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AERONAUTIC SYMBOLS 

1. FUNDAMENTAL AND DEBITED UNITS 

Metric 

Unit 

meter -  
second-  - 
weight o£ 1 kilogram. 

Abbrevia- 
tion 

m 
8 

kg- 

English 

Unit 

horsepower (metric). 
/kilometers per hour. 
\meters per second- - 

foot (or mile)  
second (or hour) — 
weight of 1 pound. 

horsepower  
" kph      I miles per hour. - 
mps      I feet per second— 

■Abbrevia- 
tion 

ft {or mi) 
esc (or hr) 
lb 

mpn 
fps 

2, GENEBAL SYMBOLS 

KSrffederation of gravi'ty=9.80665 m/s* 
or 32.1740 ft/sec3 ;       -   •   / 

Mass=—     ■; • 
Moment  of  inertia-mi». • (Indicate  ans  of 

radius of gyration h by proper subscript.) 
'■ Coefficient -of -viscosity 

,    ■    Kinematic viscosity      ■'" 
a   '     Density (mass per unit volume)' 
Standard density of dry air, 0 12497 kg-m^s* at 15° w 

and-760 mm; or 0.002378 lb-It"* see* ,•/»„. 
SpSc weight of "standard" air, 1.2255 kg/m» or 

, 0.07651 Ib/cu ft -"-.■■■ 

I. AEBQBYNAM1C SYMBOLS 

■Area' . 
Area of mag 
Gap 
Span 
Chord 

V 

L 

Aspect ratio, -g 

True air speed 

Dynamic pressure, gP^7* 

Lift, absolute coefficient &= 

Drag, absolute coefficient CD—^§ 

Profile drag, absolute coefficient CDo* 

Induced 'drag, absolute coefficient <7Di=p 

Parasite drag, absolute coefficient CB»~- 

Croes-wind force, absolute coefficient Cc=~ü 

Do 

it 

Q 
O 

B 

a 
e 

Cti 

Angle of setting of wings (relative" to thrust to») 
Angle of Btabffizar setting (relative to tiavab 

line) 
Resultant moment . . 
Kesultant angular velocity .. 

Reynolds number, PJ where I is a linear dimen- 

sion (e.g., for an airfoil of 1.0 ft chord, 100 mph* 
standard pressure at 15° C, the corresponding 
Reynolds number is 935,400; or for an autoii 
of 1.0 m chord, 100 mps, the corresponding 

: Reynolds number is 6,865,000) 
Angle of attack 
Angle of downwasb. \. 
Angle of attack, infinite aspect ratio 
Angle of attack, induced . 
Angle of attack, absolute (measured from 

lift position) 
Flight-path angle -.• '   . 

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

I'.v I'IVAV II. Sriiri-'.TTi: 

SUM M A It Y 

Desiijn charts are dereloped for ,.'.',S '/' alumi' n tim-alloii flat 
compression panels with loixjitttdintil Z-section stiffeners. 
These charts make possible the desiijn of the Hißtest panels of 

this type for a wide range of design requirements. Example* 

of the use of the charts are tjiren and it is pointed out on the 
basis of these examples that, orer a wide range of design condi- 
tions, the maintenance of buckle-free surfaces does not conflict 
with the achierement of high structural efliciency. The itclttene- 
ment of the maximum possible structural efficiency with 2.',S-T 
aluminum-alloy panels, howerer, requires closer stijfener 

spacing* than those now in common use. 

INTRODUCTION 

In a longitudinally stiffenedcompression panel, in which 
all the material is active in carrying load, the requirement o!' 
minimum weight is tantamount (o 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 structural efliciency 
of the panel. If longitudinally stiffened compression panels 
are to be designed for high structural efliciency 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 (he important loading conditions are incorporated 

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

tudinallv  stiffened   compression   panels   in   the    design    of 
/', 

LH'c' which   the  transverse stiffness  can be   neglected  is 

where Pt is the compressive load per inch of panel width, 
/. is the panel length, or distance between supporting ribs, 

