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NATIONAL ADVISCORY COMMITTEE FOR AFRONAUTICS

TECHNICAL NOTE NO. 1778

DIRECT-READING DESIGN CHARTS FOR 24S-T ATUMINUM-ALLOY
FLAT COMPRESSION PANELS HAVING LONGITUDINAL
FORMED Z—SECTION STIFFENERS

By Norris F. Dow and Albert S. Keevil, Jr.
SUMMARY

Direct—reading design charts are presented for 24S-T aluminum-elloy
flat compression panels having longitudinal formed Z—section 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.

INTRODUCTION

Design charts for wing compression panels have been presented in
several different forms. (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 minimm
welght to meet these caonditions. The charts presented in reference 3
covered T5S-T aluminum—-alloy flat compression panels having longitudinal
straight-web Y—section stiffeners. Similar charts for 245-T aluminum— ;
alloy panels with extruded, straight—web Y-section stiffeners are !
presented in reference 4, and direct—reading design charts for 24S-T
aluminum-elloy panels with formed Z-section stiffeners are presented
herein.

SYMBOLS

The symbols used for the panel dimensions are given in figure 1.
In addition, the following symbols are used:

c coefficlient of end fixlty as used in Buler columm formula
d rivet diameter, inches

L length of panel, inches |
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P rivet pitch, inches
Py 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 gyration, inches

Op average stress at failing load, ksi

Oop stress for local buckling of sheet, ksi
Oey compressive yield stress, ksi

DIRECT-READING DESIGN CHARTS

Direct—reading design charts for 24S—T aluminum-elloy flat compression
panels with longitudinal formed Z—section 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 F1 e Thile

(¢}
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. Im
the second (alternate) form (figs. 6 to 9), the average stress at
faillure Ef is plotted against Pi/ts as was done in the summary plots

of reference 5. This alternate form, having the stress — an inverse
measure of welght for a given load — as ordinate, is the more useful
for making generalizations and comparisong of structural efficiency
because 1t 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.

r 15
This upper limit of stress is represented by the lines for op = El
S
(1nfinite stiffener spacing) in figures 6 to 9.

Values of the ratios of stiffener thickmess to skin thickmess tw/ts,

gpacing of rivet lines to skin thickness S/ts (because there is one
rivet line associated with each Z—section, the stiffener spacing bg 1is

equal to S, the gpacing of rivet lines), and height of stiffener to
stiffener thickness H/tw, which will satisfy the design conditions, may
be found directly from these charts, and the corresponding section
properties t/tg, h/tg, and p/tg may be found from tables 2 to 5. In




NACA TN No. 1778 3

the first form of design chart (figs. 2 to 5) dashed lines are used to
indicate values of average stress at failure Bf; whereas, on the alternate

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

P.
values of l_. In both forms the value of Ef corresponding to ths
L//c
point at which each curve is cut by a short heavy line is the value of
the stress for local buckling 0., for the proportions represented by the

H
curves. For example, the value of 0., for o 2L and fi = 35 in

W S
figure 2 is approximately 29 ksi. <bnly a short panel of these proportions

P
would buckle before failure — one having a value of —/17=> 0.27.) ibi
L//c

the valus of Oop is so low that the short heavy line would fall outside

thg boundaries of the chart, a numerical value of 0g, is given and is

assoclated 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-stiffened 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 thicknmess ratio would
give a lighter design

(3) If the proportions correspond to a white region, the proportions
meet the d681gn 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
minimum 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
the manner described in reference 3 from the test data and resulting
curves given in reference 2.
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USE OF THE DIRECT-READING DESIGN CHARTS

The manner of using the direct—reading design charts depends in
gsome measure on the desired degree of precision of interpolation among
the curves. TFor many purposes, interpolation by inspection is of adequate
accuracy, and the use of the charts requires only the calculation of the

Py
L//c
proportions to be read directly from the curves. The proportions for

minimum weight, moreover, may be found directly as those corresponding
to the blue region on the curves.

values of the design parameters Pi/ts and to permit the desired

If more accurate interpolation is desired, a plot can readily be
made of H/ty, Gp, and 0y, against S/tg at the given values of P;/bg
1z

L//c
similar to that which results from the use of the minimum—weight design
procedure with the previously avallable design charts as illustrated in
reference 2.) On a plot of this type, the proportions for minimum
welight correspond to those associated with the highest value of Tp.

and

and the proportions can be picked from it. (This plot is

As a check on the accuracy of Interpolation, the cross—sectional
area per inch of width of the design may be determined from the
values of t/ts glven In tables 2 to 5 and the value of the intensity

of loading P; that can be carried on this cross—sectional area per inch
at the value of Ef glven by the charts may then be compared with the
design value of Pj.

