights
on the webs, or of bulkheads or ribs, would tend to force the duckling
into wave lengths other thr 1 1ts natural wave length and thus to
reise the buckling slress. The smount of conservatism, however, is
probably quite swell for normal spacing of worights, bulkheads, or
ribsg.

Integral nature of assumed structure.- No published data ave
avallable to indicate the effect of riveted or othexrwise assecmbled

Joints in altering the buckling stress from that for an integral
(or continuous) gtructure. The effect would depend greatly on the
design of the attachment. Observations mede in the course of other
regearch programs have indlcated that the effect 1s probably guite
small for conservatively designed conventional attachments.

-

Flat compression skin.=- The assumptlon of a flat compression
skin 1s conservative, as the introduction of curvaturs would tend
to increase the buckling stress. Again, however, the amount of
conservatism is probably small, because the multiweb construction
1s most appliceble to very thin wings, where the deviation from
flatness 1n the reglon between webs is quite small. .

- Simple support &t lower edze of webs.- Because the tension skin
will always provide a finite smount of restraint ageinst webd buckling,

the replecement of the tension skin by a simple support 1s conserva-
tive. For one check case dlscussed in appendix A, however, it was
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found that an increase of the restraint at the lower edge of the
web all the way from slmple support to complete fixity produced
an increase of only 0.8 percent in the buckling stress. _ o

Symmetrical bending.- In the analysis, the neutral axis was
agsumed to bte at the center of the web. Whether this assumption
is valid for & particular wing depends upon the relative thicknesses
of tension and compression sking snd upcn the symretry cor C -
asymmetry of the airfoil section. If skin thlckneeses are :
dictated by torsionsl stiffness end 1f camber is small - beth
conditions being likely in very thin wings - the sssumption of
symmstrical bending chould not rspresent a very severs deperture
frem the actusl conditions.

Pure bending.- In the calculation of the buckling loads and
the preparatlion of the design charts, the wing. is essumed to be
subjected to pure bending and the effects of shear, torsion, and
local air lceds are neglected. If the aspect ratic of the wing
is' high the buckling of the structure dwe to bending mey be of
primary significence. Even if the aspect ratio is high, however,
there mcy be sufficient shear on the wing to preclude the assumption
of pure bending (zerd shear in the webs). An evaluation of this
assumption is mede in sppsndix C.

Charts for Cealculation of Buckling Stress

The chart for celculatlion of the buckling stress of a multiweb
wing, based on the preceding simpliflcaticns, is given in Tigure 2.
The method of preparation of this chart is dlscussed in appendix A.
This chart is of a type similexr teo those given in reference 1 for
columns of I-, Z-, channel-, and rectangular-tube section, and those
given in reference 2 for web- and T-stiffened compresslon panels.

o
The elagtic stress ~CX in the compression surface at which buckling
b

takes place is glven Ey the formuia

c

cxXr _ ksﬂzEtSE ) (l)

n o121 - ue)bsz

The valus of kS for any given set of dimension ratylos is picked

from figure 2, and the values of B and p are for the material
being considered.
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The value ¢f g prcbably conservative, can be obtained,
once ccr/n is lmown, from the curves for varicus alrcraft

structural materials given in reoferences 3 to 9, and the value
of @ can be estimated from these same referencos.

IESIGH CHARTS

Digcussion of Cherts

Design cherts for multiweb wings, based on buckling strosses
obtained frem figure 2 and experimental data frum references 3, 5,
and @, are given in fifures 3 to 6. The methed Tty which the deaign
charts are preparsd is outlined in eppendix B. Charte are presecnted
for 245-T aluminum=-alloy sheet, extruded 758-T eluminmm alloy, and
extruded O-1HTA magnesium alloy. A second chart for 0-1ITA which
makes possible direct comperison with {the other two matecials 1s
algo presented. Lack of experimentul deta at the present time
prevents the preparatlon of charts for a high-strength eliminum-
alloy sheet material or for megnesiwm-alloy sheet. It has Peen
agaumed 1n the preperation of the charts that one cof the design
requlirements for a multiweb wing 1s that buckling ehell not Pe
permitted under any flight ccondition. The value of aﬁaz used in

the preparation of the chsrts was ccnsequently never allowed to
excoed l.5chr.' '

The quantities with which the cherts are cntered are bw/ts
(the ratio of depth to skin thickness for the wing) ard Mi/bwts,
which defines the loading condition. (The quantity Mi/'bwts

revresents the highest stress attaineble, as it 1s the stress that
would be developed were the entire load cerried in the skin alons.)
The quentitlies to be read from the charts are the dimension

ratios tW/ﬁs and, bw/ts and the efficiency parameter Mﬁ/bwAi'

If M, end bw are fixed, the valuve of M, bwAi is an Inverse

meagure of the aree (and thus also of the weight) of the resulting
design. The higher the value of Mi/bWAi’ the less the weight

and the greater the efficiency of the structure.

