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CHARTS FOR THE MINIMUM-WEIGHT DESIGN OF 24S-T ALUMINUM-ALLOY FLAT
COMPRESSION PANELS WITH LONGITUDINAL Z-SECTION STIFFENERS

By Evan H. ScEUETTE

SUMDMARY

Design charts are developed for 24S-T aluminum-alloy flat
compression panels with longitudinal Z-section stiffeners.
These charts make possible the design of the lightest panels of
this type for a wide range of design requirements. Eramples
of the use of the charts are giren and it is pointed out on the
bagis of these examples that, over a wide range of design condi-
tions, the maintenance of buckle-free surfaces does not conflict
with the achierement of high structural efficiency. The achieve-
ment of the maximum possible structural efficiency with 24S-T
aluminum-alloy panels, howerer, reguires closer stiffener
spacings than those now in common use.

INTRODUCTION

In a longitudinally stiffened compression panel, in which
all the material is active in carrying load, the requirement of
minimum weight is tantamount to that of carrying the load
at the highest possible average stress. The average stress
developed by such a panel under the loading conditions
imposed is thus a direct measure of the structurel efficiency
of the panel. If longitudinally stiffened compression panels
are to be designed for high structural efficiency without a
large number of cut-and-try computations, it is desirable
that design charts be prepared to indicate the average stress
attainable under various loading conditions. The prepara-
tion of such charts requires that a suitable design parameter
in which the important loading conditions are incorporated

be found.
It has been found that a suitable parameter for longi-

tudinally stiffened compression panels in the design of
which the transverse stiffness can be neglected is -Tli;?’
where P, is the compressive load per inch of panel width,
L is the panel length, or distance between supporting ribs,
and ¢ is the coefficient of end fixity at the ribs. The quantity
Py, which is essentielly independent of the distribution of
material in the compression panel, can be estimated for a
wing panel from the bending moment on the wing and the
thickness and chord of the wing. The length L may be
fixed by the presence of such installations as fuel tanks or
armament or may be arbitrarily assigned for the purpose of
arriving at a trial design.

In reference 1 buckling stresses were plotted against the

parameter L_f%g’ with slightly different notation, to form

the basis of a theoretical study of the efficiencies of various

types of stiffening elements. In the present paper the same
parameter has been used as & basis for the preparation of
design charts from extensive test data on 24S-T aluminum-
alloy flat compression panels with longitudinal Z-section
stiffeners; the data were obtsined from reference 2 and
from additional tests completed since publication of refer-
ence 2. These charts make possible the choice of the
lightest panels of this type to conform to a wide range of
design conditions. An appendix is presented in which the
procedure followed in preparing the charts from test data is

described snd the method for obtaining % as a natural

parameter against which the average stress may be plotted to
obtain a direct measure of structural efficiency is developed.

SYMBOLS AND DEFINITIONS

The symbols used for the principal panel cross-sectional
dimensions are indicated in figure 1. In addition, the
following symbols are used: ’

A, cross-sectional area per inch of panel width, or equiva-

lent thickness of panel, inches

L length of panel, inches .

P, compressive load per inch of panel width, kips per inch

modulus of elasticity in compression, ksi

coefficient of end fixity as used in Euler column formula

coefficient in formula for local-buckling stress

radius of gyration of panel cross section, inches

nondimensional coefficient that takes into account re-
duction in effective modulus of elasticity when panel
fails as a column beyond the elastic range

o, critical stress, or stress for local buckling, ksi

7. average stress at column failure, ksi

Tmar Average stress at local failure, ksi

7, average stress at failure for any panel, ksi

e . —

e /0
&

~—

= A
FIGURE 1.—Symbols for panel dimensions,
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The average stress at which any particular panel fails, 7,,
may be a local-failure stress, a column-failure stress, or the
stress for a type of failure intermediate to these two. TFail-
ure by twisting of the stiffeners is included as a form of local
failure. Because the design charts are based on actual test
data, it is not necessary to make any distinction between
local and twisting failure. Such a distinction, moreover,
would be at best an arbitrary one, as the two types of failure
are interrelated in the case of stiffened panels.

It should be noted that the local-failure stress &n,;, which
represents the maximum value of average stress that can be
achieved in a given cross section as the panel length is re-
duced, is an average stress at failure and is not to be confused
with the stress for local buckling s, which does not neces-
serily imply failure. The term “local buckling” as used
herein includes both buckling of the skin and buckling of the
stiffeners, because neither of these elements can buckle with-
out exerting moments on, and thus causing deformation of,
the other element. .

DESIGN CHARTS

Design charts for 24S-T aluminum-slloy flat compression
panels with longitudinal Z-section stiffeners are presented in
figures 2 to 5. The procedure used in the preparation of these
charts from test data is deseribed in the appendix. Values
of Afts, necessary for arriving at a final design, are given in
tables 1 to 3 for a wide range of dimension ratios.

