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

By Fvas 1 Senverere

SUMMARY

Design charts are deceloped for 248 T aluminuwn-alloy flat
compression panels with longitudinal = Z-scction stiffeners.
These charts make possible the design of the lightest panels of
this type for a wide range of design requirements. loram ples
of the use of the charts are given and it is pointed out on the
basis of these examples that, over a wide range of design condi-
tions, the maintenance of buckle-free surfaces does not conflict
with the achiecement of high structural efficiency.  The achiere-
ment of the marimum possible structural efliciency with 248-T
aluminum-alloy panels, howerver, requires  closer  stiffener
spacings than those now in common uxe.

INTRODUCTION

In a longitudinally stiffened compression panel, in which
all the material is active in carrving 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 direet measure of the structural efficiency
of the panel.  If tongitudinally stiffened compression panels
are to be designed for high struetural efficiency without
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 stiffencd compression panels in the design of
2>

. - .y
which the transverse stiffness can be neglected ls]/ ;
4y C

where P, is the compressive load per inch of panel width,
L is the pancl length, or distance between supporting ribs,
‘and ¢ is the cocflicient of end fixity at the ribs.  The quantity
P, which is essentially independent of the distribution of
material in the compression panel, ean 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
>
lié: with slightly different notation, to form
VAY
the basis of a theoretical study of the efficiencies of various

parameter -

types of stiffening elements.  In the present paper the same
parameter has been used as g basis for the preparation of
desien charts from extensive test data on 245-T aluminum-
allov flat compression panels with longitudinal  Z-section
stiffeners: the data were obtained from reference 2 and
from additional tests completed sinee 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
)

) ) . I
deseribed and the method for obtaining L '~ as a natural
4y C

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

SYMBOLS AND DEFINITIONS

The symbols used for the prineipal panel eross-sectional
dimensions are indicated in figure 1. In addition, the
following svmbols are used:
¢ eross-sectional avea per inch of panel width, or equiva-

lent thickness of panel. inches
L length of panel, inches
P compressive load per ineh of panel width, kips per inch
£, modulus ol clasticity in compression, ksi .
. coeflicient of end fixity as used in Euler column formuls

¢
IS cocollicient in formula for local-buckling stress
p radius of gvration of panel eross section. inches

nondimensional coeflicient that takes into account re-
duction in effective modulus of clasticity when panel
fails as a column beyvond the elastie range

~

a., critical stress, or stress for loeal buekling, kst
7. average stress at column failure, ksi

Tmaz Average stress at local failure, ksi

7, average stress at failure for any panel, ksi

T— br —I b — '

&

,—f.

K—bA >

FIGURE L.—Symbels 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. Fail-
ure by twisting of the stiffeners is ineluded as a form of local
failure. Because the design charts are based on actual test
data, it is not necessary to make any distinetion between
local and twisting failure. Such a distincetion, moreover,
would be at best an arbitrary one, as the two types of failure
are interrelated in the case of stiffened panels.

1t should be noted that the local-failure stress .y, which
represents the maximum value of average stress that ean 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 buekling o, which does not neces-
sarily imply failure. The term “local buckling” as used
herein ineludes 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 clement.

DESIGN CHARTS

Design charts for 248-T aluminum-alloy flat compression
pancls with longitudinal Z-soction stiffeners are presented in
figures 2 to 5. The procedure used in the preparation of these
charts from test data is described 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 pancls of the type to which the charts apply, envelopes
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 tyfts. The values of by/ts and by /ty
needed in order that a panel will develop the stress indicated
by an envelope are also given in figure 6.

. P; . . .

The design parameter ITT? against which stress is plotted
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 coefli-
cient of end fixity. The most cfficient (lightest) panel for a
given combination of these conditions is that panel which

will develop the highest average stress for the particular
).

alue of o F -

value o Live

Discussion of charts.—The charts include & wide range of

panel proportions. Al the charts have been drawn for a

value of bb"'-—:().‘}; it is shown in the appendix (figs. 17 to 20),
W

by .
however, that curves for bP =0.3 and 0.5 would be in close
w

. be .
agreement with the curves for b" =0.4. Thecurvesof figures
w
2 to 5 may therefore be applied with reasonable accuracy
for any value of bz/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 a proportion in this range is

selected.  (See appendix.)