TLIUSTRATIVE EXAMPLE

In order to illustrate the use of the direct reading design charts
end the simplicity of the computations associated with them, a panel
will be designed for minimum weight to meet the same principal design
conditions used to illustrate the design procedures in reference 2,
namely:

(1) Intensity of loading P, = 3.0 kips per inch
(2) Skin thickness tg = 0.06k4 inch

(3) Effective length L//c = 20 inches
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B

First the values of P;/tg and £7%: are calculated
(]
Py 3.0
tg  0.06L4
= 46.9 ksi
L /1030
L/jc 20/1
= (05115 lidziil

Then a trial value of ty/tg 1s assumed <%or the example Eﬂ = 0.T9
S

will be used). In the chart for this value of ty/tg (fig. 4) the points
P-

corresponding to the design values of Pi/ts and L/;’ lie on the red
e
line at == 26 (or i = 25). Accordingly, the value of H/t; for
tw 'bw 2

minimum weight for ;K = 0.79 1is 26, and because the value is established
S

by a red line, not a blue line, some value of tw/ts other than 0.79 will

give less weight. Inspection of the charts for other val%es of tw/ts
reveals that at the given design values of Pi/ts end —i— the blue

L/Ve
$ H H tw
region lies between — = 26 and — = 31 on the chart for —-* = 0.63.
By interpolation, the panel proportions corresponding to this blue region
b
are found to be ji-z 29.5 Ey-z 28.5 and 2 = —§»x 59

and for these proportions or & 30.5 ksi and Oop & 30.5 ksi, which are

the values for minimum weight. The actual panel dimensions can be
calculated from these proportions as

Ty

b T is TS

0.63(0.064)

0.0403 inch
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B
ty

= 29.5 (0.040)

= 1.18 inches

S
S = Eg tg

= 35(0.064)

= 2.24 inches

and the section properties can be determined from table 3 as

=1
il

h
S
Bz D

3.92(0.064)

0.251 inch

6.02(0.064 )

0.385 inch

In order to illustrate the use of the direct—reading 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 Bf, Ocrs
and H/ty given by the charts at the design values of P;/tg and 57%:-

e
The proportions which give the highest value of dp can be readily
selected from a plot of this kind. (For the example these proportions
are so nearly the same as were obtained by inspection that the values
will not be repeazted.)
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As a check on the accuracy of interpolation, the magnitude of E/tS

for these proportions can be determined from table 3 and multiplied by
the values of t5 and 6} for the design. This product should be equa

to the design value of P;. For the example

gp = 30.5 ket
S
and
B = 6}%
&b
= Op ;g‘ts
= 30.5(1.538) (0,064 )

= 3.0 kips per inch
which agrees with the design value of Pi originally assumed.
Langley Aeronautical Laboratory

National Advisory Committee for Aeronautics
Lengley Field, Va., August 2, 1948
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TABLE 1.— MATERTAL PROPERTIES OF 24S—T

ATUMINUM-ALLOY PANELS HAVING FORMED

Z—SECTION STTFFENERS

Oc
Aluminum alloy 7
(kei)
Sheet 24S-T bare 4y 0
Stiffeners 24S-T bare sheet 4.0
before forming

~_NACA
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by by by T, o a » ]
— PROPERTIES |— = 0.51; —= = 11.4; — = 0.4; == = 3; =£ = §; — = 1.50; = = 10.0
TABLE 2.— Z-PANEL { 51; Wy 5 et 45 3; ts 503 tg

g t
20 21 22 23 2l 25 26 27 28 29 30 31 32
1.37L | 1.%89 | 1.403 | 1.118 [1.h32 | 1447 [ 1.h62 | 1.L76 [1.91 [1.505 [1.520 [ 1.535 [ 1.5L
1.260 1.37E 1.388 | 1502 | 22536 | 1.430 | 1.0l | 12458 | 1.472 1.386 1.500 1.513 1.523
1.246 | 1.360 1.525 1,287 | 1.400 | 2.41h |1.h27 [1.402 | 2.45h | 1.468 [1.431 | 1.495 | 1.508
1.23l | 1.347 | 1.360 | 1.373 | 1.386 1.339 1112 | 1.425 | 1.1:28 [1.451 | 1.46l 1.uz7 1.4g0
1.223 11.325 [ 1.348 | 1.260 |1.37%]1.385 1,298 11,120 ] 1.h2% 11.43%6 1.hhé 1.461 }11.47%
T. 210 [1.520, [1.5%6 | 1.243 | 1.360 | 1.573 | 1305 | 1.397 | 1.409 [1.L21 [ 1.433 [ 1.LLS [1.05T
1.302 1.31; 1.325 | 1.337 | 1.349 | 1.360 1.322 1.33& 1.396 [1.407 | 1.419 [1.431 | 1.L443
1.292 | 1.20l | 1.315 | 1.326 1.238 | 1.3,9 |1.361 | 1.372 | 1.382 1.5%5 1.406 | 1.418 | 1.429
1.283 1.23% 1.306 | 1.317 | 1.328 | 1.229 [1.350 | 1.261 [ 1.372 | 1.383 1.5gh 1.405 | 1.416
1o 275 160 1.297 | 1.307 | 1.318 | 1.329 |1.339 (1,350 [1.361 |1.372 [1.382 | 1.393 1.40%
1.267 [1.278 | 1.203 | 1.298 | 1.309 | 1.319 [1.330 | 1.340 [1.350 [1.361 [1.371 [ 1.382 1.33
1.260 [1.270]1.230[1.290 [ 1.200 | 1.%10 |1.321 [1.331 [ 1.341 |1.351 | 1.361 |1.371 [1.381