In order to show the maximum stresses attainable by the
use of panels of the type to which the charts apply, enyvelopes
are indicated by the dashed lines for cach value of the
ratio bg/ts in figures 2 to 5. These envelopes have been
combined (fig. 6) to give the over-all envelopes for the four
values of the ratio fwffs. The values of bgffs and b/t
needed in order that a panel will develop the stress indicated
by an envelope are also given in figure 6.

The design parameter -13—'-: against which stress is plotted
LiYe \

in figures 2 to 6, comprises the principal design conditions:
the compressive load per inch of panel width; the length of
panel, or distance between supporting ribs; and the coeffi-
cient of end fixity. The most efficient (lightest) panel for a
given combination of these conditions is that panel which
will develop the highest average stress for the particular

f_._‘_P*_ ’
value o e

Discussion of charts.—The charts include a wide range of
panel proportions. All the charts have been drawn for a

value of ?)bT:=O.4 ; it is shown in the appendix (figs. 17 to 20),
however, that curves for Z—;=0.3 and 0.5 would be in close

agreement with the curves for {)r‘; =0.4. Thecurves of figures

2 to 5 may therefore be applied with reasonable accuracy
for any value of be/by between 0.3 and 0.5. The available
test data seem to indicate, moreover, that the most efficient
use of material will be realized if & proportion in this range is
selected. (See appendix.)
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The short horizontal lines that interseet the curves of
figures 2 to 5 indicate, for each panel cross section having
appreciable local buckling, the stress at which this buckling
occurs. ~ In this report this stress is taken as that at which
the compressive strain on one side of the skin or the stiffener
web begins to be reduced with increasing load. This defini-
tion of buckling is convenient for structural testing; from the
standpoint of aerodynamic smoothness, appreciable buckling
probably takes place at stresses somewhat lower than those
indicated on the charts. It will be noted that for some of
the lower values of bg/ts and byt no buckling stress is shown,
In these cases, there will undoubtedly be some buckling but
presumably it will occur at a stress coincident with or only
very shghtly below the failure stress.

It is pointed out that for tt—z=0.79 and 1.00 (figs. 4 and §),

_ the curves for values of $:=-25 and 30 have been obtained

entirely by extrapolation. These eurves should thereforo be
used with a certain degree of caution. A few check tests
made since the preparation of the charts, however, indicate
that the curves will in no case be more than 6 percent un-
conservative. In all the other curves, it is believed that any
unconservatism that may be present is of much smaller
magnitude.

Discussion of tests and test panels.—In order that the de-
sign charts may be properly used, it is necessary to know
something of the test pancls and the test results on which
the design charts are based. The details of these tests are
described in reference 2; some of the pertinent information
regarding the tests follows:

The test panels consisted of six stiffencrs and five bays.
The panels were tested flat-ended and without edge support.
A fixity coefficient of 3.75 was used in reducing the {est
data for application to an effective pin-ended length, The
average compressive yield strength for the material of which
the test panels were constructed was about 44 ksi; the min-
imum yield strength, about 41 ksi; and the maximum yield
strength, about 46.5 ksi. The rivets were countersunk and
were driven by the NACA method of inserting & fAnt-head
rivet from the stiffener side of the hole, upsetting the rivet
shank into the countersunk cavity, and milling off the pro-
truding portion of the upset shank. The rivets were A17S~T
(AN442AD) and were of the sizes and spacings indicated by
the following table:

tw Rivet spacing | Rivet diameter
41 [ ia
) 0.51 10.0 1,60
.63 12.2 1.84
. 12.3 1.93
. 100 1.7 1.85

Because the compressive strength of stiffened panels may
be affected by’ the size and spacing of the rivets used to
attach stiffeners fo skin (reference 3), the rivet altachment
must be equivalent to that indicated by the foregoing table
in order to be sure of realizing the strengths indicated by the
design charts.
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FIGTRE 4— Design chart for 248-T alnminum-alloy fiat panels with Z-section stiffeners: %’-o.‘m (:’T:-o.s; {)—:-s; :T:"*; end :—:-o.s to 0.5) .



