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TECUICAL NOTE NO. 1778

DIn&c-EAD3RG DUI(L CNMW FOR 24S-T AI1Ma3W*-LW

FIAT CcHRESSION PAMES HAVING IANGTODIIAL

FORMD Z7BEC TION

By Norris F. Dow and Albert S. Kevil, Jr.

Direct-".ading desiep charts are prespnted for 248-T aluunium-elloy
flat compression panels having longitudinal formed Z-eection stiffeners.
These charts make possible the direct determination of the stress and
all the panel proportions required to carry a given Intensity of loading
with a given skin thickness and effective length of panel.

INTBIEJTI(N

Design charts for winqc cnpression panels have been presented in
several different form. (See references 1 and 2.) In reference 3, a
form was developed which permitted the direct selection of proportions
for given values of the principal design conditions - intensity of
loading, skin thickness, and effective length of panel. This form also
made possible the ready determination of the proportions having mniIm
weight to meet these conditions. The charts presented in reference 3
covered 75S-] aliminmm-alloy flat ccmpression panels having longitudinal
straight-web Y-eection stiffeners. Similar charts for 248-4 aluminum-
alloy panels with extruded, straight-web Y-section stiffeners are
presented in reference 14, and direct-.'eading design charts for 248-T
aloinum-alloy panels with formed Z-eeotion stiffeners are presented
herein.

SWMBOIS

The symbols used for the panel dimensions are given in figure 1.
In addition, the following symbols are used:
c coefficient of end fixity as used in Euler colin formua

d rivet diameter, inches

L lenath of panel, inches



0G

2 NACA TN No. 1778

p rivet pitch, inches

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

t cross-sectional area per inch of panel width, expressed as an
equivalent or average thickness, inches

p radius of gyrat ion, inches

average stress at failing load, kslaf

0cr stress for local buckling of sheet, ksi

lacy compressive yield stress, ksi

DIRECT-MD03G DEISM CHARM

Direct-reading design charts for 248-T aluminu-alloy flat compression
panels with longitudinal formed Z-eection stiffeners having the properties
and proportions given in tables 1 to 5 are presented in two forms in
figures 2 to 9. In the first form (figs. 2 to 5), the design conditions
of intensity of loading, effective length of panel, and skin thickness

are incorporated in the ordinate Pi/ts and the abscissa L. This

form, having the design conditions incorporated In the ordinate and
abscissa, is the more useful for most design purposes because the curves
are more widely spaced and interpolation is more straightforward. In
the second (alternate) form (figs. 6 to 9), the average stress at
failure af is plotted eainst Pi/tS as was done in the sinnary plots
of reference 5. This alternate form, having the stress - an inverse
measure of weight for a given load - as ordinate, is the more useful
for making generalizations and ccmprisons of structural efficiency
because it shows how nearly the stress actually carried approaches the
upper limit corresponding to the stress that would be achieved by a pure
shell construction if a pure shell could carry the load without failure.
This upper limit of stress is represented by the lines for -= !its

(Infinite stiffener spacing) in figures 6 to 9.

Values of the ratios of stiffener thickness to skin thickness tW/ts,

spacing of rivet lines to skin thickness S/t s  (because there is one
rivet line associated with each Z-aection, the stiffener spacing bs  is

equal to S, the spacing of rivet lines), and height of stiffener to
stiffener thickness H/t, which will satisfy the design conditions, my
be found directly from these charts, and the corresponding section
properties f/t s , h/t s , and p/t s my be found from tables 2 to 5. In
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the first form of design chart (figs. 2 to 5) dashed lines are used to
indicate values of average stress at failure if; whereas, on the alternate

form of design chart (figs. 6 to 9) dashed lines are used to indicate
P1

values of -- In both forms the value of df corresponding to the

point at which each curve is cut by a short heavy line is the value of
the stress for local buckling ycr for the proportions represented by the

curves. For example, the value of cr for - = 21 and - = 35 in

figure 2 is approxtmately 29 ksi. 0Oly a short panel of these proportions

would buckle before failure - one having a value of -L.> 0.27 if
27.ri

the value of acr is so low that the short heavy line would fall outside
the boundaries of the chart, a numerical value of 0 cr is given and is
associated with the proper proportions by a leader to the curve. The panel
proportions which have minimum weight are indicated on both forms of
these charts by the use of colors as follows:

(1) If the proportions correspond to a blue region, they are the
proportions which give the lightest possible 24S-T Z-etiffened panel
which will meet the design conditions

(2) If the proportions correspond to a red region, they are the
lightest possible at the ratio of stiffener thickness to skin thickness
given by that particular chart, but some other thickness ratio would
give a lighter design

(3) If the proportions correspond to a white region, the proportions
meet the design conditions, but they are not the lightest which will
meet the conditions

Because in many cases the proportions may be varied somewhat from
those indicated by the red and blue regions with little change in the
value of the stress that can be carried, too much importance should not
be attached to the exact proportions indicated by the colors to have
mininum weight. In any particular case for which a deviation from the
minimum-weight proportions is made, however, caution dictates that the
weight penalty associated with this deviation be determined.