If two materials of different densities are being considered,
the comparatlve values of MilbwAi for the two materials provide

an inverse measwure of the comparative areas but mnot of the

b3
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comparative weights. 1In order to make possible direct welght
comparisong between eluminum and extruded O-1HTA magnesium alloy,
figure 6 hes been preparsed, in which the value of A; has been

replaced by Ay , the area per inch of an aluminum structure of
eq. P -
the seme weight as the magmesiwm structure. Similarly, Mi/ 'bWtS

and 'bw/ts are replaced by ratios based on equivalent thicknesses

of aluminum, Mi/'bwts and bli/ts . - cee e -
eq .

eq
Exemple of Use of a Design Chart

The procedure in using the deslign charts can best be 1llustrated
by carrying through e semple design. Suppose the valus of My

is 300 inch-kips per inch end the wing denth “rJW is 15 inches. For

comperative purposes, 24S-T aluminum-alloy dssigns will be made for

values of skin thickness +%; of 0.4, 0.5, and 0.6 inch. The

procedure leg then as outlined in the following table:

(W] @ | ) [ W | 6| B (1)} (8| (9) | (19) (11)

Weight
(1b/sq £t)

M | Wl b M|t} P | Ay Ay
(10) [ty | % b [By| (m)] ()] ()| (an)

%
5430 |
from £ig. 3 @XM B) |15 )| L)I+O)Lh.kx(10)

0.4150.00(37.50 l0-45311.297]29.9}0.181 ]10.02[0.669{1.069| 15.4
.5 150.00 {30.00 | .305|1.000}30.7} .152 j15.00] .652{1.152| 16.6

.6{33.33125.00| .225} .737128.6| .135 [20.36] .699 {1.299| 18.7

Because the value of A; includes only the compression skin

and webs, the thickness of the temsion skin is added (column (10))
before the structural weight of the wing is computed. This structural
welght of the wing 1s, of course, a minimum value, which would he
increased by the weight of any attachments and fittinge required.

The three designs arrived at in the foregoing table are
illustrated in figure 7. These designs might be called the ideal
configurations. They would undoubtedly have to be adjusted in any
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given case to make use of avallable sheet gages and to provide

an integral number of sheet bays across the width of the wing.
Such adjustments must naturally denend on the perticular circum-~
stances in each design. After the adjustment is made, the safety
of the final design can be estimated through figure 2 and the
appropriate curve of Omax againgt Ucr/h from references 3 to 9.

It should not be concluded from the example that a thicker
skin always results in a greater wing welght, becauss for some
dimension ratios a slightly lighter design was found to be
obtained by using a thicker skin.

Langley Memorial Aeronautical Laboratory
Nationel Advigory Comlttee for Aeronautics
Langley Field, Va., April 1, 1947
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APPENDIX A

PREPARATION OF CHART FOR CALCULATION OF BUCKLING SIRESS

Sumeary of Procedure

The preparabion of the chart for the calculation of the
buckling stress of a multiweb wing was accomplished in two steps.
First, a calculation was carried through and a chert prepared for
obtaining the buckling stress of a plate vndergoing bending in the
plane of the plate, with the tension edge simply supported and the
compression edge subJected to various degrees of elastic restraint.
Second, the interaction of such a plate and the compression skin
was considered and from these considerations the chart of figure 2
was prepared.

Buckling Stress of a Plate in Bending

For the celculation of the critical stress of an infinitely
long flat plate under bending forces in the plane of the plate
the energy method was used. The plate is simply supported along
the tension edge and subJjected to various degrees of elastic
restraint along the compression edge. The elastic restraint is
assumed. to arise from an elastic medium distributed along the
compression edge; this slastic medivm has the basic property that
a sinusoidally applied moment causes a sinwsoidal rotation in phass
with the mowent. Thus, this elastic medium is equivalent to the
compression skin when the wave lengthe of the medium and the compression
skin are equal. The critical stress of the plate is obitained from
the condition of neutral stability in which the work done by external
forces must equal the strain energy of the buckled plete plus the
snergy of the restralning medium.