858

REPORT NO. 827—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

20 bw
40 - b
~ 25 20
5 -
/// 30 - 25 -—i* 20
’
4 4 30 L 25 - 20
704 74 2t s
/l/ 1/ // " /] /
///, / // A Va7, g0
20 / / e i
A
//‘ A 0 -~ _—
[T 2 T AT y AVI 7 =TT ] ]
rild L1 AL/ [ 7Y 7rA LA
RIiViEyd {Y ] o IiTAD -
/ e v A Pralili’s’ 50
& Ve 5 4’!, AN //' //r
I} !
] > 1% 0, 1A 11
20 i P K1 1A 1 iV
/ ] i) A/ L
Fif [ 1,74 I3 ] .
11 i Lt
] /i -
- I l I ‘\\
| /[ [ II / ~Stress for focof buckling
- —3- - —|. 4
/1 3 -
[ I e .
10
I I T 1]
| i | | | i ]
] ] | / -
5 i i [
x 5, b
- {11 -ti n 25 30 35 40
o : N
—{-
] |
] 320
3o A ] & I T
/1 3? [ 1A a5 2 %
. /// ] I | e o
% ' ” e
7 - 40 Z 25 2
7 A H e 20 4 30
/7 = RN/ | / NANEN
pd N ARPT = =) 7/ 4 T
201 77 1Y/ 4 I
H A [I7ip= 50 o]
[ [} 4 r 1l
1 7 i 17
I 7
i i
i i -
/
/0
& > Stress for local buckling T ::—I—i
5 60 75
75 = 50 T
| L 1]
o I
k- 02 - i kips/in.
I\ i
LWs’ “in

FIGURE 8.—Design chart for 248-T aluminum-alioy fict pacels with Z-section stiﬂenm;g-lm ( f—:-&s; :T'; -3 ;T: =4, and %5;_-0.3 t.oo.b).



CHARTS FOR DESIGN OF 24S-T ALUMINUM-ALLQOY COMPRESSION PANELS WITH Z-SECTION STIFFENERS

pAEN
e T
L2100 | ! |
- .79
40 PP apt N
PP EaP i 1 |
A S
A L
A " L4
e o -
A P
A
AT
30 717
A
/
fy/
® i //
x i
3 /
20
10
0 4 I
5 , kipsfin.
c in.

559

69,
\
1 by
R\ 1y
éh 40 AN l,
W AT AL 79
N\ A A '2—?
\‘\\\\\, L 1 Vd ~ .ﬁ
AN ST
\\‘
" -~
20 1
&0
Yy
" :
B \ \ = 1.%
\ \ o L= .
=40 N 3
z, AN ’ -6
s AN y a1l
AN
S T
N N
e
™~ stt\
\:\\\
I~ —
2g !
g. 2 P R4 [}
(i Iu‘ps[in.
INe’ in

FicrRE 6.—Highest values of average stress at failure for 245-T aluminum-alloy fat panels with Z-section stiffeners, with values of bs/ts and hw/tw needed to realize these stresses.

USE OF DESIGN CHARTS AND EXAMPLES

1f sheet material could be obtained in any desired thickness
and if no special limitations were put on the design, it would
be sufficient merely to find those proportions that would give
the highest stress for the given value of Py,

Lie
certain limitations are usually imposed, bowever, the struc-
ture that represents the best compromise of ell the require-
ments must be chosen.

The usual gages in which aluminum-alloy sheet is manu-
factured are such that if the four ratios of ¢w/fs in figures 2 to
6 are applied consecutively to a particular skin gage, the
four stiffener gages that result will generally be consecutive
standard geges. Interpolation between the curves of two
consecutive charts (figs. 2 and 3, 3 and 4, etc.) is therefore
unnecessary for most practical purposes.

The particular procedure to be used in obtaining 2 design
from the charts will depend on the nature of the results
desired. Three possible methods ere discussed, and examples
are given of designs obtained for a given load intensity end
three different lengths by each of the methods.

The distinguishing features of each method are

Because

Ideal design:

The method for obtaining the ideal design gives the lightest
panel that could be obtained if the designer were not re-
stricted to the use of standard sheet gages. The design is
obtained by use of the over-all envelopes of figure 6 only.

Short method:

The short design method provides, without lengthy com-
putation, a near approach to the lightest panel that can be
obtained by use of standard sheet gages. The design is
obtained by use of the envelopes for given values of bs/ig
that appear as dashed lines in figures 2 to 5.

Maximum efficiency:

The method of designing for maximum structural effi-
ciency gives the lightest panel that can be obtained by use
of standard sheet gages. The design is obtained through a
complete study of the individuel solid curves in figures 2
to 5. The method is somewhat lengthy; examples have
been worked out by its use, however, to serve as a check on
the short method, so that that method can be used with
confidence. '
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Each of the three methods is given as a series of steps for
reaching the final designs. In the method for obtaining the
ideal design, the detailed computations for the four values of
wfts included in figure 6 are given for L=10, 20, and 30
inches with P,=3.0 kips per inch and e=1. In the other
two methods, the detailed computations are given only for

L=20 inches and —=0 79, again with P;=3.0 kips per inch

and ¢=1; final rcsults are glven however, for the complete
get of examples considered in the d1scuss10n of the first
method. It is assumed in all ecases that a skin thickness
of 0.064 inch is necessary in order to comply with other
design requirements. A value of b#/byr of 0.4 is used through-
out. In arriving at the final designs, no values of the
dimension ratios outside of the ranges covered by the charts
are given consideration.

Method for obtaining the ideal design.—The ideal-design
method consists of picking from figure 6 the optimum pro-
portions and the stress and computmg from these the actual
panel dimensions.