zl| 1.253 |1.263]1.272 [ 1.282 | 1.292 | 1.302 [2.312 | 1.322 | 1.332 [ 1.341 | 1.351 | 1,361 1.321
=1 1.206 | 1.256 | 1.265 1.223 1.285|1.294 |1.304 |'1.313 | 1.323 [1.322 | 1.342 | 1.352 | 1.361
8l j,2401.269]31.259 | 1.268 |1.277 | 1.287 |1.296 | 1.305 [1.315 |1.32) | 1.333 |1.3 1.352
T.22 | 1.20L% | 1.252 | 1.261 | 1.270 | 1.279 | 1.288 | 1.298 [ 1.307 [1.516 | 1.325 [ 1.33 03
1.22% | 1.221 | 1.200 | 1.249 1.222 1.266 1.275 [1.283 [1.292 | 1.301 | 1.309 |1.318 [1.32
1.213 | 1,221 | 1.229 | 1.237 | 1.2 1.254 [1.262 |1.271 [ 1.279 | 1.287 | 1.295 | 1.304 | 1.31
1.203 | 1.211 | 3.229 | 1.227 | 1.235| 1.205 | 1.250 1.2rg 1.262 1.225 1.283 | 1.290 [ 1.298
1,105 1,202 1.210]1.218 |1.225 | 1.23%2 |1,2/,0 1.2ﬁ 1.256 [1.26%2 |1.271 [1.279 | 1.286
1.197 | 1.19L [ 1.202 | 1.209 | 1.216 [ .22l [1.231 [1.238 | 1.245 [ 1.255 | 1.260 [ 1.267 | L.2
1.180 | 1.187 | 1.194 | 1.201 [1.208 | 1.215 | 1.222 | 1.229 | 1.236 1.ahﬁ 1.250 1.225 1.26l
1.173 |1.180 | 1.187 1.193 | 1.200 | 1,207 [1.214 |1.220 | 1.227 (1.230 1.201 1.2 Y52
1.167 |1 121 1.180 137 [1.19% | 1.200 |1.206 |1.213 | 1.219 |1.226 | 1.232 [1.239 |1.
Y 1615150 é 1.27, [1.130 |1.18%6 | 1.193 [1.199 |1.205 |1.212 |1,218 [1.22) [1.231 |1.237
T.156 [1.162 | 1.168 [1.170 | 1.180 | 1.186 [1.192 [1.190 | 1.20L |1.211 |1.217 | 1.223 [1.229
1.1k 12,150 1.1? 1,161 | 32660 1.172 1.1Zs 1,183 [1.189 [1.194 [1.200 |1.206 |1.211
1.13L |1.12%9 | 1.00 [1.249 (1,154 | 1.160 IJP 1:170 IJP 1.180 |1.186 |1.191 |1.196
1,125 [1.1%0 | 1.13L (1.139 [1.140 [2.3he [1.150 [1.259 [1.160 [1.163 |1.173 |1.178 [1.183
1.902 [2.068 [ 2.199 [2.353 [ 2.L73 | 2,614 [2.759 | 2.920 [ 3.062 [3.220 [ 2.379 [3.5041 [3.708
1.901 | 2.02L | 2.151 [2.283 | 2.118 [ 2.557 [2.700 [2.8L6 [2.995 | 3.149 | 3.305 3.ﬁ%u 3,627
1.863 | 1.983 [ 2.108 | 2.235 [2.268 | 2.503 |2.643 |2.766 | 2.933 [ 3.082 | 3.236 | 3.395 | 3.551
1.826 [1.94] | 2.06 2.190 |2.320 | 2.0,52 | 2.589 | 2.729 2.872 | 2.019 | 3.169 | 3.322 | 3.78
1.791 1.90@ 2.0 2.148 | 2.273 | 2.0l [2.537 [2.675 [ 2.81L |2.957 | 3.105 [2.25L |3.408
1.758 [ 1.871 | 1.987 2.105 2.2%1 | 2.356 | 2.L87 | 2.622 | 2.759 2.300 3.0L5 | 5.192 | 3.23L2 :
e 25 1.828 | 1,951 | 2.06 2.188 | 2.3 [2.u42 |2.573 2.20 2.8L6 | 2.987 | 3.130 | 3.277
1.698 [1.805 | 1.916 [2.022 | 2.149 | 2.272 | 2.296 | 2.525 | 2.658 [ 2.792 [ 2.931 | 3.071 | 3.21
1.670 | 1.775 | 1.883 | 1.995 |2.111 | 2.231 |2.35 [2.480 [ 2.6 2.Z 2(2.878 | 3.017 | 3.15
1.642 [1.745 [1.346 [1.962 | 2.076 | 2.192 | 2.31L |2.137 | 2.56l |2.693 [2.828 | 2.96L |3.102
oL 1'Z17 1.822 [1.031 | 2.041 | 2.157 | 2.274 | 2.396 2.E 2.6L8 [2.780 2.31 3,050
1.592 [1.691 [1.793 | 1.899 |2.009 | 2.122 |2.236 |2.356 | 2.L73 | 2.60L 2.253 2.86l | 2.999
a| 1.568 [1.665 |1.766 |1.870 [1.977 | 2.088 |2.201 [2.318 | 2.438 |2.563 | 2.689 [2.817 [2.949
Tg| 1.5L6 1.6&3 1.740 [1.842 [1.946 2.02; 2.166 | 2.282 | 2.1,05 2.222 2.6&2 2.771 | 2.902
1.516 [1.618 | 1.71l {1.81h [1.918 | 2.02] |2.1 2.247 | 2.362 | 2.[,82 | 2.60L [2.728 | 2.856