'and c is the coefficient of end fixity at the ribs. The quantity 
I't, which is essentially 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 

i> 
parameter       ■ -> with slightly different  notation,  to  form 

L/\c 
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 a basis for I be preparation of 
design charts from extensive test data on 24S -T aluminum- 
alloy flat compression panels with longitudinal Z-section 

stiffeners: the data were obtained 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 

l\ 
described  and  the method for obtaining ,,    -as a natural 

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

■SYMBOLS AND DEFINITIONS 

The symbols u^cA for the principal panel cross-sectional 
dimensions are indicated in figure I. In addition, the 

following symbols are used: 
.1,     cross-sectional area per inch of panel width, or equiva- 

lent thickness of panel, inches 
L       length of panel, inches 
/',     compressive load per inch of panel width, kips per inch 
/',',.     modulus of elasticity in compression, ksi 
c        coefficient of end fixity as used in Killer column formula 
/:       coefficient in formula for local-buckling stress 
p       radius of gyration of panel cross section, inches 
T       noudimensional coeflicieiit  that  takes into account  re- 

duction in effective modulus of elasticity when panel 
fails as a column beyond the elastic range 

crrr     critical stress, or stress for local buckling, ksi 
~öc      average stress at column failure, ksi 

omaT average stress at local failure, ksi 
Wf      average stress at failure for any panel, ksi 

r hr-+- 

^+ 7^ 

r-5 
^ 

-t>A 

FIGURE 1.—Symbols for panel dimensions. 
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The average stress at which any particular panel fails. af, 
may he 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 stilfeners 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 he 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 ?,„„, 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 budding a„, which does not neces- 
sarily imply failure. The term "local buckling" as used 
hereui 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-alloy 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 described in the appendix. Values 
of Ai/ts, 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, envelopes 
arc indicated by the dashed lines for each value of the 
ratio bs/t.s in figures 2 to 5. These envelopes have been 
combined (fig. «) to give the over-all envelopes for the four 
values of the ratio twjtx. The values of bs/tN and bwjtw 

needed in order that a panel will develop the stress indicated 
by an envelope are also given in figure ü. 

The design parameter —=• against which stress is plotted 

in figures 2 to (i. comprises the principal design conditions: 
the compressivc 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 

value of L/\c- 

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

value of ff' -0.4; it is shown in the appendix (figs. 17 to 20), 

however, that curves for ^^ = <>.H and 0.5 would be in close 

agreement with the curves for jj^=0.4. The curves of figures 

2 to 5 may therefore be applied with reasonable accuracy 
for any value of bFjbw 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 intersect the curves of 
figures 2 to ö 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 compressivc 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 &„/<., n»<l b„-/tw 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 slightly below the failure stress. 

It is pointed out that for ^=0.79 and 1.00 (figs. 4 and 5), 

the curves for values of /=25 and 30 have been obtained 
ts 

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 (5 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 arc 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 stiffeners and five bays. 
The panels were tested flat-ended and without edge support. 
A fixity coefficient of 3.75 was used in reducing the test 
data for application to an effective pin-ended length. The 
average compressivc 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 4(1.5 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 A17S-T 
(AN442AD) and were of the sizes and spacings indicated by 
the following table: 

lw Kivet spacing KivrtditwiptiT 

1.1 
...       

0. SI 
. «1 
.7'.! 

1.0(1 

II). 0 
12. :t 
12. :i 
11.7 

i. «i 
1.X4 
i.ai 
l.'JS 

Because the compressivc 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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n kips/in- 
L/Vc '      in. 

FIGURE 2.—Design chart for 24S-T aluminum-alloy flat panels with Z-section stilfeners; j*-0.M ((-^-I1.4; [-£-3; (-^-4; and j^-0-3 to 0.5 j. 
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60 

STIFFENS HS 

.2 -A 
P; Mps/in. 

L/7c '       in. 

.2 .4 
Pj hips/in. 

L/Vc '      in- 

.0 

F.r.i'KE i!.-lllRhMt values «f average stress .it failure for MS-T aluminum-alloy I1..1 panel, 

USE OF DESIGN CHARTS AND EXAMPLES 

If shoot material could be obtained in any desired thickness 
and if no special limitations wore put on the design, it would 
be sufficient merely to find those proportions that would give 

the highest stress for the  given  value  of  /--/-^-      Because 

certain limitations are usually imposed, however, the struc- 
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 t„-/ts in figures 2 to 
0 are applied consecutively to a particular skin gage, the 
four stifTener gages that result will generally be consecutive 
standard gages. Interpolation between the curves of two 
consecutive charts (figs. 2 and », 3 and 4, etc.) 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 
„re given of designs obtained for a given load intensity and 
three different lengths by each of the methods. 