The values and computed quantities for the conditions
previously mentioned are given in table 4 and are referenced
to the steps in the following procedure:

(1) Compute —= L/\/_

(2) From the curves of figure 6 pick off for each value of
tw/ts the values of bgfts, bw/tw, and 7, corresponding to the

P,
value of Ve
(3) Pick from table 2 the values of A,ft; for the ratios
(If l%=0.3 or 0.5' is used, table 1 or

table 3, respectively, should be used instead of table 2.)
(4) Compute

determined in step 2.

This formula is based on the equality

P¢=FfAt
(5) Compute

This procedure results in four designs for each length,
corresponding to the four values of #/ts, for the given condi-
tions. (See table 4.) The values marked with footnote a
in table 4 represent those chosen as approaching most
closely the desired condition of {5=0.064 inch; these values
therefore give an indication of the proportions needed in a
practical design to meet the design requirements most
efficiently.
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The resulting designs are shown as the ideal designs at the
tops of figures 7 to 9, along with bar graphs of the average
stress at failure and the buckling stress. The bucklipg
stress for each design was obtained by interpolation from
the short horizontal lines for buckling in figures 2 to 5. In
some cases in which failure is by column action, the buckling
stress shown by figures 2 to 5 will be greater than the failure
stress for the designs obtauined. Whenever this difference
occurred in the present examples, the buckling strcss is
shown equal to the failure stress.

Short method for obtaining a practical design.-~The short
method consists of picking the optimum value of b/t and
the corresponding stress for cach value of bgfts from the in-
dividual envelopes of figures 2 to 5 and computing from these
values the actual panel dimensions. Panel designs that
employ standard sheet gages are then selecled from (he
various designs obtained.

The values and computed quantities for L=20 inches and

—=0.72 are given in table 5 and are referenced to thesteps
in the following procedure:

(1) Compute : L/
(2) From the curves for a particular value of tx/ls (in this

example, fig. 4 for %"=0.79 is used) pick off for cach value of

bsfts the values of byftyy (by interpolation along the dashed
cnvelope) and 7, (from the envelope) corresponding to the

value of ——'= 7] V,—
(3) Pick from table 2 the values of .1,/ig for the ratios de-
termined in step 2.
(4) Compute
P,
Ay

O'ft

lg==

(5) Plot byftw, ts, and 7, against bsflg for the particular
value of #yfts. (The plot for the example being considered
is shown in fig. 10.) Tabulate the values of bgfts, bifty, and
@, corresponding to the point where ty equals the speeified
value.

(6) Check computations by picking from table 2 the value
of "A,/ts corresponding to the ratios tabulated in step 5. If
all computations and plots are correct,

;!
P;—O‘;t‘ts

(7) Compute

(8) Repeat steps 2 to 7 for other values of fyffs.
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Like that for the ideal design, this procedure results, for
each length considered, in one design for each value of
twfts. It may not always be possible to find satisfactory
designs under the conditions imposed for all values of
tiwfts. (Note that no designs are given in figs. 8 and 9 for

—=0.51.) All the designs resulting from the use of the short

method utilize standard sheet gages and meet the require-
ment that #5=0.064 inch. The choice of design now de-
pendson arrivingat asuitable compromise between high stress
and wide stiffener spacing. If the prevention of buckling
under load is considered important, then the buckling stress
must also be taken into account in making a choice.

The designs obtained by carrying out the foregoing
procedure for the several values of L and ¢/ts are shown as
the short-method designs in figures 7 to 9 along with bar
graphs of the average stress af fallure and the buckling
stress.

Method of designing for maximum structural eficiency,—
The maximum-efficiency method consists of computing the
thickness required as bg/ts is varied for each value of by /ty
and selecting the designs for which the skin gage is equal to
that desired. The procedure results in a series of possible
designs for each value of ¢y/is, from which those designs that
provide the highest average stress at failure can be selected.

The values and computed quantities for L=20 inches and
%;'3=0.79 are given in table 6 and are referenced to the steps
in the following procedure:
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(1) Compute ——= L/

(2) From the curves for a particular value of #/fs (in this
example, fig. 4 for %=0.79 is used) pick off for cach value

of by/tw and bs/ts the value of 7 corresponding to the value

of —7=P

L/ Ye

(3) Pick from table 2 the values of .1/ corresponding to
the ratios used in step 2.

(4) Compute

(5) Plot & and oy against bgfts for each value of byfty and
twfts. Plot the particular value of byfty at the value of bgfty
for which #3 equals the speeified value and mark the value
of stress at that value of bgfts. The plots of this step for the
example under consideration are given in figure 11 as the
short lines for the several values of by /ty indicated. In order
to avoid unnecessary confusion, only short portlons of the

curves, except the curve for = =20, are shown.

b
(6) After step 5 has been completed for all the values of
bw/tw, draw curves of stress and of byt against bgfts through
the points determined in step 5 (heavy curves in fig. 11).