The short horizontal lines that interseet the cutves of
ficures 2 to 5 indicate, for cach panel cross section having
appreciable local buckling, the stress at which this buckling
oceurs.  In this report this stress is taken as that at which
the compressive strain on one side of the skin or the stiffencr
web begins to be reduced with increasing load.  This defini-
tion of buckling is convenient for structural testing; from the
standpoint of acrodynamic 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.
[n these eases, there will undoubtedly be some buckling but
presumably it will occur at a stress coincident with or only
very slightly below the failure stress.

It is pointed out that for t{z=0.79 and 1.00 (figs. 4 and 5),
A

the curves for values of ?S=25 and 30 have been obtained
S

entirely by extrapolation. These curves should therefore 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 panels and the test results on which
the design charts are based. The details of these tests are
deseribed 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 cocfficient of 3.75 was used in reducing the test
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 vield 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 a flat-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 A178-T
(AN442AD) and were of the sizes and spacings indicated by
the following table:

‘ tw Rivet spacing | Rivet diameter
: 15 ts I ts
R S S
l 0. 51 | 10.0 1.50

A3 12,3 1,84

il 2.3 1.93

100 1.7 1.95

Because the compressive strength of stiffened panels may
be affected by the size and spacing of the rivets used to
attach stiffeners to skin (reference 3), the rivet attachment
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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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
P,

the highest stress for the given value of I/J Because
i LJVe

certain limitations are usually imposed, however, the strue-
ture that represents the best compromise of all 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 tw/is in figures 2 to
¢ arc applied consecutively to a particular skin gage, the
four stiffener gages that result will generally be conscecutive
standard gages. Interpolation between the curves of two
consecutive charts (figs. 2 and 3, 3 and 4, ete.) is therefore
unnecessary for most practical purposes.

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

The distinguishing features of cach method are

783497 —48——2

248-1 alwminum-alloy flat panels with Z-seetion stiffeners, with values of bs/ts and bwitw needed to realize these stresses.

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 by/ts
that appear as dashed lines in figures 2 to 5.

Maximum efficieney:

The method of designing for maximum structural cffi-
cieney gives the lightest panel that can be obtained by use
of standard sheet gages.  The design is obtained through a
complete study of the individual 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.

el
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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
tw/ts included in figure 6 are given for L=10, 20, and 30
inches with £2,=3.0 kips per inch and ¢=1. In the other
two methods, the detailed computations are given only for

. by . . . .
L=20 inches and £=0.79. again with P,=3.0 kips per inch

R

and e¢=1; final results are given, however, for the complete
set of examples considered in the discussion ol the first
method. [t is assumed in all cases that a skin thickness
of 0.064 inch is necessary in order to comply with other
design requirements, A value of bp/by of 0.4 15 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 computing 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:

p

I
1) Compute -
(n pute i
(2) From the curves of figure 6 pick off for each value of
tw/ts the values of by/ts, by tyw, and 7, corresponding to the

)
t

I .
Live

(3) Pick from table 2 the values of 4/t for the ratios

value of

. . be .
determined in step 2. (If b' =0.3 or 0.5 is used, table 1 or
w

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

This formula is based on the equality

P=5,.
(5) Compute
¢
fu‘zi’ ts
by
ngg
by
bw;t‘: tw

This procedure results in four designs for each length,
corresponding to the four values of tw/ts, for the given condi-
tions. (Sce table 4.)  The values marked with footnote a
in table 4 represent those chosen as approaching most
closely the desired condition of t4=0.064 inch; these values
therefore give an indication of the proportions needed in a
practical design to meet the design requirements most
efficiently.