The distinguishing features of each method are 

with Z-seetiim «Wieners, with values of balls ami b*H* needed to realize those 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 o 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 shoot gages. The design is 
obtained by use of I lie envelopes for given values of bA 
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 individual solid curves in figures 2 
to 5. The method is somewhat lengthy; examples have 
l)een worked out by its use, however, to servo as a check on 
the short method, so that that method can be used with 
confidence. ,,,     ,„ 

7S3497—48- 
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Each of tlic throe 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 
tir/ts included in figure (> are given for L=\0, 20, and )50 
inches with I', = 'A.() kips per inch and c=\. In the other 
two methods, the detailed computations are given only for 

L = 20 inches and — = 0.79. again with /\=U.O kips per inch 
ts 

and r=l; (inal results are given, however, for the complete 
set of examples considered in the discussion of the first 
method. It is assumed in all cases that a skin thickness 
of 0.0(54 inch is necessary in order to comply with other 
design requirements. A value of A,.//),,-of 0.4 is used through- 
out. In arriving at the linal designs, no values of (he 
dimension ratios outside of the ranges covered by (he charts 
are given consideration. 

Method for obtaining the ideal design. -The ideal-design 
method consists of picking from figure ti the optimum pro- 
portions and the stress and computing from those 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 1\^ 

(2) From the curves of figure (i pick off for each value of 
tir/t.s the values of bs/tx, bl{- t,r, and ~5r corresponding to (he 

value of       '-• 
L/\c 

(,'i)  Pick from table 2 the values of .1,//* for the  ratios 

determined in stop 2.    (If ,' =•().:{ or O./J  is used, (able 1 or Mu- 
table :i, respectively, should be used instead of table 2.) 

(4) Compute 

ts = 
"7 

•■1« 

This formula is based on the equality 

(5) Compute 

/  —— / Ml—7^ '.s 
's 

bs=,   t.f 
is 

On—,       Uv 
lw 

This procedure results in four designs for each length, 
corresponding to the four values of twits, 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 /,s=fl.Ot54 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 !), along with bar graphs of the average 
stress at failure and the buckling stress. The buckling 
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 
slress for the designs obtained. Whenever tins difference 
occurred in (lie present examples, the buckling stress is 
shown equal to the failure stress. 

Short method for obtaining a practical design.—The short 
method consists of picking (he optimum value of b»-tw and 
(he corresponding stress for each value of bslts 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 (hen selected from the 
various designs obtained. 

The values and computed quantities for L=20 inches and 
tu- 

ts 
-0.79 are given in table 5 and are referenced to the steps 

in the following procedure: 
/', 

(1) ( ompute 
l-l \ c 

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

example, (ig. 4 for  " —0.7!) is used) pick off for each value of 

bx/ts the values of b„-i't„- (by interpolation along the dashed 
envelope) and a, (from the envelope) corresponding to the 

value ot  , , 
L/Sc 

(3) Pick from table 2 the values of AJts for the, ratios de- 
termined in step 2. 

(4) Compute 

a'ls~ 

(">) Plot /'„•//„•, ts. and ä, against bs/'ts for the particular 
value of /,i ts- (The plot for the example being considered 
is shown in lig. 10.) Tabulate the values of ».„•//*, bu-,tn-. and 
~5, corresponding to the point where /.s- equals (he specified 
value. 

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

(7) Compute 

P,=S, f' ts 
's 

tip— j- Is 
is 

ts 

Our — CH 

(8) Repeat steps 2 to 7 for other values of f»-lts. 
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t„ z 
D.5I ideal design 

■-.0315 

.0618-., i—,H 
a.. 

f. Short method 

-.032 

Maximum 
e fficienc v 

.032 

*£ 

.83 

LY-.040 

Short method        J 

V r    FM    r I Maximum efficiency I I 

52 

.75 

Short method 

Maximum efficiency 

-.05/ 

w 

B 

/.a? 
< 

Short method 

-.064 

Maximum efficiency 

.-.064 

J .    I    i    I    i 1    i    I    i    I    i 
,? 3 4 5 6 

Inches 
20 30 

Stress, ksi 

Fmi-HK T.-lk-sitins of 24S-T aluminum-alloy panels 10 inch.« long wilh A=3.0 kips per inch, c-1, and l»=().llfi4 inch. 
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L 
t: 

ideal des,on 

.0386 

.061!'.. 