40
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07 |t 40
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FIGURE 11.—Plot for obtaining deslgn for maximum structuraleMeloncy, Pim3.0 kips por Inch;

L=20 inches; cerl; Lam0.004 mch.:'—'-ovo
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(7) Each of the curves drawn in step 6 represents a series
of designs, ell of which have the required value of #g (in this
case, 0.064 in.). The maximum point on the curve of &
indicates the design for maximum structural efficiency for
the particular value of #xfis. Note this maximum value
of &, the value of bsfts at which it is reached, and the value of
bw/tw, which can be picked from the curve of bg/fly against
bsfts.

(8) Check computations by picking from table 2 the
value of A,fts corresponding to the ratios selected for maxi-
mum structural efficiency in step 7. If all computations
and plots are correct,

(9) Compute

(10) Repeat steps 2 to 9 for other values of ty/is.

This procedure results, for each length considered, in one
design for each value of f5fts. The choice of a design de-
pends on arriving at a suiteble compromise between high
stress and wide stiffener spacing, with posmble consideration
for the buckling stress.

The designs obtained by carrying out the foregoing pro-
cedure for the several values of L and #zffs are shown as the
maximum-efficiency designs in figures 7 to 9 along with bar
graphs of the everage stress at failure and the buckling stress.

DISCUSSION

Figures 7 to 9 provide a visual comparison of the designs
that result from use of the three methods presented. The
short method of design gives in every case an average stress
at failure very close to that obtained by designing on the
basis of maximum structursal efficiency; the buckling stress,
however, is in some cases somewhat lower than that for the
maximum-efficiency panel.

YWhether the design obtained by the short method or the
design for maximum efficiency is selected, the best design for
P,=3.0 kips per inch on the basis of stress, is obtained at

L=10 inches w1th —0 51, at L=20 inches with ——0 63,

and at L=30 mches with E=0'79' In figure 6, however,

the highest envelope, which gives the lightest design, is that

for zzf—“'=1.(}0. This apparent contradiction results from the
S

565

fact that in working out the examples a skin thickness of
0.064 inch was specified. In order to reach the curve for

=1.00 (fig. 6), a study of table 4 shows that the skin thick-

ness would have to be 0.034 inch at L=10 inches, 0.041 inch
at 20 inches, and 0.046 inch at 30 inches. Mloreover, the
stiffener spacings for designs having such small skin thick-
nesses are very small.
on skin gages and stiffener spacings, therefore, it is fre-
quently not possible to reach the envelope values of stress
and hence the lowest possible weight.

Figures 7 to 9 show that the best panel (that with highest
;) obtained at each length by the mazimum-efficiency
method does not buckle until failure or very close to failure.
The best panel designéd by the short method, although it
may not have quite so high an average stress af failurs as
the maximum-efficiency panel, also does not buckle until
very close to failure. This condition has been found to
hold true over a wide range of design requirements. It is
therefore evident that over a wide range of conditions the
maintenance of buckle-free surfaces does not conflict with
the achievement of high structural efficiency. The simul-
taneous achievement of both these ends by use of 24S5-T
aluminum-glloy panels, however, apparently requires closer
stiffener spacings than "those now in common use. For
example, the maximum-efficiency designs for P,=3.0 kips
per inch and #{;=0.064 inch have the following spacings for
the three lengths:

L bs s
(in.} ts ()
10 20 170
20 421 263
30 0.0 2.3

CONCLUDING REMARES

Charts are presented for the minimum-weight design

of 243-T aluminum-alloy flat compression panels with .

longitudinal Z-section stiffeners. From examples based
on the use of these charts, it is concluded that, over 2 wide
renge of design conditions, the maintenance of buckle-free
surfaces on longitudinally stiffened compression panels
does not conflict with the achievement of high structural
efficiency. The achievement of the maximum possible
structural efficiency with 24S-T saluminum-alloy panels,
however, requires closer stiffener spacings than those now
in common use.

LaxerLEY MEMORIAL AERONAUTICAL LABORATORY,
NarioNan Apvisory COMMITTEE FOR AERONAUTICS,
LaneLeY Fiewp, Va., July 9, 1946.

(See table 4.) Because of limitations



APPENDIX
METHOD OF PREPARATION OF DESIGN CHARTS

Development of design parameter jWP‘:-—As stated in the

Introduction, the average stress developed by a longi-
tudinally stiffened compression panel is a direct measurs of
the structural efficiency of the panel.
out that a suitable design parameter sgainst which this

P
average stress may be plotted is I /\f'—c—’ where P, is the

compressive load per inch of panel width, L is the panel
length or distance between supporting ribs, and ¢ is the
coefficient of end fixity at the ribs.