1.?0 1.595 | 1.690 | 1.788 | 1.890 | 1.995 | 2.1 2.213 | 2.527 | 2.LLL 2.Eeu 2.687 | 2.812
1.L6§ 1.55% | 1.6 1.Z5q 1.838 1.35 2.0%2 2.150 | 2.260 | 2.373 | 2.[,90 [ 2.608 | 2.729
1.1:28 [1.513 | 1.602 |1.69], [1.788 | 1.886 [1.987 |2.090 [ 2.197 | 2.307 [ 2.420 z.zau 2.652
1.395 |1.178 [ 1.563 | 1.651 |1.7L3 [ 1.828 1.333 2.0%5 2.183 2.2!3 2.253 | 2,167 | 2.581
1,262 [1.00), | 1.526 [1.611 |1.701 [1.792 |1.888 [1.985 | 2.0 2.1§ 2.29% | 2.1,00 [2.512
T1.%%65 [1.512 | 1.L01 | 1.575 | 1.661 | 1.749 [1.842 [1.937 2.02% 2.1% 2.235 2.3 2 | 2.450
1.307 |1.282 | 1.h60 [1.5L1 |1.62) 1.210 1.800 [1.891 | 1.9 2.065 2.183 [ 2,285 | 2.390
1.282 1.353 1.430 1°P09 1.590 [1.673 [1.760 [1.350 | 1.942 | 2.0%36 | 2.132 [ 2.231 | 2.335
1.258 |1.228 [1.402 | 1.477 | 1.557 | 1.639 1.223 1.809 1.893 1.930 2.086 | 2.182 | 2.28}
1,236 11.303 [1.275 [1.450 [1.527 [1.605 [1.688 |1.772 |1.858 |1.948 | 2.041 |2.13L |2.231
.20 [T.281 [1.550 | 1.L23 | 1.L97 [ 1.57 1.653 1.237 1.822 1.308 1.998 [2.090 2.152‘
1.16@ 1.228 |1.29) [1.2361 [1.432 |1.50 |1.578 |1. gz 1.256 1.819 |1.902 |1.990 2'05h
1,12 [1.28% | 1.2 [1.308 [1.374 | 1.042 |1. 1ﬁ ns 1.661 1.21 1.817 1.300 1.9
1.087 [1.142 [1.201 [1.261 [1.%327 |1.388 |1.05h [1.523 |1.59L 1. 1,744 [1.821 [1.900
Z.59% [3.812 | .030 |Li.249 [L.L70 [L.690 [14.913 [5.135 [5.357 [5.582
3.557 | 3.773 | 3.990 | L;.208 u.uzz L.647 | L.868 | 5.089 [5.311 5;335
5.522 | 5.757 | 3.952 |L.169 |L.386 |L.605 |L.82l | 5.045 | 5.267 |5.L87
3.0.87 5.200 . 1% 1,130 |L.346 | 4.563 [L.782 3.001 5.221 | 5.441
3 2 e et e R 2]
2. . «3l 105 e oLy A Lo 5e .
3.388 |3.598 | 2.807 | 1.0 .2%0 u.xmﬁ L .659 u.g7 5.091 5.305
%.357 [3.563 | 3.772 | 3.982 |L4.193 h.hog L4.619 | L.8 5.049 [5.266
5.325 | 2.531 | 3.728 | 3.947 |L.157 [L.368 | L.581 | L.79 3-009 5.22l
2,296 | 3.500 | 3.706 [2.91l |N.122 | .%32 [1.5L3 | L.75 .969 [5.183 |
3.26g z. 1,70 3.67? % .080 [1..088 | L.296 [L.507 u.z15 L.930 | 5.1041
3.238 | 32000 | .60 [3.848 |L.osh |L.262 |L.i71 |L.681 | L.B92 |5.105
3.211 |2.511 | 3.61% | 2.816 |L.021 | L.227 [ L.1i37 | L.6L5 [L.855 |5.066
2,133 [3.282 | 2.58% | 3.735 | 3.990 | L.19h | L. 4Ol [L.609 |L.817 Z.oza
3157 15555 2,550 |2.755 [3.958 [ L.161 | L.367 [L.570 | L.78L 2991
%121 [3.228 | 2.526 | 3.726 |3.927 | 1.130 [ ;.33 [L.5L0 h.zh7 h.ggﬁ
2.081 |3.276 | 2.L71 | 2.668 [3.868 | 1,.068 | 1,.270 | Lol | L.679 | L. 4
3.01% 2,225 | 3,410 |3 .61l [3.810 | 4.009 | L.209 [L.410 |L.612 |L.817
2.988 |2.177|2.268 | 3,561 |3.755 | 3.951 | h.149 | h.3L3 L.Pio 1,752
2,000 |2.322 | 7,220 | 2.511 [%.70%3 | 3.897 1,093 [1.290 | L. L83 [1.653
7.00% [2.008 [ 2.073 | 2.1i62 [3.655 | 2.005 | L.0Z3 [11.25% | Ii,1:20 [11.629
2.862 | z.0Ls | 2.22¢ [ 2 116 |3, of | 3omaly 22085 | 12179 [ 12272 | L.569
2.32l [2.005 | 2.267 [2.371 [2.598 | 3.7L5 [ 3.935 | 4.126 | L.213 | L.515 .
2.787 2.06% 7,145 | 2.328 [3.512 | 2.693 | 3.386 | L.075 [ i.266 h.ﬂéo
2.751 |2.923 | 2.106 | 2,287 |2.[A0 | 2.65% | 2.829 | )}.027 | :.215 |1 .4OT