Of 

M 

".    1          K-   1          1 

Ohord -rcr'iod 

Max/'mum 
• fficiencv 

il 

, 1   1   1 

Shor-'  r-.-'-ird 

r~ 
O'V 

v — 
May imam « • ''fit ivnc.y 

 ^ 
■■ 

■;, i   i 

^ 
jt)Orf method 

.064 

J. 

\--.0G4 

I    I     I    I    I 
J 

■■ehe s 

-J—I I I I I L 
4 i 

J_J 
6 

-it 

^o 30 
S frrs r    /f T/ 

FnnKK 8. — I >t'si»riis of 24S-T iiluni inum-nlloy panels Li) inches ions with /\ = :i.O kips per inch, c=» 1, and(a=0.004 inch. 
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A, 

0.63 

Ideal design 

-.0425 

.0675-. 

*•-. 

- 
mäk 
^'     1             kr-| 1 »— 

.63 < 

Short method 

■ -040 

.-.040 m^^^^^m 11              i 

1.00 

Short r-.ethod 

-.064 

Uoximurr e'./ciency 

.-.064 

J    I    I    I    l- I    i    I    i    1    I    I     I    I    I 
2 3 4 

Inches 

I    .    I    i    I    ■ 

*F -//— 

■rta ^r 

-/»- 
£0 

Stress, ksi 

FinURE 9.-Designs of 243-T aluminum 
•alloy panels 30 Inches long with /J.=3.o kips per inch, c=l, and (»=0.064 incn. 
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t.Jn 

(!) Compute 
1-1 \ c 

(2)  From the curves for a particular value of („-,'/.,■ (in this 

example, lig. 4* for -^- = 0.79 is used) pick off for each value 

of 6»-//ir and bx/ts the value of ~äf corresponding to the value 

L, \<' 
(:>)   Pick from table 2 the values of A,lts corresponding to 

(lie nil ios used in step 2. 

(4)  Compute 
/', 

J-  -1, 
/.- 

Of ts 

dt, As/ 

{.')) Plot ts und ~af against bslts for each value of b„-.'t„- and 

t„-lts. Plot llie particular value of A„-//„- at the value of bs/ts 

for which ts c(|uals the s|)eci(ied value and mark the value 

of stress at that value of bs/ts- The plots of this step for the 

example under consideration are given in figure 11 as the 

■ short lines for the several values of 6„-/7„- indicated. In order 

to avoid unnecessary confusion, only short  portions of the 

curves, except the curve for -— -=20, are shown. 
'ii- 

lli)  After step "> has been completed for all the values of 

A„-/7„-, draw curves of stress and of l>„-/tH- against bsits through 
FIOVKK in.  Hoi fiirdiiiiiiniiiB pmciiciii iicsiuii i>y si»>n niftiuid.   i". = 3-0 kips i«.r ini-ii;   j    (|,(, points determined in step 5 (heavy curves in fig. 11). 

I. = 2U iiichi's; <•= I; N-ll.wi-l iin-li: , " --H.7». 

Like that for the ideal design, this procedure results, for 
each length considered, in one design for each value of 
tn-/ts. It may not always he possible to lind satisfactory 
designs under the conditions imposed for all values of 

tn-ßs-     (N'ole 'hat  no designs are given in ligs. S and !) for 

Uv 
ts 

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

method utilize standard sheet gages and meet the require- 
ment that /.„= 0.004 inch. The choice of design now de- 
pends on arriving at a suit a hie com promise lie! ween high si ress 

and wide sliffener spacing. If the prevention of buckling 
under load is considered important, then the buckling stress 

must also be taken into account in making n choice. 
The designs obtained by currying out the foregoing 

procedure for the several values of L and /„-//.s- are shown as 
(he short-method designs in ligures 7 to I) along with bar 
"Tiiphs of the average si ress at failure and the buckling 

stress. 
Method of designing for maximum structural efficiency. - 

The maxinium-ellicicncv method consists of computing the 

thickness required as bs />■ is varied for each value of />,,/„- 
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/,,- /.s, from which those designs thai 
provide the highest average stress at failure can be selected. 