Figure 8 shows the coordinate system and the plate dimensions.
The intensity of the distributed forcea acting in the middle plane
of the plate is given by the equation

Ny = No(l -2 %) (A1)

The deflection surface of the buckled plate cen be represented by
the series

=sm—z%smng (a2)
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Substitution of equation (A2) In the expression for the strain
energy of bending (for this cese equation 199, reference 10) gives

[22]
o D D sl (a3)
»T T8 W ne ’
vhere Vp is the strain energy of the buckled plate per healf wave.

The expression for the energy of the restraining medlum per half
wave -ls

V., = 8,8°M\ (Al)

where 6 1s the amplitude of the sinusoldal edge rotation and
is glven by

o nw
=/ = A5)
n=L " By : (

Substitution of equation (A2) in the expression for the work done
by external forces on the plate (for this case equaticm 201,
reference 1G) gives

(o]

(o]
ENObW A a.naini

W Bl T (@2 - i2)°

T = (A6)

(n t 1 must be odd)

where T 1s the work done by the tensile and compresslve forces
during buckling. Equating this work to the strain energy of btending

plus the energy of the. restraining mediuvm and making the substitutions

2,
N, = Ky bWQ
g .o
(o] J_,_'bw
g o ¥



NACA TN No. 1323 11

gives the followlng expression in kW

= | 2 160 NN

N ’ ) 16 a_&a ni

Vo e2(1 e gBR)? s petgh W P —L A
n=1 * ® n=1 1 (of - i2)2

(n + 1 must be odd)

The coefficients &, mist be so adjusted as to meke the
expression for kw & minimum with the constraining relationship

that

(=]
=
6=,/ a =X (48)
n=1 bw

This result is accomplished by means of the Lagrangian multiplier
method outlined in reference 1l. The expression to be minimized is

= 2 1667k, N i 8,5l
X e 2(1 + g22) & 2eclplt bwh Rl Z_ e ol
T

n= 7 mel 1 (o2 - 12)2

-7(6-Z;an§>=0' (49)
h= W

(n £ 1 must be odd)

with the constraining relationships (A8) when 7 1is the undetermined
Lagranglan miltiplier. Teking derivetives of this expression with
respect to 6 and the coefficients &,, equating these derivatives

to zero, and simplifying gives the following set of linear
homogeneous equations:
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~
(l + Ben?)2 JGBQkW fan + 22 .0
2 1 (02 -12)2 2

(n & 1 must be odd) E (A10)

<o
E— ZZ: o2 "7 =0
%3 n=

For the purpose of these celculations 1t ls considerod
sufficlently accurate to sget

J+8

'Where J = O, 2, Ll', veo O, Then,

2
ay = lsB kWi 2&2 o+ h'a.l; + 68.6 - yin
21+ P12)2[(12 - )2 (12~ 162 (12 - 38)2| ewm (1 + 6%48)°

(i = l_, 3, 5, ...CD)

Substituting this eguatlion into the equations (Alo) gives the
following set of stablility equations:
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nle s ) DT S e \
T K G AP
. 2563%‘&1211 412
o 1TEs. (@ - 12)2( s 22)P(22 - 16 P
_ 256 %n S‘”— 612 |
#1135, (@2 - 12)2(1 + 3212)2(15 - 36)° %6
[02]
: m[l - 1685k, SO 42 ,
+ =1+ — A
2 2 1535 (28 - 12)P(1 + a212)2] vy - °
£ > i
3 7 i=1,3,5... (1 + 3212)2(12 - ,_I_)Q 8
168 -1 e’ % 12 |
+ 16— 1+
3 | 2 13355, (1 22)P (12 - 18R] "
I . ]_6‘321‘..w 5 =
oy £ 1
’ w3 | ¥ x2  1=1,3,5 (1 + 3212>2(i2 36>2J &6
i3 = ~ '
- _]; 2 ﬁ__ 12 L -
Iii TR 1=1,3,5... (1 + p242)° b, > y
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In order that equations (All) be compaiible, the determinent
of the coefficlents must venish. The lowest valus of kw for which

this doterminent venished 1s the desired buckling-stress coefficient.