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 fatlure and the buckling stress.  The buckling
stress for cach design was obtained by interpolation from
the short horizontal lines {or buckling in figures 2 to 5. In
some casges 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 obtained.  Whenever this difference
occurred in the present examples, the buckling stress is
shown cqual to the failure stress, '

Short method for obtaining a practical design.—The =hort
method consists of picking the optimum value of by ity and
the corresponding stress for each value of by/tg 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 seleeted from the
various desiens obtained.

The values and computed quantities for L=20 inches and
,—'5'":0.7!) are given in table 5 and are referenced to the steps
L
in the following procedure:

)’_ )

Live
(2) From the curves for a particular value of t./ts (in this

(1) Compute

example, fig. 4 for ’{"-'-:().TS) is used) pick off for each value of
S

bsfts the values of by/ty (by interpolation along the dashed

envelope) and 7, (from the envelope) corresponding to the

>
i

L/\ (',.

(3) Pick from table 2 the values of «1,/t; [or the ratios de-
termined in step 2.

(4) Compute

value of

(5) Plot bty ts. and &, against by/ts for the particnlar
value of ty t.  (The plot for the example being considered
is shown in fig. 10.)  Tabulate the values of bgjts, bty and
7, corresponding to the point where fy equals the specified
value.

(6) Cheek computations by picking from table 2 the value
of Aty corresponding to the ratios tabulated in step 5. If
all computations and plots are correct,

-
P{‘—: Uj?q‘l t_g

(7) Compute

(8) Repeat steps 2 to 7 for other values of /L.
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FLAURE 7.—Desgins of 248~T aluminum-alloy pancls 10 inches long with 2%=3.0 kips per inch, ¢=1, and ts=0.064 inch.
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FloURE 8. Designs of 245-T uluminum-ulloy panels 2 inches 1ong with /%,=3.0 kips per inch, ¢=1, and t#=0.064 inch.
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ALUMINUM-ALLOY COMPRESSION PANELS WITH Z-SE

CTION STIFFENERS
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|
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F1GUuRe 9.—Designs of 243-T aluminum-alloy panels 30 inches long witﬁ P.=3.0kips per inch, c=1, and (s=0.064 inch.
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35 : ) ),
i (1) Compute ° " .
' . L/\C
by 50 i E (2) From the curves for a particular value of £, 4 (in this
o 1 . i tw oy . .
W \ | example, fig. 4 for t" =0.79 is used) pick oft for cach value
| : s
25 S— ‘ of byity and byt the value of 7, corresponding to the value
i
.08 Y
{ L/ O
o7 b 006 //4 | (3) Pick from table 2 the values of .1,/t; corresponding to
tyyin. R the ldll:).\ used in step 2.
o6 i (4) Compute
i P,
i lsm= 1
‘ _ .
! . [
05 = ! Tty
32 ;
| . .
! {(3) Plot te and 7, against by/ts for cach value of by ty and
30 - twlts. Plot the particular value of b/t at the value of by/ts
G, ksi , v < i for which £ equals the speeified value and mark the value
’ Design point, ------1"""" " ; : A m H
26—, o I | of stress at that value of by/ts. The plots of this step for the
s _ g3 tw_> | . . . C g
7‘;—-433» T 261 \ example under consideration are given in figure 11 as the
25 + short lines for the several values of byt indicated.  In order
©to avoid unnecessary confusion, only short portions of the
! by
o4 -~ eurves, exeept the eurve for 2 =220, are show
24 = o - = = = = < pt curve for i 0, are shown.
% : (6) After step 5 has been completed for all the values of
S

FigrrEe 0. Plot for obtaining practical design by short method. P'y=3.0 kips per inch;

Cw
L =20 inchess = 1 fx=0.064 inch:, © 079,
5

Like that for the ideal design, this procedure results, for
cach length considered, in-one design for each value of
twlte. Tt may not always be possible to find satisfactory
designs under the conditions imposed for all values of
twits.  (Note that no designs are given in figs. 8 and 9 for

t?"—':().;’)l D Al the desiens resulting from the use of the short
N

mothod utilize standard sheet gages and meet the require-
ment that £e=0.064 inch. The choice of design now de-
pendsonarrivingat asuitable compromise between high stress
and wide stiffener spacing. 10 the prevention of buckling
under load is considered important, then the buekling stress
must also be taken into account in making a choice.