The values and computed quantities for /, -2!) inches and 

tu- 
ts 

in the following procedure: 

= 0.7!) are given in table (i and are referenced to the steps 
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(7) Each of the curves drawn in step 0 [-(»presents a series 
of designs, all of which have the required value of ts (in this 
ease, (h0l>4 in.). The maximum point on the curve of a, 
indicates the design for maximum structural efficiency for 
the particular value of *„./'.- Note this maximum value 
of -5„ the value of M.s at which it is reached, and the value ot 
&„,//„-. which can he picked from the curve of &„./<„- against 

M.S-. „ ..    , ,. 
(S) Check computations by picking from table _ the 

value of .1, ts corresponding to the ratios selected for maxi- 
mum structural elliciency in step 7. If all computations 

and plots are correct. 

(9)  Compute 

I', = *,','Is 

tw 
'ts 

ts 

A b«' I Ow—,     'ir 
fir 

(10) Repeat steps 2 to 9 for other values of tti.lts. 
This procedure results, for each length considered, in one 

design for each value of tjts. The choice of a design de- 
pends on arriving at a suitable compromise between high 
stress and wide stifl'ener spacing, with possible consideration 

for the buckling stress. 
The designs obtained by carrying out the foregoing pro- 

cedure for the several values of £ and /,,/r.s- arc shown as the 
maximum-ediciency 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 
basis of maximum structural elliciency: the buckling stress. 
however, is in some cases somewhat lower than that for the 

maxiinuin-ellieiency panel. 
Whether the design obtained by the short method or the 

design for maximum efficiency is selected, (hebest design for 
/', = :;.() kips per inch, on the basis of stress, is obtained at 

(IMPRESSION   PANELS   WITH   Z-SECTION   STIFFENEUS 13 

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

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

ness would have to be 0.034 inch at £=10 inches, 0.041 inch 
at 20 inches, and 0.040 inch at M inches. Moreover, the 

stiH'ener spacings for designs having such small skin thick- 
nesses are very small. (See table 4.) Because of limitations 
on skin gages and slifl'ener 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 

a/) obtained at each length by the maximum-ellieiency 
method does not buckle 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-efficiency panel, also does not buckle until 

very close to failure. This condition lias 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 elliciency. The simul- 
taneous achievement of both these ends by use of 24S-T 
aluminum-alloy panels, however, apparently requires closer 

stifl'ener spacings than those now in common use. For' 
example, the maximum-ellicieney designs for /', = :*.() kips 

per inch and /.„-= 0.004 inch have the following spacings for 

the three lengths: 

£ = 10 inches with 
t,r 
Is 

■ 0.51. at  L --=20 inches with 

/,. 

■=0.<M. 

and at  £ = :W inches with ,": -0.79.     In figure 0. however, 

the highest envelope, which gives the lightest design, isthat 

/. '1.1 

(ill.) 1.1 

i        1" •_' i. 0 
!                          'JO rj. I 
| 111. (1              ; 

/_■ 

.00. This apparent contradiction results from the 

(ON(i.UI)IN('   KEMAHKS 

Charts are presented for the minimum-weight design 
■of 24S-T aluminum-alloy Hat compression panels with 
longitudinal Z-section still'eners. From examples based 
on the use of these charts, it is concluded that, over a wide 
ramre of design conditions, the maintenance of buckle-free 
surfaces on longitudinally stiffened compression panels 
does not conflict with the achievement of high structural 
elliciency. The achievement of the maximum possible 
structural elliciency with 24S-T aluminum-alloy panels, 
however, requires closer stiH'ener spacings than those now 

in  common   use. 

LANOLKY  MK.UOKIAI. AKKOXAITICAI.  LAUOUATOKY, 

NATIONAL ADVISORY ('O.MMITTKK i'oit AKUONAITICS, 

LANOI.KY  Flhl.D,   V.\.,  JillIJ !),   I!)■','>■ 
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(7) Eiicli of the curves drawn in step 0 represents a series 

of designs, all of which have the required value of ts (in this 

ease, ().()(')4 in.). The maximum point on the curve of ~5f 

indicates the design for maximum structural efficiency for 

the particular value of t„- ts. Note this maximum value 

of a,, the value of Ms at which it is reached, and tlie value of 

A,,-'/«-, whicli can he picked from the curve of bwjtw against 

Ms. 
(S) Check computations by picking from table 2 (lie 

value of Ai/ts corresponding to the ratios selected for maxi- 
mum structural clüeieney in step 7. If all computations 

and plots are correct. 