. . _ P,
The following derivation shows how the parameter I/vs

evolves from the usual column formula:
The column formula may be written

7= <”21E° ;o (A1)

Multlphcatxon and division of the nght—hand side of equation
(A1) by P§ gives

=B () (574)

If the stiffened panel is to have a strength just equal to that
required by the design conditions, P,=As. and equation
(A2) may therefore be written

vo=nrE, (A) (L/\/f,) (

(A ) (L/ Je c)
which may be written

7=V (%) (572)

(A2)

or

(A3)

The quentity /77F, in equation (A3) is fixed for a given

material, as is the relationship between 7, and r, except for
negligible shape effects. The quantit_\;r—i is the design
: Live

parameter; p/d, is dimensionless and is determined by the
relative rather than the absolute dimensions of a panel.

- .. Py
A plot of 7, against Iive is therefore dependent on the

ratios of the various panel dimensions and not on the abso-
lute values of the dimensions.
Determination of average stress at local failure ¢p...—
From equation (A3), the best panel of a given material for
580

It is further brought

P, .
any value of Iive on the basis of column strength appar-

ently is that pancl which has the highest value of pfd.
Changes in proportions that result in an increasc in p/Aq
will, however, generally cause a decrease in the local-failure
strength of the panel. (Local failure as used herein ineludes
the phenomenon of twisting, which is in reality only a form
of local failure that occurs when the lateral bending stiffness
of the outstanding stiffener flange is relatively small.)
The optimum panel for a particular application is given by
the compromise of column and local-failure strengths that

gives the highest stress at the given value of 77~ Tiv , .

The value of the average stress at local f:ulule T mar 19
difficult to determine theoretically. Certain tesl data are
available, however, from reference 2 and from additional
tests completed since the publication of reference 2. Those
data that were obtained from the shortest panels of each
cross section are summarized in figure 12, in which Tuas
is plotted against t5/by for various values of tx/tg and be/ls.
The ratio b/t has been inverted in this plot in order that

the additional point Tmer=0 when z—‘:_=0 (?;‘E—_:m) might

be used to aid in fairing curves through the test points.
The plots of figure 12 make possible an interpolation of Tmas
between test points for intermcdiate values of the ratio
bwftw. By plotting values of Gpqr picked from the curves of
figure 12 against ts/bs, values of Tpe, were also determined
for intermediate values of bgfts.

All the data sho ¥n in figure 12 are for a value of bb':,:.=0'4'

Test data for g—’-’ =0.3 and 0.5, however, were also employed
w

a ¢
40 2 e 3 _I"!‘ L_.._
- —bl:z ; -~ ls o 0.5/
= L% ’ 5{J s 63 -
= p o .79
- 305 T2 4 100 —
:tn ; - » -3
jeo—
|b’ 3 {
£ 7
Jof I,/ * NEs
xal ridesstkeeea Ko basbqgaplipely Jl"(lujlll Afrtbst e e patrn s lonqrlasrstrgns
7] 02 (7] o [7 02 g a2 .0¢

%

FIGURE 12.—Average stress at locel faflure for 24S-T aluminum-alioy flat compression
panels with longitudinal Z-section stiffeners. :'—;-04.
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as g guide in fairing the curves, and the curves will be
shown to be reasonably accurate for any value of ds/bw
between 0.3 and 0.5.

Determination of stress for local buckling o,.—If the
panel did not buckle locally before failure, the theoretical
results thus far presented, used in conjunction with values
of Tnez, would be sufficient fo construct a design curve
of oragainst P for any panel

Li+fe ’
that do not buckle before failure is shown in figure 13.
Unless the width-thickness ratios of the various plate ele-
ments of the panel are small or the panel is relatively long,
however, there will generally be some local buckling before
failure. Yhen this buckling takes place, the cross-sectional
moment of inertia of the panel is reduced by the presence of
ineffective areas; the original curve of column strength
therefore no longer applies and the point at which buckling
takes place must be connected with the line for local failure
by means of & reduced curve. A typical curve, adjusted for
the effects of local buckling, is shown in figure 14.

The foregoing discussion shows that it is necessary to
know the stress at which buckling takes place. Data on
buckling stresses from reference 2 plus additional data now

A typical curve for panels

available are therefore plotted in figure 15 for bb—"=0.4. Be-
w

cause the measured value of &/f for the element (skin or
stiffener web) that first showed buckling in a test panel was
never in exact agreement with the specified nominal value,
the observed buckling stresses from reference 2 were cor-
rected for use in figure 15 according to the following formula:

é)’
{ Ger) correctea= (Oer) obsersed gtb,‘;m_amnd
(?) nominal

-Local-fallure strength

~—Column strengfh

P.
Live

Fiaure 13.—~T yplical design curve for panels that do not buckle.