Figure 9 shows & chart calcnlated from equationz (All) with
velues of kw \plotted asgalnst xwfhw for verioue valuves of a

parameter €, termed the ’'restraint coefficlent' alcng the compression
edge. The restraint coefficlent ¢ 1z given by the expression

18,by

€ =- (A12)

Dy

for the type of restralning medium in which a sinusoldally applied
moment causes & msinusoldal rotetion. With the coefficient kw

known, the elastlc buckling stress ccr/n can be calculated from
the'expression

(A13)

For the speclal case of elestic restreint along the teneion
edge with the compression edge simply supported, the eanme equatlons
can be used as for elastic restraint along the compressicn edge.

It is only necessaxry to obtain nesative veluves of kw from

equations (All). The minimuin negative value of k; for the restraint

coefficlent € = o (complete fixlty along the tension edge) wes
calculated and was found to differ from that for € =0 (simple
support along the tension edge) by only 0.8 percent. Thus, in this
case the assumption of simple support at the lower edge of the webs
is concervative by only approximately 0.8 percent.

Buckling Stress of a Multiweb Wing

The buckling stress of & multiwed wing was calculated by an
application of the principles of moment distribution to the
stability of thin plates. Thie mothod is presonted in reference 12.
For a structure composed of long plates under longitudinal loed the
conditlion of neutral stability gives the criticel buckling stress
for the structure and is obtalined by setting the sum of the stiffnesses
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of the members of any Joint equal to zero. If the Joint is assumed
to be the intersection line bstween a web element end the compression
skin, the total stiffness of the Joint must be zero:

osTV . sII _ o (A1k)

s W

Also, for equilibrium of the web. the restraint offered to the web
must equal the negative of the. stiffness of the web:

6 ws)
W

Substituting equation (Al5) in equation (All) and simplifying in
order to obtain the stiffness of the compression skin in terms of
the restraint offered to the web gives _

o, (@
S o .\ S ‘o (A16)

& 1

As the stress in the web at the Joint must equal the stress in
the skin at the Joint for equilibrium, _ ) e

oy = Og
or
(%) ),
e
iy = ks_ (%i‘\"e (A7)
%
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It is also necessary that the helf-wave length of the web equal the
half-wave length of the skin

My =

0

oxr

= |

aFWéfl&Fb?
z
&

The criticael buckling stress of the multiweb wing is, therefcre,
the lowest stress that satisfies the three conditions (equations (A1l6) 5
(A17), end (A18)) simultenecusly. The buckling coefficient ky 1s
determined by trial calculations snd interpolation so that these
conditions are met. The stiffness of the compression skin for
different values of the paremeter xg and ks was obtalned from

the stiffness tebles of reference 13. The stiffness of the web

for different velues of the paremeter AS and ks was obtained

from figure 9 herein. )

From theso calculations the chart of figure 2 was constructed
with values of kS plotted agalnst verious dimension ratios ¢
of tw/ ts and b.h,/'bs. When the buckling ccefficient ks is

known, the elastic critical. stress for the multiweb wing can be
calculated from the equation

o
cr 2/ D\

—= = K" -5~ (A19)
n s (‘bets
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AFPEKNDIX B

TESTIGN CEHARTS —

Selecticn of Parameters

In order to prepare design charts, it is necessary bto know
what factors must be considered design conditions and what factors
can be varied at the will of the designer. In order that the chart
for each material may be completely general, it is alsc desirable
that the perameters selected be either dimensionless or in units
of stress. :

For the design of a mumltliwed wing, the more important fixed
conditions to be met ares usually the moment per cherdwise inch, the
depth of the wing cross section. and the skin thickness. These
design conditions can be specified in terms of the two parsmeters
M, /bwts and bW/tS. The quentity Milbwts represents the highest

stress attainable, as it is the stress that would be developed
wore the entire load carrisd in the skin elcne. The quantity bw %

S
is simply the ratio of depth to skin thickness for the wing.

The thickness and spacing of the shear webs can be varied to
produce the required strenpgth. These quantities can be expressed —
in terms of the ratios % ﬁs and bw/bS’ )

It is also desirable to have & paraweter that gives a msasure
of the structural efficiency of the design. Such a quantlty

is Mi/bwAi- Vith Mi end by fixed, this quentity is en inverse

measure of the arsa and thus, for given density, also an Inverse
measure of the weight of the compression skin snd webs.