(9) Compute 

/', = ■?/ ','*„ 

/   h«, 0.s==,    's 
<s 

OH—,     UV 
i\v 

(10)   Repent steps 2 to 9 for other values of t„-;ts. 
This procedure results, for each length considered, in one 

design for each value of /„• ts. Tlie choice of a design de- 
pends on arriving at a suitable compromise between high 
stress and wide stiU'ener spacing, with possible consideration 

for the buckling stress. 
The designs obtained by carrying out the foregoing pro- 

cedure for the several values of L and f„-jts are shown as (he 
maximum-efficiency designs in figures 7 lo i) along with bar 
graphs of the average stress at failure and the buckling stress. 

DISCUSSION 

Figures 7 lo !) 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 structural efficiency: the buckling stress. 

however, is in some cases somewhat lower than that for the 

maxi mil m-efficiency panel. 
Whether the design obtained by the short method or the 

design for maximum efficiency is selected, the best design for 
I',--'.i.D kips per inch, on the basis of stress, is obtained al 

L  =111 es wit I 
Is 

O.'il. at   L  =20 inches with   "'    0.0H. 

fact that in working out the examples a skin thickness of 
0.0Ü4 inch was specified.    In order to reach the curve for 

ü'_^1.00 (fig. (>), a study of table 4 shows that the skin thick- 

ness would have to he 0.034 inch at L= 10 inches, 0.041 inch 
at 20 inches, and 0.040 inch at 'M) inches. Moreover, the 

stifTener spacings for designs having such small skin thick- 
nesses are very small. (See table 4.) Because of limitations 
on skin gages and stifi'ener 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 

a/) obtained at each length by the maximum-efficiency 
method does not buckle 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-efficiency panel, also does not buckle until 

very close to failure. This condition has been found to 

bold 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 etids by use of 24S-T 

aluminum-alloy panels, however, apparently requires closer 
still'ener spacings than those now in common use. For 
example, the maximum-elliciency designs for /', = :{.0 kips 

per inch and t*■•■■().004 inch have the following spacings for 

the three lengths: 

i-j. i 

and at /. = :>0 inches with - =0.79. In figure 0, however, 

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

for   ""     1.00.    This apparent contradiction results from the   j 

('ON('Mll)IN(i   KKMAUKS 

Charts   arc   presented   for   the   minimum-weight   design 
of   24S T   aluminum-alloy   Mat   compression   panels   with 

longitudinal    Z-seclion    stifl'eners.     From    examples    based 
on the use of these charts, it is concluded that, over a wide 
range of design conditions,  the maintenance of buckle-free 
surfaces   on    longitudinally   stilfencd    compression    panels 

j   does not  conllict   with  Ihe achievement  of   high structural 
i   efficiency.    The   achievement   of   the   maximum    possible 
I   structural   efficiency   with   21S T   aluminum-alloy   panels, 

however,  requires closer sliU'ener spacings  than  those   now 

i   in   common   use. 
. 

FA.\'I;I.I-:Y  M KMOKIAI. AKHO.V.WTICAL FAHOUATOKY, 

NATIONAL ADVISOKY COMMITTKK  FOI; AKKONAUTICS, 

LAXCLKV FiL'i.i), VA., July !),  !!)',■'). 
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as a guide in fairing the curves,  and  the curves will  be 
shown to be reasonably accurate for any value of br/bw 

between 0.3 and 0.5. iftl.o 
Determination of stress for local buckling <r,-lf tic 

panel did not buckle locally before failure, the theoretical 
results thus far presented, used in conjunction with value, 
of äMr, would be sufficient to. construct a design curve 

of «against J'- for any panel.    A typical curve for panels 

that do not buckle before  failure  is shown  in  figure   1:>. 
Unless the width-thickness ratios of the various plate cle- 
nu-nU of the panel are small or the panel is relatively l.mg 
however, there will generally be some loca   buckling befoie 
failure    When this buckling lakes place, the cross-sect io„a 
moment of inertia of the panel is reduced by the presence o 
ineffective  areas;   the  original  curve  of  column  sfengt 
therefore no longer applies and the point at winch buck , g 
takes place must be connected with the hue for local fa hie 
l,v means of a reduced curve.   A typical curve, adjust«! fo. 
the of recta of local buckling, is shown in figure 14. 