The designs obtained by carrying out the foregoing
shown as
with bar
buckling

procedure for the several values of L and f,/ts ave
the short-method designs in figures 7 to 9 along
araphs of the average stress at failure and the
stress,

Method of designing for maximum structural efficiency. -
The maximum-cllicieney method consists of computing the
thickness required as by fe s varied for each vatue of by 1y
and seleeting the designs for which the skin gage is equal to
that desired. The procedure results in a series of possible
designs for cach value of £yt from which those designs that
provide the highest average stress at failure can be scelected.

The values and computed quantities for L =20 inches and
l“:'::(l.'i!) are given in table 6 and are referenced to the steps
~

in the following procedure:

bty draw curves of stress and of by-/ty against by/ts through
the points determined in step 5 (heavy curves in fig. 11).

p /

fy i

GE
=5 Design for mavimum |
structural erriciency
b, . .
s gpy Beosp
rﬁ‘ tw

49
o,
ls

60

Frorre 1L Plotfor obtaining design for musximum structuesl etficieney. 2, =3.0kipsperineh;

=0 inches; o= s =0.004 im-h;f" 0.9,
N
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| (7) Each of the curves drawn in step 6 represents a series
of designs. all of which have the required value of s (in this
wse, 0.064 in.). The maximum point on the curve of 5,
indicates the design for maximum structural efficieney for
the particular value of #w/ts. Note this maximum value
of 5, the value of by/ts at whieh it is reached, and the value of
by /tw. which can be picked from the curve of by/tyw against
byfts.

(8) Check computations by picking from table 2 the
mum structural efficieney in step 7. 10 all computations
and plots are correet,

- -1
l)i:(T/ [,\' [,\'

) Compute

by
by = 1, ts
by
bs:f: ls
b 4
bw=t" tw
W

(10) Repeat steps 2 to 9 for other values of twits.

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

The designs obtained by earrying out the foregoing pro-
codure for the several values of L and £ fts are shown as the
maximum-eflicicney designs in figures 7 to 9 along with bar
graphs of the average stress at failure and the buekling 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 s(ress
at failure very close to that obtained by designing on the
busis of maximum structural efficieney s the buekling stress,
however, i in some eases somewhat lower than that for the
maximum-cllicieney panel.

Whether the design obtained by the short method or the
desien for maximum efficiency is selected, the best design for
P2,=:3.0 kips per inch, on the basis of stress, is obtamed at
at L =20 inches with ,,"' :00.63.

. N -
L=10 inches with ¥ =051,
Iy <
. Y T - . \
and at L=30 inches with }“' =0.79. In figure 6, however,
N N
the highest envelope, which aives the lightest design, is that

for I” 100, This apparent contradietion results from: the

N

value of .1, & corresponding to the ratios seleeted for maxi-

COMPRESSION PANELS WITH Z-SECTION STIFFENERS

13

fact that in working out the examples a skin thickness of
0.064 inch was specified. In order to reach the curve {or
t?;:_: 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.  Morcover, the
stiffener spacings for designs having such small skin thick-
nesses are very small.  (See table 4.)  Because of limitations
on skin gages and stiffener spacings, thevefore, 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
7,) obtained at each length by the maximum-efficiency
method does not buekle until failure or very close to failure.
The best panel designed by the short method, although it
may not have quite so high an average stress at failure as
the maximum-eflicicney 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 achicvement of high struetural efficieney. The simul-
tancous achievement of both these ends by use of 245-T
aluminum-nlloy panels, however, apparently requires closer
stiffener spacings than theose now in common use. IFor’
example, the maximume-efficiency designs for Py=3.0 kips
per inch and te=0.064 inch have the following spacings for
the three lengths:

L : b b
. tine.) ' Ix (i
| 1
I n 20 1.7 !
H 20 2.1 Lo i
i a0 | 0.0 ; 256 ;

CONCLUDING REMARKS

Charts are presented for the minimum-weight design
of 245-T aluminum-alloy lat compression panels with
longitudinal  Z-seetion  stilfeners. From examples
on the use of these charts, it is coneluded that, over a wide
ranee of desien conditions, the maintenance of buckle-free
surfaces on  longitudinally  stiffened  compression  panels
does not conflict with the achievement of high structural
efficieney.  The achievement of the maximum possible
struetural officieney with 245-T aluminum-alloy panels,

based

however, requires closer stiffener spacings than those now

in common use.

LancLey Mesonrian Anroxacrican Lanowsrony,
CATIONAL Abvisory COoMMITTEE FOR AERONAUTICS,
Laxcrey Fenp, Vo, July 9, 1935,
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(7) Each of the curves drawn in step 6 represents a series
of designs, all of which have the required value of ¢ (in this
case, 0.064 in.). The maximum point on the curve of o,
indicates the design for maximum structural efficiency for
the particular value of ¢y fs.  Note this maximum value
of 3, the value of by/ty at which it is reached, and the value of
byt which ean be picked from the curve of by /ty against
balts.

(8) Check computations by picking from table 2 the
value of .1,/ts corresponding to the ratios seleeted for maxi-
mum struetural efficiencey in step 7. 1 all computations
and plots are correet,

1),:?,‘11. [,\'
ts

() Compute

by
ly = e fs
b
bs= {\ ts
b
bw”t)“ ty
g

(10) Repeat steps 2 to 9 for other values of £k,

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

The designs obtained by earrving out the foregoing pro-
codure for the several values of L and #y/ts are shown as the
maximum-efficiency designs in figures 7 to 9 along with bar
graphs of the average 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
basts of maximum structural eflicieney ;s the buckling stress.
however, is in some cases somewhat lower than that for the
maximum-cllicieney panel.

Whether the design obtained by the short method or the
desien for maximum efficieney is selected, the best design for
P2,=23.0 kips per inch, on the basis of stress, is obtained at

. R TS _ . I e

L:=10 inches with I” 051, at Lo=20 inches with ;' -0.63,
T . A

and at L=30 inches with /'5— =0.79. In figure 6, however,

~

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

AT - .o
for /" 1.00.  This apparent contradiction results from the

~

13

fact that in working out the examples a skin thickness of
0.064 inch was specified. In order to reach the curve for
fu
s
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.  Morcover. the
stiffener spacings for designs having such small skin thick-
nesses are very small.  (See table 4.)  Because of limitations
on skin gages and stiffencr spacings, therefore, it is fre-
quently not possible to reach the envelope values of stress

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

and henee the lowest possible weight.

Figures 7 to 9 show that the hest panel (that with highest
%) obtained at each length by the maximum-efficiency
method does not buekle until failure or very close to failure.
The best panel desigred by the short method, although it
may not have quite so high an average stress at failure as
the maximume-efliciency 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 buekle-free surfaces does not confliet with
the achievement of high structural eflicieney.  The simul-
tancous achievement of both these ends by use of 245-T
aluminum-alloy panels, however, apparently requires eloser
stiffener spacings than those now in common use. lFor
example, the maximum-elficiency designs for 2=3.0 kips
per inch and £ 0064 inch have the following spacings for
the three lengths:

1 . hs hs ;
(in, Is tin. :
- |
i |
0 250 |
2 121
10 HINI)
CONCLUDING REMARKS

Charts are presented for the minimum-weight  design
of 245 T aluminume-nlloy flat  compression panels with
longitndinal  Z-section  stiffencrs. From  examples  based
on the use of these charts, it s concluded that, over a wide
range of desien conditions, the maintenance of buckle-free
surfaces longitudinally  stiffened panels
does not confliet with the achievement of high structural
efficiency.  The achievement of the maximum  possible
struetural efficiency  with 245 -T aluminum-alloy  panels,
however, requires closer stiffener spacings than those now

on COMpPression

I common use.
Laxcrey Mevorian AsroNavriean Lapogarory,
NaTioxnal Apvisory CoMMITTEE FOR A ERONAUTICS,
Laxarey IFrewn, VAo, Jaly 9, 19045,




CHARTS FOR DESIGN OF 248-T ALUMINUM-ALLOY
as a guide in fairing the curves, and the curves will be
shown to be reasonably accurate for any value of bx/bw
between 0.3 and 0.5.