Preparation of Design Charts - ol

The procedure in preparing the charts is sessentlally one
of working backward from csrtaln proportions of the wing to the
deslign conditlons for which those proportions provide the most
efficient cross section. The starting conditlons are taken as
values of Mi/hwts: tW/tS’ and bw/bs. The other necossary

quantities will now be evaluated In terms of these fixed values.
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The aree per chordwise inch of compression skin and webs 1is
given by the area included in one bay divided by the width of that

bay:

A Pty * Byly

=SB MW
b

and
A by by (51

The value of MilbwAi ig then glven by

My ) Myfhyty -

Bty Ayt

G which

With the neutral axis at the center, the value of s

is the stress that must be developed in order to cerry the ﬁoment,

is given by
My

“mex T T . L '
bStS + 'g* bw‘ﬁw

by

M, [t
1 Purts (52)
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which reduces to

M|b t '
- 1/ WS R ¢:%: )
max b ' ' .
6 By bs

The valus of Ucr/n correspending to o is taken from figure 10

for the material under consideration. The right-hend portion of the
curves in figure 10 are obtained from references 3, 5, and 9. (The
curve for 24S-T shest is a lower envelope of the curves of reference 3,
and the curves for extruded 75S-T end extruded O-1HTA are an average
of the curves of references 5 and 9.) The streight line at the left
is simply a plot of the quation Eﬁax = l-5qcr = 1.5€%§ (for

the range covered, o, = «& ) and is besed on the assumption that
no buckling of a multiweb wing should be pexrmltted under any

flight condition. The design ultimste stress must then never

exceed l.5ccr.

If t[tg and by|bs ere known, the value of kg can be

picked from figure 2. Then by transposition of the terms in
equation (1),

2
E§ _ kn“E
tS 21 - pe)qcr/n
end
Bybg By kgr°E

(BY4)

B M
s Ps s Ps 121 - 6B)og,[n

The foregoing calculations show the design ccnditions that apply
to a given combination of values of tw/ts end bw/bs. This

ccmbinatlion, however, may not be the most efficient way of meeting
those design conditions. In order to find the most efficlent
proportions, bwlbs is varied for each tw/ts to obtain a serises

of values of kg, ccr/n, bW/tS, and M;[byA; for esch value
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of tWItS' Then, for each value of twlts (with a given velue

of Mi/hwté)’a curve of M.i"bwA1 against bw/ts is obteined.

The envelope of all these curves shows the maximum efficiency
attainable, and the point of tangency of each curve to the envelope
shows the value of hwlts to which sach twlts corresponds. The

point along the individual curve at which 1t becomes tangent to the
envelope indicates the value of bwlbs.

Actually, it was Tound that, in the elastic range, the value
of bWIbS giving maximum efficiency for a given tW/ts was constant

(see Tigs. 3(b), 4(b), 5(b), and 6(b)) and that, above the elastic
range, the variation from this value was not appreclable. This
single value of bw[bs for each tw[ts was therefore used in the

preparation of the charts.
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APPENDIX C

EFFECT OF SHEAR IN THE WEBS ON THE BUCKLING

STRESS OF MULTIWEB WINGS

The present analysis treats the problem of a multiweb wing in
vhich the buckling of the wsbs and compression skin under bending
loeds is of primary significance. Even though the bending loads
mey be of primery significance, the webs and compression skin will
be under a combination of bending end sheasr loads. The sheer stresses
in the skin shouwld be low in order to obtain torsional stiffness and
thus will be neglected. The interaction of the shear and bending
loads in the webs, however, must be considered. The simplest method
of considering shear in the webs is by means of an interaction curve
so that the approximate effects can be determined.

Interaction Curve

Figure 11 shows an interasction curve adapted from figure 19k
of reference 10. This curve is for a flat rectangular plate simply
supported along the edges and svbjJected to & combination of shear
and bending. From reference 10, it appears that the interaction
curves are substantiaslly indspendent of the aspect ratios and the
curve given in figure 11 is an average of those given in reference 10.

The shear-stress ratio R is the ratio of the shear stress T
actually present in the plate %o the critical shear stress of the
plate TEr when no other stresses are present. Simllsrly, the

bending stress ratio Rb is the ratio of the bending stress o

actually present in the plate to the critical bending stress of the
plate . when no other stresses are present. Thus, the interaction

curve glves the various combinations of bending and shear stress that
will cause buckling of the plate.