'2.Zl7 2. 000 [%.068 [ Z.2L7 | 2.27 | 5.610 [ 3.79% | 3.979 | [.166 | L.255
2.,3& 2.807 | 2.078 | #.152 |%.329 | 3.506 | 3.637 | 3.868 | 1.051 | L.226
2,567 | 2.729 | : 2,046 |z.238 | 2.2 | 2.600 | 3.765 | Z.olt); | ha125
2,008 2.086 | Z.6h | 3,32 | 2,497 | 2.670 ] 2.5h5 | L.022 |
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TABLE 4.— Z—PANEL PROPERTIES — Concluded [:_H
S
by
=Ny 33 |34 |35 | 36 | 37
S
2 2.312 | 2.347 | 2.382 | 2.417 | 2.L52
2 2,262 [ 2.295 | 2.329 | 2.363 | 2.397
2 2.216 2.237 2.280 | 2.7312 | 2.3,5
2 2.171 | 2.203 | 2.234 | 2.265 | 2.297
29 2.1%1 | 2,161 | 2:19) | 2.222 | 2.252
0 2'098 2.123 | 2.152 | 2.1B1 | 2.210
31 2.058 | 2,086 | 2.115 | 2.143 | 2.171
%2 2.026 | 2.053 | 2.080 | 2.107 | 2.135
3 1,995 | 2.021 | 2.048 [ 2.07k | 2.101
3] 1.965 11.991 | 2.017 | 2.042 | 2.063
35 1.937 [1.962 | 1.987 [ 2.012 [ 2.037
26 = 1.312 1.9%36|1.960 | 1.98L | 2.009
% ] 1.887 1.310 1.93L  1.957 | 1.981
3 5| 1.86311.836|1.909 | 1.932 | 1.955
39 1.842 | 1.86L | 1.886 (1,908 |1.921
1,0 1.820 [1.842 [ 1.86] | 1.886 [1.908
L2 1.781 | 1.802 | 1.823 [ 1.8 | 1.865
h% 1.746 | 1.765 [ 1.785 [ 1.805 | 1.825
Iy 1.Z15 1a32 1151 L 215770152 o789
L8 1.68% | 1,702 |1.720 | 1.738 [ 1.7
50 1.657 1.573 1.692 1.209 1.2
52 1.631 | 1,648 1.665(1.681 |1.
5 1.602 1.62L | 1.6L0 | 1.656 | 1.6
5 1.586 [ 1.601 | 1.617 | 1.633 | 1.6L
58 1,567 |1.581 [ 1.596[1,611[1.6
60 1.547 | 1.561 | 1.576 1.5zo 356
65 1.205 1.518 | 1.532 | 1.545 | 1.5
70 1.069 | 1.481 | 1.049L 1.306 1.3
15 1.438 | 1.449 [ 1461 [ 1. 472 [ 1.
2 8.81 2195 [ 9.578 [ 9.965 | 10.36
22 8.672 g.ogo 9.3%8 9.309 7052
2 8.&52 .909 | 9.282 | 9.662 | 10,0l
2 8.[,06 Blm 9.142 | 9.518 | 9.893
29 8.277 1 8.641 [ 9.008 | 9.376 | 9.751
%0 B.I5L [ B.510 | 8.873 | 9.241 | 9.6
21 8.03% | 8.389 B.Zus 3'109 9.y
32 7.313 8.265 | 8.622 .385 9.343
b3 7.800 | 8.149 8.hg9 8.856 | 9.2
ABE b A ale e
3 i 7.282 7.319 8.121 8.507 8.3
5& bl 7.383 7.219 8.055 | 8.399 8-2
3 tg| 7.289 (7. 13 7.353 8.231 a5
5 v gl pitim e e R R
L2 2.925 7.241 7.521 7.885 | 8.2
h% 2.753 Z.ggg ;.2§% 7.;02 g.gé
8 2.;%2 2.7%; Z.gug g.;?g ;.g
52 6.165 6.355 6.2 Z.oZa 7.342
5 6.03 2.312 2.hoh 6.82& T 2
5 A-min | Waki 450 | 6. .0
58 g.zag 6.0%3 g.ggg 2.%2% é.goé
0 5678 [ 5.9LT7 | 6. L9 .7
65 5.413 [ 5.670 | 5.929 | 6.195 6.&2
70 3.17 5.421 5.668 5.925 [ 6.182
15 956 | 5.19 | 5.430 | 5.681 | 5.928
2 10.12 [10.47[10.82 [11.17 [11.51
22 10.19 | 1044 | 10.79 | 11.1L 11.29
2 10.06 [ 10.41 | 10.76 | 11.11 | 11.L6
2 10.03 | 10.38 | 10.73 | 11.08 | 11.43
29 9.996 | 10.35 | 10.70 | 11.05 | 11,40
30 9.96l; [10.32 [ 10.67 | 11.02 | 11.37
21 9.921 [ 10.29 | 10.6L [ 10.99 | 11.3L
22 9.897 [ 10.25 | 10.61 [ 10,96 [ 11.31
3 9.88L [ 10.22 | 10.57 [ 10.93 | 11.27
3 9.830 110.18 | 10.5L | 10.89 |11.2)
‘EZ’ 9.796 [10.15 | 10.50 | 10.36 | 11.21
2 9.761 | 10.12 | 10.L47 | 10.82 [ 11.18
3 P 9.227 10.08 | 10.4k | 10.79 | 11.14
3 tg| 9.693 | 10.05 | 10.40 | 10.76 | 11.11