Determination of stress for local buckling o..—If the
panel did not buekle locally before failure. the theoretical
results thus far presented, used in conjunction with values

of oz, would be sufficient to. construct a design curve
- r; .
of Gragainst L ‘ _for any panel. A typical curve for panels
L\ C

is shown in figure 13.
of the various plate ele-
panel is relatively long,
local buckling before
the cross-sectional

that do not buckle before failure
Unless the width-thickness ratios
ments of the panel are small or the
however, there will generally he some
failure. When this buckling takes place,
moment of inertin of the panel is reduced by the presence of
ineffective arcas; 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 a reduced curve. A typical curve, adjusted for
the effcets 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

available are therefore plotted in figure 15 for I?F =0.4. Be-
|l

Vv
cause the measured value of b/t 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:

) measured

: t
( G'cr) corrected = (Urr) obserced b 2
( t ) nominal

T

.Local-failure strength
. 1 {

A+ Column strength

Py
Ve

¥i6URE 13.—Typical design curve for panels that do not buckle.

COM

PRESSION PANELS WITH Z-SECTION STIFFENERS

15

i
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/
/
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/

II:
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7L “Buckling stress
[

“--Column strength

1 ¥

Py
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Fraune 14.—Typical design curve for panels that buckle.
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buckling of 243-T aluminum-alioy flat panels with Z-section
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Step / Step £ Step 3
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/
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“Fial curve

- Buckling stress

/
T
i

/
7
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/
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where the value of 8/t is that for the web of the stiffener or
for the skin between stilteners, depending on which of these
clements first gave evidence of buckling,  This correction
formula is based on the fact that, other factors being equal,
the eritical stress is inversely proportional 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
bevond the elastic range; it is assumed that negleeting this
fact will have no significant effect beeause the total correction

is relatively small.

The method used in fairing curves through the test points

in figure 15 1s as follows:

IFor the horizontal portions of the curves on the vight-hand
side of figure 15, the skin is primarily vesponsible for the
buckling; the ordinates for the curves in this region are
determined by drawing average lines through the test
points. s the value of £ by is reduced, however, the
responsibility for the buckling shifts to the stiffeners and
there is a reduction in o... In the absence of adequate test
duta for low values of £ by, certain theoretical considera-
tions are used for determining the values of o, in this region.

It is possible to deseribe certain imiting conditions that
determine curves between which the correet curves must lie,
As the value of £y/by approaches zero, with all other dimen-
sion ratios held constant, the skin tends to become mfinitely
<t by comparison with the stitfener 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 it of buekling stress. The value of £, the
coctlicient in the formula for local-bicking stress (reference
4). when applicd to the stiffener web may be taken for this
condition as the geometric mean of the value of & for the
web of a Z-seetion column with ;’l"‘_::().é (about 3.77, see
reference 4) and the value of & for o tlat plate fixed at both
edges (about 6.98, see reference 510 This value of & is
\ ST 698, or A 130 The upper dashed curve in ficure 15

i
LV

Fratre 16, —Hinstration of procedure used in preparation of desizn charts.

|
!
;

curve o fieure 15 gives o for &

gives o, for k=513, The use of the geometric mean of
values of 1 to obtain the eritieal stress fora plate with differ-
ent restraints along the two unloaded edges is discussed and
justified for practical use in reference 5.