Effect of Shearing Stress on Multliweb
Wing Design
A designer may meke a preliminary design of a multiweb wing

based on bending loads alone. The shear stress in the webs T

and the critical shear stress Tcr sre then calculated and from
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these values the shear-stress retio Ry is obtained. The value of
the critical shear stress for simply supported edges Top o1 be

calculated, once the web dimensions and materiasl are known, by the
method and cherts of reference 14. The value of Tcr computed in

this manner is probably slightly consexvative since the web would
be restrained along the upper and lower edges. With the ratio Ry

established, figure 11 can be entered and the ratio Rb obtained.
Thls ratio Ry, 1is, then, the ratio of the bending stress o actually
elloveble in the web to the critical bending stress Ocp When no

other stresges are present. Since Oop Tor the preliminery design

mey be obtained by the use of figure 2, the allowable bending
stress o can be obtained. This stress o, acting in combination
with the shear load, will cause buckling of the wing.

It may be noted from figure 11 that considerable sheaxr can be
Present without greatly reducing the buckling stress for the webs
in bending. ’



KACA TN No. 1323 23
REFERENCES

1. Kroll, W. D., Fisher, Gordon P., end Heimerl, George J.:
' Charts for Calculation of the Critical Stress for ILocal
Ingtabillty of Columms with I-, Z-, Channel, and
Rectangular-Tube Section. NACA ARR No. 3KOk, 1943.

2. Boughen, Rolla B., and Basb, George W.: Cherts for Calculation
of the Critical Compressive Stress for Tocal Instability of
Tdealized Web- and T-Stiffened Panels. NACA ARR No. LLH29,
194k,

3. Iundquist, Fugene E. Schuette, Evax H., Heimerl, George J., and
Roy, J. Albert: Colun and Plate Compressive Strengths of
Aircraft Structural lMaterials. 2LS-T Aluminum-Alloy Sheet.
NACA ARR No. ISFO1, 1G45. : : Co

k. Heimerl, George J., and Roy, J. Albert: Column and Plate
Compressive Strengths of Aircraft Structural Materials.
17S-T Aluminum-Alloy Sheet. MNACA ARR No. I5FO8, 1945.

5. Helmerl, George J., end Roy, J. Albert: Colwm end Plate
Compressive Strengths of Alrcraft Structural Materials.
Extruded 75S-T Aluminum Alloy. NACA ARR No. L5F08e, 1945.

6. Helmerl, Georse J., and Roy, J. Albert: Columm and Plate
Compressive Strengths of Aircraft Structural Materials.
Extruded 245-T Aluminum Alloy. NACA ARR No. L5FO8b, 1945.

T- Heimerl, George J., and Fay, Douglas P.: Column and Plate
Compressive Strengtks of Aircraft Structural Materials.
Extruded R303-T Aluminum Alloy. NACA ARR No. LSHOL, 19h5.

8. Heimerl, Gecrge J., and Niles, Donald E.: Column and Plate
Compressive Strengths of Aircraft Structural Materials.
Extruded 14S-T Aluminum Alloy. NACA ARR No. L6&CL19, 1946.

9. Heimerl, George J., and Niles, Donald E.: Columm and Plate
Compressive Strengths of Alrcraft Structural Materials.
Extruded O~1HTA Mognesium Alloy. NACA TN No. 1156, 194T.

10. Timoshenko, S.: Theory of Elastic Stability. McGraw-Hill
BOO}SI CO-, Inc-, 1936' ’ e e



2h

11,

i2.

13.

1h.

NACA TN No. 1323

Budiansky, Bernard, end Hu, Pal C.: The lagrangian Multiplier
Method of Finding Upper and Lower Limits to Critlcal Streases
of Clemped Plates. NACA TN No. 1103, 19h4o.

Lundquist, Eugene E., Stowell, Elbridge Z., and Schuette,
Evan H.: Principles of Mowent Distribution Applied to
Stability of Structiwres Coumposed of Bars or Plates.
NACA ARP No. 3K06, 1943.

Kroll, W. D.: Tables of Stiffngss and Carry-Over Factor for
Flat Rectangular Plates under Compression. NACA ARR
No. 3K27, 1943. :

Stowell, Elbridge Z.: Criticsl Shear Stress of an Infinitely
Long Flat Plate with Equal Elestic Resiraints Agsinst
Rotation along the Perallel Bdges. NACA ARR No. 3K12, 1943,



NACA TN No. 1323 Fig. 1

NATIONAL ADVISORY

Simple support COMMITTEE FOR AERONAUTICS
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Figure 8.- Infinitely long flat plate under bending forces, Tension edge
hinged, compression edge elastically restrained.
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