Local-fallure str. \

s i e
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FrocrE 14.~Typical design curve for panels that boekle.
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Fiovre 16.—Illustration of procedure used in preparation of design charts.

where the value of b/ is that for the web of the stiffener or
for the skin between stiffeners, depending on which of these

elements first gave evidence of buckling. This correction .

formula is based on the fact that, other factors being equal,
the eritical stress is inversely proportionsl to the square of
the width-thickness ratio. No account is taken herein of the
fact that this relationship is not entirely true for stresses
beyond the elastic range; it is assumed that neglecting this
fact will have no significant effect because the total correction
is relatively small.

The method used in fairing curves through the test points
in figure 15 is as follows:
~ For the horizontal portions of the curves on the right-hand
side of figure 15, the skin is primarily responsible for the
buckling; the ordinates for the curves in this region are
determined by drawing average lines through the test
points. As the value of iy/by is reduced, however, the
responsibility for the buckling shifts to the stiffeners and
there is a reduction in ¢.,. In the absence of adequate test
data for low values of fw/by, certain theoretical considera-
tions are used for determining the values of o, in this region.

It is possible to describe certain limiting conditions that
determine curves between which the correct curves must lie.
As the value of tw/by approaches zero, with all other dimen-
sion ratios held constant, the skin tends to become infinitely
stiff by comparison with the stiffener and the stiffener ap-
proaches a condition of complete fixity at the edge where it is
attached to the skin. 'This condition of complete fixity repre-
sents the upper limit of buckling stress. The value of &, the
coefficient in the formula for local-buckling stress (reference
4), when applied to,the stiffener web may be taken for this

condition as the geometric mean of the value of k for the
web of & Z-section column with %’;:0.4 (about 3.77, see
reference 4) and the value of k for a flat plate fixed at both
edges (about 6.98, see reference 5). This value of k is
+/3.77X6.98, or 5.13. The upper dashed curve in figure 15

gives o, for k=5.13. The use of the geometric mean of
values of % to obtain the critical stress for a plate with differ-
ent restraints along the two unloaded cdges is discussed and
justified for practical use in reference 5.

When P =b?:, it is a reasonable and probably conservative
agsumption to conmsider the stiffener hinged at the edge
where it is attached to the skin. This hinged condilion
represents the lower limit of buckling stress. The value of
k for the web of the stiffener may be taken for this condition
as the geometric mean of 3.77 for the simple Z-section and
the value for a flat plate hinged at both cdges (4.00, sce
reference 5) or k=+/3.77X4.00=3.88. The lower dashed
curve in figure 15 gives o, for £=3.88. In the preparation
of the two dashed curves, the effect. of reduction in the modu-
lus of elasticity for stresses beyond the clastic range was
determined from results of tests of 24S-T aluminum-alloy
columns of Z-, channel, and H-scction that develop local
instability.

The solid curve on the left-hand side of figure 15 is drawn
in to give a gradual transition from the lower dashed curve

in the region where (;_W=%§ toward the upper dashed curve
w

as iy /by approaches zero. Il)f::-
curves are faired into the horizontal lines drawn through
the test points. A single curve was considered suflicient
for all values of ty/ts for the left-hand portion of figure 15,
because the few test points that were available in this region
indicated that the individual curves would be so close
together as to be almost indistinguishable.

The curves of figure 15, like those of figure 12, were cross-
plotted to give buckling stresses for the intermediate values
of bgfts that appear in figures 2 to 5.

Preparation of final curves.—The procedure used in the
preparation of the final curves of figures 2 to 5 is illustrated
in figure 16. An outline of this procedure is as follows:

In the region where =bf the
3
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FI16ORE 17.—Comparison of test data with design curves for 248-T sluminum-aMloy flat panels with Z-section stifleners. E-'—o.ﬂl.

(1) Draw curve for column strength corresponding to the
value of p/A,for the panel cross seetion. For the curves of
this report, the column curve for 24S-T aluminum alloy
was obtained from equations (5) and (6) and table I, &ll of
reference 6.

(2) Plot the values of stress for local buckling and for
local failure of panel obtained from the cross plots of the
curves in figures 12 and 15.

(3) Plot available test data and fair curves between
buckling stress and local-failure stress. This fairing was
done first for those curves for which test data were available;
the remsaining curves were then faired in a manner consistent
with the curves already established.

In a few cases (low bgfts with high byfty) the test data
indicated that the curves did not follow the smooth transi-
tion between column and local failure indicated by figure 18.
Instead the curves tended to bend over sharply, in some
cases even below the buckling stress given by figure 15, and
to follow very neerly a straight line up to the average stress
for local failure. No explanation is offered for this phenom-

enon; the available test data were used as the sole guide
for fairing the curves in these cases.