When b

tw

assumption to consider the stiffener hinged at the edge
where it is attached to the skin. This hinged condition
represents the lower limit of buckling stress.  The value of
& Tor the web of the stiffenier mav be taken for this condition

be . . .
o itisa reasonable and probably conservative
~

“us the geometric mean of 3.77 for-the simple Z-seetion and

the value for a flat plate hinged at both edges (400, see
reference 5) or b =43.774.00 - 3.8%. The lower dashed
Ve 3880 In the preparation
ol the two dashed eurves, the effeet of reduction in the modu-
Ins of elasticity for stresses bevond the elastie range was
determined frome results of tests of 205 T aluminum-alloy
columns of Z-. channel, and H-seetion that develop loeal
instability. ‘
The solid curve on the left-hand side of ficure 15 is drawn
in to give a gradual transition from the lower dashed curve

; . by by
in the region where p ./'\ toward: the upper dashed curve
i N
. by by
as tythy approaches zero.  In the region where / -/'\ the
W N

eurves are faived into the horizontal lines drawn through
the test points. .\ single curve was constdered sufficient
for all values of £t for the left-hand portion of figure 15,
heeause the few test points that were available in this region
indicated that the nddividual
together as to he almost indistinguishable,

The curves of ficure 15, like those of figure 12, were eross-

curves would be <o elose

plotted to give huekling stresses for the intermediate values
of bo/te 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:
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responding Lo the
Ffor the curves of
T aluminum alloy
y and table 1, all of

(1) Draw curve for column strength cor
value of p.1; lor the panel cross seetion.,
this report, the column curve for 245
was obtained from equations (5) and (6
reference .

1) Plot the values of stress for
local failure of panel obtained from
curves in figures 12 and 15.

:3) Plot available test
huekling stress and loeal-failure stress.
done first for those curves for which test data wet
then faired ina manner consistent

loeal buekling and for
the cross plots of the
data and Tair curves hetween
This fairing was
o available:
the rematning eurves were
.\ll(‘(‘.

high byity) the test data
he smooth transi-

with the corves already e~tabli

In a few cases dow befs with
indieated that the curves Jdid not follow t
tion between column and loeal faiture indicated by figure L6,
Instend the enrves tended to bend over sharply. in some
cases oven below the buekling stress viven by figure 15 and
to follow very nearly a straight line up to the average stress

for foeal failure. No explanation is oltered for this phenom-

enon: the available test data were used as th
[or fairing the curves in these cases,
Correlation betwee

test data of reference 2 as we

available sincee the publication of reference 2
bl
against the parameter T in figures 17 Lo 20
) l‘,’ VO
\
| curves taken from figures 2 to 5 are also drawn
i ures und good acreement between the final desig
i
| - by .
© the test data for b 0.4 exists throughout the
1

data. Inorder to make it possible, if desired.

correlation on a larger-seale plot, the test data lor
and 0.5 are given in table 7 in a
direetly on the design charts (figs. 2 to5).
to 20 alko make it possible
the design charts are substantiated by test data
regions they were obtained by interpolation ore

n design curves and test data.
il as the additional data made

17

¢ sole gmide
—The

are plotted
Appropriate

in these fig-
hoeurves and
range of the
to cheek the

by 0o O
by o

[orm snitable for plotting
Table 7 and figures 17
to determine in which regions

and in which
<trapolation.
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F1GURE 18.~ Comparivon of test data with design curves for 245-T aluminum-alloy flat panels with Z-section stiffeners. ’—': =(.63.