39 9.657 110,01 | 10.37 [10.72 | 11,07
0 9.623 [9.977 | 10.33 | 10.69 | 11.0L
L2 9.233 9.907 | 10.26 | 10.61 | 10.97
h% 9.482 | 9.837 | 10.19 [10.54 | 10.89
L 9.4l | 9.767 | 10.12 [10.L7 [ 10.83
8 | 9.2L5 19.897 | 10.10 | 10.40 |10.76
50 0.275 | 94627 | 9979 | 10.33 | 10,69
52 9.20 9.;59 9.211 110,26 | 10.62
5 9.1L2 | 9.091 | 9.8l [10.19 [10.5
5 9.075 | 9.L1o 9.746 10.12 |10.47
AR TT AL ar
9 2.294 1 9.641 [ 9.9 10.2L
65 8. %g 3.133 9.478 | 9.825 | 1c.17
70 8.618 | 8.979 | 9.221 | 9.665 [ 10,01
75 8.491 | 8.831 | 9.170 [ 9.512 | 9.853
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tw . b Lo ; T P g .2
TABLE 5. z—mm.moymns[{g_loo, t-;_as, i 0.4; ﬁ: 3; E-h’ %E=1'95’ E-uﬂ
22 2l 25 26 27 28 29 20 21 32
2.28 2.1,95 | 2.551 | 2.607 | 2.66% [ 2.719 | 2.775 | 2.831 | 2.887 | 2.9L3 | 2.999
2.338 a.hg% 2.&91 2.&13 2.599 2.25% 2.706 2.Z20 2.81L 2.368 2.922
2.280 2.38), 2.h86 .08 2.5L0 | 2.591 | 2.6L3 | 2.695 2.217 2.799 | 2.851
2.235 2.325 | 2.385 | 2,435 | 2.,,85 2'?35 2.555 2.653 2. és 2.235 2.785
2,102 2.289 | 2.327 [ 2,385 | 2.1,33 | 2.,82 [ 2.530 | 2.578 | 2.626 | 2.675 | 2.723
2.152 2.2L6 [2.292 [ 2.5%0 [ 2.286 [ 2.432 | 2.1,79 | 2.526 | 2.572 | 2.610 [ 2.666
2.115 2.202 2.251 | 2.296 | 2.2, 2.386 2.432 | 2.1,76 2.322 2.567 | 2.612
2.030 2.168 | 2.211 | 2.255 | 2.299 | 2.343 | 2.386 z.hgo 2474 2'P17 2.561
2.0,48 2.132 | 2.175 | 2.217 | 2.260 | 2.302 | 2.3L); | 2.3 Z 2.429 | 2.472 | 2.51
2.017 2.099 | 2.140 | 2.181 | 2.227 | 2.26L | 2.205 | 2.3L6 | 2.387 | 2.429 2.270
T.938 Z.068 [2.108 [ 2.148 [2.138 | 2.228 | 2.268 | 2.308 | 2.3L8 [ 2.388 [ 2.1:.28
ol 1.960 [ 1.999 | 2.038 | 2,077 | 2.116 | 2.155 | 2.19L | 2.222 [ 2,271 | 2.310 | 2.3L49 | 2.288
1] 1.923) | 1,972 | 2,010 | 2.0l:8 | 2.086 | 2.123 | 2.161 | 2.199 | 2.237 | 2.275 2.315 2.350
t5 1.910 | 1.9! 1.988 2.020 | 2.057 | 2.09L | 2.131 168 | 2.20l | 2.241 | 2.278 | 2.315
1.886 [ 1.9 1,993 11,994 ] 2.030 | 2.066 | 2.102 | 2,138 | 2.17k [ 2.209 [ 2.245 | 2.281
1.36l [ 1.89C | 1.93L | 1.969 | 2.00L | 2.0%9 | 2.0 | 2.109 [ 2.1LL [ 2.170 [ 2.216 [ 2.219
1.823 | 1.8 1.890 | 1.923 1.955 1.990 | 2.023 | 2,056 | 2.090 | 2.123 | 2.157 | 2.190
1.736 | 1.817 | 1.8L9 | 1.881 | 1.913 | 1.905 | 1.976 | 2.008 | 2.0L0 | 2.072 2.10% 2.126
12751 127 1.812 | 1.843 | 1.873 1.30 1,92, | 1.96L | 1.995 | 2.025 | 2.056 | 2.086
1.720 12709 11778 | %.808 | 1.887 | 14 65 1.895 | 1.924 | 1.953 [1.983 | 2.012 | 2.0l41
T.691 T.747 [ 1.775 | 1.803 | 1.B31 | 1.850 | 1.887 1.315 1.943 [1.971 | 1.99
1.665 1.219 1.74h6 [1.772 [ 1.799 | 1.826 | 1.853 | 1.880 | 1.907 1.3§h 1,961
1,640 1.692 | 1.718 | 1.74L [1.770 | 1.796 | 1.822 | 1.848 [ 1.873 | 1.899 1.325
1.61z 1.667 | 1.692 1.217 1.742 | 1.767 | 1.792 | 1.817 | 1.842 | 1.867 | 1.892
1.59 1.6L) 11.668 11.693 |1.717 (1.7 [1.765[1.789 |1.813 |1.837 |1.861
1.576 1.62% [ 1.6L6 [1.669 [ 1.693 1.216 1.Z=9 1.76? T.786 [1.810 [ 1.8%%
1.5%2 1.57? 1.596 | 1.618 1.633 12661100 BE 1.20; 1.726 1.Zu8 1.76