Correletion between design curves and test date.—The
test data of reference 2 as well as the additional data made
available since the publication of reference 2 are plotted

Py
Ly
curves taken from figures 2 to 5 are also drawn in these fig-
ures and good agreement between the final design curves and

against the parameter = in figures 17 to 20. Appropriate

be

by
In order to make it possible, if desired, to check the

the test data for ;—=0.4 exists throughout the range of the _

data.

correlation on a larger-scale plot, the test data for %’_=0.3, 0.4,

and 0.5 are given in table 7 in a form suitable for plotting
directly on the design charts (figs. 2 to 5). Table7 and figures17
to 20 also make it possible to determine in which regions
the design charts are substantiated by test date and in which

regions they were obtained by interpolation or extrapolation, _
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Figure 18.—Comparison of test data with desfgn curves for 245-T aluminum-alioy fiat panels with Z-section stiffeners. %’—0.63.

Figures 17 to 20 indicate that there would be little differ-
ence in the curves for.gT‘;=0.3, 0.4, and 0.5 but that the

curves for gf_=0.2 and probably 0.7 would be lower than

those for ?=0.4. The most efficient use of material will
w

therefore be realized if a value of bs/by between 0.3 and 0.5
is used. It is for this range that the design charts are in-
tended to be used, although they are based on the specific

data for Bb'—:=0.4.
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TABLE 4

REPORT NO. 827—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

VALUES AND COMPUTATIONS FOR OBTAINING IDEAL DESIGN

[P;=3.0 kips/In.; c=1]

Btep1 Step 2 Btep 8 Btep 4 Btep &
(iﬁf.) Py
Live 1.4 bs bw L7 A is tw bs bw
kipsfn. is [T tw (ks ia (in.) (n.), (fn.) (In.}
In. .
10 0.30 0.61 27 28 340 1. 427 =0.0618 s 0. 0318 «1.07 «0.82
.83 28 25 35.6 L6802 .0526 .0331 1.47 .83
N 2 24 36.7 1. 860 . 0440 . 0348 128 .83
L.00 2 % 87.4 2.337 .0343 . 0343 1.00 .82
20 .15 L 32 ] 2.7 1,420 0732 . 0378 2.3 L1
.68 a3 al s 304 1.612 e, 0612 -, 0388 «2.02 «1.20
.70 u 20 3L6 1.882 . 0510 0403 L78 117
1,00 13 28 2.2 2.268 0411 411 L44 115
30 10 .51 M 87 250 1,457 L0824 (421 1.8 1.8
.63 35 35 37,1 1. 640 - (0875 0425 «5.36 .1,.49
.70 ar 33 27.8 1.886 . 0572 . 0452 212 1.4¢
L 0o 38 31 23.8 2.278 . 04681 . 0461 .78 143

« Velues Indicating designa that approach requirement of {g==0.084 in.

TABLE 5
VALUES AND COMPUTATIONS FOR OBTAINING PRACTICAL DESIGN BY SHORT METHOD
[P¢-=3.0 KIps/in.; Zm20 In.; cm=1; 50,064 In.; ’-0.70]
Step1 " Step 2 Btep 3 Step4 - Step § Step 6 Step 7
P{ E‘_ b_w ;f &Far
Lve bs bw Gy A¢ s . s tw (s} As P[l i, b bw (ksh)
kipsfin, ) ts tw (ksl) ia (in.) is (kips/in.) (n) (in.) (in)
( in. Por £,=0.064 in.
0.15 30 0 30.9 2,000 0. 0484 43.3 26.1 2.8 1.619 2.08 0.051 271 1.33 3.5
35 30 317 1.862 . 0508
49 23 207 L7l -05%
50 28 7.1 L6314 o2
TABLE 6
VALUES AND COMPUTATIONS FOR QBTAINING DESIGN FOR MAXIMUM STRUCTURAL EFFICIENCY
[P¢-3.0 Kipsfin.; Z=20 In.; e=1; ts=0.004 1n.; ¥ -o.'m]
Step 1 Step 2 Step 3 Step 4 Step 7 Step 8 8tep 9
Py . E R 91 ; Tar
L+e bs bw 7, Ac ts ta tw (sl A P, tw bs bw (sl
(ktgm.) fa ir (ks is (in.) ia (klps/in.) (in) (n.) (in.}
in. For tgm0.004 In.
0.15 €% 25 2.4 1.858 0.0612 2.1 25,0 20.6 1.612 2.99 0.051 2.00 L7 2.6
30 27.1 1716 . 0648
35 2.3 1.613 . 0682
40 2.9 1.536 o2
25 30 2.9 1851 L0849
35 30.2 1738 . 0572
40 2.5 1845 .0618
50 71 1516 <0730
30 38 3L7 1.862 . 0508
40 29.6 1,765 L0578
50 26.9 1604 - 0696
86 245 1508 L0814
40 35 26. 2 2. 112 . 0542
40 25.8 L7 - 0289
50 2.8 LS .09
40 2.6 165 - 0808
50 35 2.2 2,362 L0547
40 2.4 2102 - 0584
5 22.3 1,088 - 0088
60 2.7 1.704 .0812
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