Figures 17 to 20 indicate that there would be little differ-
. b
ence in the curves for bv5=0.3, 0.4, and 0.5 but that the
W
by -
curves for biz().Q and probably 0.7 would be lower than
w
. b \ . . . .
those for —bt =0.4. The most efficient use of material will
W
therefore be realized if a value of bu/by between 0.3 and 0.5
i« used. It is for this range that the design charts are in-
tended to be used, although they are based on the specific

- be
data for; F =04,
bu’
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VALUES AND COMPUTATIONS FOR OBTAINING PRACTICAL DESIGN BY

TABLIS 5

[l'.:&')kips ing L=20in;

Step b

hs fy
G

iy

SHORT METHOD

. |
Step t l Step 2 1 Step 3 l Step 4 Step 5 | Step 6 Step 7 ;
‘“"— i ; T i
I | 1; hg i hu : C i | ‘ } aer :
Ve I hs e 3, : A, ! Is ta : iw {ksi) } oLy ; I fw ! ha bw (ks |
kipsfin,\ | s tw (ksi) s i @in) e e e -~ fs (kips/in) (in.) L
inf—) [ | For t,=0.061 in, £ . i ; i
— T e ; e i e e
0.15 30 30 30,4 2 06 [Nk AN 36 S SR TN | UK LG9 b 208 0.051 277 Lm us |
. 35 30 T 62 0S8 ! | ! ; ! ; H
40 2 o5 i | | |
50 2% 072 | | |
i ; | . | | !
TABLIE 6
VALUES AND COMPUTATIONS FOR OBTAINING DESIGN TOR MANIMUM STRUCTURAL EFFICIENCY
[p,::x,n Kipsin: L=2000 ¢=1: fs=0.061 in.: ’7'—:‘—0,79]
e ‘ e e . ,
i Step 1 Step 2 Step 3 Step 4 ! Step 7 NStep 8 Step 9 H
P he : 7,
i A \"; hs bw 7/ A fs ! Is : tw ks Ar r, tw ha hw I (ksi) '
kix-s'/in.) s tw (ksi) is (in) . 15 (Kipy/in.g tin.) (in.) (in.) | i
in.
I SN D e o e e e e iy e e
05 Co20 25 1.858 0.0612 12.1 25.0 29.0 1612 2,99 0.060 0 260 127 s |
I 30 1715 L0646 :
a5 1.613 SN2 i
40 1. 536 L0702 !
i i |
;25 a0 LSGL | .0549 .
i 35 L7388 | 0872
! 10 L6455 | LOBI8 !
i 50 LAl6 | L0730 !
I 35 Lsie | Losm
40 1.755 | L0578
50 LEOS 1 onge !
0 i 1503 IS TS :
; ; ; i
40 34 | o2n2 0 ose2 i |
40 IR 7 S ' I !
0 1778 0709 "
"0 1Y o805 X !
i 50 15 236 0547 ? i
10 ! LUANY : i X
. 500 LO6NR | : i |
i 60| 0812 0 i | |
! i ‘ { i i i




| CHARTS FOR DESIGN OF 248-T ALUMINUM-ALLOY COMPRESSION PANELS WITH Z-SECTION STIFFENERS 27

TABLE 7

TEST DATA ON WHICH DESIGN CHARTS ARE BASED FOR 24S-T ALUMINUM-ALLOY FLAT PANELS WITH
LONGITUDINAL Z-SECTION STIFFENERS
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TABLE 7—Concluded

'

TEST DATA ON WHICH DESIGN CHARTS ARE BASED FOR 24S-T ALUMINUM-ALLOY FLAT PANELS WITH
LONGITUDINAL Z-SECTION STIFFENERS—Concluded
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Lmear
-“{comp:
3 nent’a
A axis)

Dxameter ’ :
rd é“ .Geotnetric pi h

" p/D _ Pitch ratio -

"V’ - Inflow veloci%y :
Shpstream veloclty

T
Q-

1 hp="76.04 kg-m/s =550 ‘ft-lb/eeé'

1 metric horsepower=0. 9863 hp
1 mph=0.4470 mps ol
1 mps—2 2369 mph .

Angle of set'of control surface (xelatlve, to neytral’,
',posltlon), (Indtcate surfa,ce by proper subscnpt ;

‘Eﬁclency -
Revolutions’ per second rps s
'Egectxve hehxk“engle 3 s.n"(2 wm)
NUMERICAL BELAT!ONS
’ 1 lb—-~0 4536 kg

T kg=2.2046 b :
1m1—160935m 5,280 ft