1.29h 1.23L 1.554 | 1.574 [1.59L | 1.61L | 1.630 | 1.65L [1.67h [1. Bg 1.21
1.461 1.098 | 1.517 | 1.536 | 1.554 | 1.573 | 1.592 | 1. 1% . 1.
2 Lé 8 é Ly 592 610 629 [1.6 6
6] 7.0 8.003 [8.,92 [8.990 [2.L93 [10.00 [ 10.52 [ 11.03 | 11.56 [12. 12.62
3 Z.a%% 7.882 3.531 8.322 9.520 9.863 | 10.38 | 10.89 | 11.[1 11.89 12.46
76| 6.833 [ 7.2 7.270 3.250 8.237 9.230 | 9.732 | 10. 10.75 | 11.26 | 11, 12.30
58 6.229 el 7.658 | 8.133 | 8.615 g.loh 9.399 10,10 | 10.61 | 12.12 | 11.6% | 12.15
5| 6.633 | 7.080 | 7.550 | 8.021 [8.500 | 8.985 | §.473 | 9.970 | 10.47 [10.98 | 11.49 |12.01
93 6.? 9 [6.988 [ 7.IL5 [ 7.91L 8.38? 3,86l [ 9.252 | §.8I3 [ 10,3 [10.8L [11.35 | I1.8B
o8 | 6.0046 | 6.892 | 7.2L6 | 7.805 s.zz; 8.250 9.232 | 9.716 [ 10.21 | 10.71 | 11.21 |11.72
26 6.52g 6.797 | 7.246 7.205 8.168 | 3.628 | 9.11L [ 9.600 | 10.09 | 10.58 | 11.08 | 11.59
P 6.20 7.152 | 7.602 | 83.063 | 8.527 | 9.003 9.h82 9.363 10.06 [10.95 [ 11.L45
76l | €.185 | 6.617 | 7.057 | 7.506 [ 7.962 | 8.L21 | 8.890 | ©.368 | 9.848 [10.23 [ 10.82 |11.32
&3y [ 6.103 | 6. 6.966 | 7.1,09 [ 7.860 [ 3.318 a.zzur G.25% | 9.730 | 10,21 [ 10,70 | II.19
if 611 6.023 6.0 6.879 | 7.217 7.Z6u 8.217 | 8. 75 9.147 | 9.620 | 10,10 | 10.58 | 11.07
h 259 s.gh 6.3 6.793 | 7.227 | 7.669 | 8.122 8.37 9.040 [9.508 | 9.982 | 10.L6 | 10.95
5 66| 5.871 | 6.2 G.le 7.141 7.2&9 8.02) | 8.476 | 8.93L [ 9.402 | 9.873 | 10.35 | 10.83
299 | 5.800 | 6.2 6.628 | 7.055 | 7.089 [ 7.930 | 8.378 | 8.833 | 9.29L | 9.765 | 10. 10571
2332 | 5.729 | 6.1 6.549 [ 6.972 [ 7.L03 [ 7.8L0 [ 8.285 [ B.736 3.19u 9.657 [ 10.1% [ 10.60
.202 5.292 5.3 6.395 | 6,811 | 7.235 | 7.663 | 8.101 | 8.5L7 .g9h 9.451 [9.910 | 10.38
.080 | 5.461 | 5. 6.252 | 6.659 Z'O7 7.500 | 7.929 | 8.36l | 8.807 | 9.255 [ 9.7 10.17
.365 5.340 | 5.7 6.113 6.51 .922 | 7.33 7.260 8.191 | 8.625 2.069 9.5 9.970
.855 | 5.222 | 5.5 5.98L | 6.370 [ 6.775 | 7.1 7.600 | 8.02) | 8.45L | 8.835 [9.328 |9.775
.251 5111 | 5.l 5.858 | 6.2LL [ 6.638 Z.ouo 7409 [ 7.86L [B.287 [B.716 8.151 G592
.650 E 5.3 5.235 6.11l | 6.505 | 6.900 | 7.302 | 7.711 | 8.127 | 8.549 .377 9.011
.Esé 3 5.2 5.622 5.335 6.375 6.26& 7.159 7.362 7.971 | 8.392 | 8.81L | 9.242
L.L6s | L 5.1 De 13 5.830 | 6.255 | 6.637 Z'OZZ 7.42l | 7.828 | 8.238 | 8.65L 3.077
3.277 ? Z.o 5. 067 s.zgo g.lgz g.sli 6.89 7.2?7 7.23% 8.ozg g.ggg 8.3%2
.293 | I, .9 5.306 | 5.662 | 6.0 .39 oI5 | (=259 [T+ 79 A ~
L.101 | L M 3.071 5.h1k | 5.761 | 6.120 6.Zgz 2.851 Z'Z 2| 17.614 [ 8.003 | 8.40
3,926 | 4 L.5 .858 | 5.186 | 5.522 | 5.865 | 6.217 | 6.575 | 6.940 | 7.311 [ 7.689 | 8.07
3.768 { L b3 14665 { [,.930 { 5.303 { 5.637 | 5.97L | 6.319 { 6.675 { 7.033 { 7.397 | 7.773
72 2 1 8.65% 0,088 [9.5%5 [ 9.982 [10.;3 [ 10.87 [11.21 [11.7L [12.18 [12.61
T2 7 A 8.616 | 9.069 |9.519 | 9.967 | 10.41 | 10.85 | 11.29 | 11.73 | 12.17 [12.60
T.2 T b 8.598 | 9.051 9.302 9,950 | 10,40 [ 10.8 | 11.28 | 11.72 | 12.16 | 12.5
il 7 Gl 8.578 | 9.022 [ 9.48L | 9.933 | 10.38 | 10.82 [ 11.27 [ 11.71 | 12.1L [12.5