The direct-reading design charts presented herein were developed in 0l
the manner described in reference 3 from the test data and resulting
curves given in reference 2.

IIf

Mit 3.ia

lo
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USE OF 2EE DMw-ADMN DBI~ CHARTS

The mnner of using the direct-reading desilg charts depends in
some measure on the desired degree of precision of Interpolation amon
the curves. For many purposes, interpolation by inspection is of adequate
accuracy, and the use of the charts requires only the calculation of the

values of the design parameters Pi/ts and -' to Dermit the desired

proportions to be read directly from the curves. The proportions for
minimum veight, moreover, my be found directly as those corresponding
to the blue region on the curves.

If more accurate interpolation is desired, a plot can readily be
made of i/tv, si 9 ad cr AS'n S/t S  at the given P S

and - and the proportions can be picked from it. (This plot is
L//1-

similar to that which results from the use of the minim---veight desiig
procedure with the previously available desiln charts as illustrated in
reference 2.) On a plot of this type, the proportions for uinim

weight correspond to those associated with the hihest value of 'f.

As a check on the accuracy of interpolation, the cross-sectional
area per inch of vidth of the desilg my be determned fro the
values of t/t s given in tables 2 to 5 and the value of the Intensity

of loading PI that can be carried on this cross-sectional area per Inch
at the value of Uf given by the charts my then be canpared with the

design value of Pi.

f~ EAWMUL

In order to illustrate the use of the direct reading desin charts
and the simplicity of the couputations associated with them, a panel
will be desipned for minimiu weight to meet the same principal design
cmnditions used to illustrate the desila procedures in reference 2,
namely:

(1) Intensity of loading P1 - 3.0 kips per inch

(2) Skin thickness t s - 0.064 inch

(3) Iffeotive l60g0h L/to - 20 inches
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P1

First the values of PI/tS and7 are calculated
L

PL 3.0
o.o3e

- 46.9 kst

P1 3.0

- 0.15 kel

Then a trial value of tW/t Is asumed. (for the ezample r 0.79ts
will be used). 3h the chart for this value of tW/ts (fig. 4) the points

corresponding to the design values of Pt/ts and 21 lie on the red

*line at M-26 (or m 25). Accordingly,, the value Of RAWv for

tw (ort ;
ulnium igbt for L5 0.79 is 26, and because the value is establishedts
by a red line, not a blue line, se value of tW/tS other than 0.79 vill

give les weight. Imspection of the charts for other values of tr/tS
reveals that at the given design values of P/t 8  and -h the blue

region lies between - 26 and 31 on the chart for 0.63.

By Interpolaticn, the panel proportice cornespdAing to this blue region

are found to be R Z 29.5 ( 28. and - " %
E; 5) ts ts

and for these proportions i i s 30.5 ke and corm 30.5 ksi, t which are
the values for Winlm weight. Mm actual panel dimension can be
calculated frx= these proptions as

tw

- 0.63(0.064)

- o.oko3 Inch
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Ht

- 29.5 (o.o o)

= 1.18 inches

-35(0.064)

- 2.24 inches

and the section properties can be determined from table 3 as

ts

.3.92(o.o64)

= 0.251 inch

t

- 6.02(o.064)

0.385 inch

In order to illustrate the use of the direct-eading design charts
when more accuracy than that corresponding to interpolation by inspection
is desired, a plot has been made (fig. 10) of the values of G-f, cr

Pj
and H/tW given by the charts at the desige values of Pi/ts an L/---

The proportions which give the highest value of a can be readily
selected from a plot of this kind. (For the exanple these proportions
arc so nearly the same as were obtained by inspection that the values
will not be repe.ated.)
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As a check ca the accuracy of interpolation, the magnitude of t/t S

for these proportions can be determined from table 3 and multiplied by
the values of t S and f for the desiga. This product should be equa

to the design value of Pi. For the example

Uf- 30.; 1si

t - 1.538
t 8

and

ts

- 3o.l.538)(o.o64)

- 3.0 kips perinch

which agrees vith the design value of P originally assumed.

lanley Aeronautical Laboratory
National Advisory Committee for Aeronautics

Iangley Field, Va., AugLt 2, 19W
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