Giray i § 8.558 19.013 [9.465 | 9.915 | 10.36 | 10.80 | 11.25 | 11.69 |12.13 [12.57
oL 7 5 3.532 B.992 [ G145 [9.396 | 10.3L | 10.79 | 11.25 | 11.68 | 12.12 [ 12.5
T3 1 5 8.516 | 8.671 | 9.i23 | 9.376 | 10.33 | 10.77 | 11.22 | 11.66 | 12,10 [12.5
Tisd 7 . 8.0L9% | 8.949 | 9.40L | 9.855 [ 10.30 | 10.75 | 11.20 | 11.6L |12.08 [12.52
7.088 | 7 8.471 | 8.926 |9.381 | 9.833 | 10,28 | 10.73 [ 11,18 | 11.62 | 12.07 |12.51
7.066 |7 8.4;718.904 19.359 | 2.811 [10.26 | 10.71 | 11,16 [11.60 |12.05 [12.09
o 7 .23 | 8.830 [9.3%5 | ©.733 | 10.2I; | 10.69 | 11.1L | 11.58 | 12.05 | 12447
7 8.400 | 8.856 [9.211 | 9.765 | 10,22 | 10.67 | 11.12'| 11.56 | 12,01 |12.45
T 8.375 | 8.832 | 9.237 | 9.742 | 10.19 | 10.6L [ 11.09 | 11.54 | 11.99 [12.43
7 8.251 | 8.807 9.265 9.217 10.17 | 10.62 | 11.07 | 11.52 [11.96 [12.41
T 8.226 | 8.782 [ 9.238 | 2.6S2 | 10,15 | 10.60 | 11.05 | 11,49 |11.9L |12.39
1 B.%501 [ B.758 | 9.21] [ 0.668 [10.12 | 10.57 | 11.02 | 11.L7 | 11.92 |12.36
7 8.250 8.20 9.163 | 2,617 | 10,07 | 10.52 | 10.97 | 11.42 | 11.87 [12.32
7 §.200 | 8.656 | 9.111 | 9.565 | 10.02 | 10.L7 | 10.92 [ 11.37 | 11.82 [12.27
g 3.149 | 8.60L p.osz 9.[61 | 9.967 | 10.42 | 10.37 | 11.32 | 11.77 |12.22
7 8.098 | 8.552 | 9.006 | 9.461 [9.91): | 10.77 | 10.82 [11.27 | 11.72 |12.17
7 006 [ 3.501 [ 5.050 | 9.L0B [ 9.561 | 10.:1 [ 10.77 | 11.22 | 11.67 | 12." 7
T 7.004 | 3.0L8 | B,002 | 9,255 | 9,808 | 10.2€ 10.11 11,361 17.61 | 12.06
Z 7.0L) | 8.206 | B,Blo | 8,281 | 4,741 | 10,21 | 10,66 | 11.11 | 11.56 |12.01
7.8¢ | 8.205 | 3,707 | 8.2L9 | 9.701 | 10.15 | 10.40 | 11,05 | 11.50 |11.95
6. 7.8C) | 8.29L | 8.70) [ §.105 [ 9.6L6 | 10,20 ]10.55 | 11.00 |21.65 [11.40
3 7.793 [ 3.2L2 [3.693 [0,1];2 [ 9,503 10.0L | 1010 [10.9% [11.%29 [11.8]
6 7.671 | 8.118 | 8.565 | 9.01% | 9,081 | 0.on0 | 10.26 | 10.81 |11.25 |11.70
6 7.552 | 7.995 | B.L39 | 8.385 [ 9.221 9.277 10,22 {10.67 | 11.12 11.27
6 7.0%3 | 7.877 | 8.218 | 8.761 [ 9.202 ]| 9.647 [ 10,09 | 10.5L | 10,93 |11.03
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b T d
e — Concluded EH=1.oo;—“‘-=8.6;k=01t A =b; == 1.95;
TABLE 5.~ Z—PANEL PROPERTIES Ci [ts T bw 3
= 33 |3 |35 |36 |3 [ | % | W
Ys
2 5-052 3.111 } 3.167 } 2.223 | 3.279 5-335 3.291 [ 3.LL7 3.559
2 2.976 | 3.030 3.082 5.135 3.191 | 3.2L5 5.29& 3,253 3.[,60
2 2.803 2.33& 3.00 5.03 3.110 | 3.162 | 3.21L | 3.265 3.369
2 2.825 | 2.885 2.053 2.985 | 3.035 | 3.085 | 3.125 | 3,185 3,285
9 2.775 | 2.820 | 2.88 2.1 2.985 | 5.01% | 3.061 | 3.100 %.206
20 2.213 2.759 | 2.806 [ 2.852 | 2.8¢ 2.318;6 2.993 3,039 3,132
21 2.656 2.202 Z.Zu7 2.792 | 2.8 - zﬁ 2.32 2.973 3.063%
32 2.60L [ 2.6L9 2.633 z.zaﬁ 2.780 | 2.8 2.868 2.311 8 2.993
3z 2.553 2.599 | 2.642 | 2. Z'ZZZ 2.769 | 2.811 | 2.85L 2'38
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Figure 9-Direct-reading design chart (alternate form) for 24S-T aluminum-alloy Z- stiffened panels. -:’-'- 1.00.
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