The fore-oing 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 arc therefore plotted in figure 15 for 6^=<>-4- »c" 

cause the measured value of b/t for the element (skin or 
stinYncr web) that first showed buckling in a test panel was 
„ever 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: 

\l / mrasurrd 
(<Tcr)cormtrd = (ffcrlolnirrrd    . ^ y 

\ t J nominal 

Flflt'RE 14 

TffC 
-Typical clcsisn curve for panels that buckle. 

FIOI-RE 13—Typical uosipi curve for panels that do not buckle. 

.06 

buckllnuof ilS-T aluminum-alloy Hat panels wiih Z-secliun 
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Step I Step 2 Step 3 

! 

rC olumn strei iqth Local-failure strength. 

"/ . i / / 
. /es/ data.. 
 I -o— 

, / 1 / // 

/ i -Fina/ curve 

/ 
i 

/'. 

/ ■Buckling s 

1 

tress 1 
! 

/ \ 
\ I 

I 

' i 
Pi 

FIIU'KK l(i. -Illtistnuiuii ill pro 

where the value of bjt is that for (lie web of the slilfener or 

for the skin between stiffeners, depending on wliieli of these 

elements first gave evidence of buckling. This correction 

formula is hased on the fact that, other factors being equal, 

the ci'itieal stress is inversely proportional to the square of 

the width-thickness ratio. No account is taken herein of the 

fact that Ibis relationship is not entirely true for stresses 

beyond the elastic range; it is assumed that neglecting this 

fact will have no significant ell'ect because the total correclion 

is relatively small. 

The method used in fairing curves through the test points 

in ligure 15 is as follows: 

For the horizontal portions of the curves on the right-hand 

side of figure IÖ. the skin is primarily responsible for the 

buckling; the ordinates for the curves in this region are 

determined by drawing average lines through the lest 

points. As the value of /„ ■ />„• is reduced, however, the 

responsibility for the buckling shifts to (he slill'eners and 

there is a reduction in a-,... In the absence of adequate test 

data for low values of ,„• />„-. certain theoretical considera- 

tions are used for determining the values of a„ 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 txvjbn- approaches zero, with all other dimen- 

sion ratios held constant, the skin tends to become infinitely 

stilf by comparison with the still'ener and the stilfener ap- 

proaches a condition of complete lixity at the edge where it is 

attached to the skin. This condition of complete lixity repre- 

sents the upper limit of buckling stress, '['he value of /•, the 

coellieienl in the formula for local-bin 'kling si i v>- (reference 

4). when applied to the still'ener web mwx be taken for this 

condition as (he geometric mean of the value of /• for the 

web of a  Z-section column  with  ,      -0.4   (about   .'!.77, see 
'>\v 

reference 4) and the value of k for a llat plate fixed at both 

edges (about ti.DS, see reference .")). This value of /• is 

vi.77 -'(i.'JN. or ">.!.'!.     The upper dashed curve in figure  15 

L/Vc 

'(lure usol in pri'p;ir:ition of ilt'si-^ii charls. 

gives a„ for- k—'i.\'.\. 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 edges is discussed and 

justified for practical use in reference f>. 

A\ hen       —  \ it is a reasonable and probablv conservative 
'it-     is 

assumption   to   consider   the   stifl'cner   hinged   at   the   edge 

where   it   is  attached   to   the skin.    This   hinged   condition 

represents the lower limit of buckling stress.     The value of 

/• for the web of the still'ener may be taken for this condition 

as the geometric mean of :i.77 for the simple Z-section  and 

the   value  for a   llat   plate  hinged   al   both  edges   (4.00.  see 

!    reference   .">)   or  /■ - A ;!.77 ■ 4.00 ■■ :i.S,X.     The  lower  dashed 

curve in figure  l.j gives a,, for/'     :;.NN.     In the preparation 

i    of the two dashed curves, the ell'ect of reduction in the modu- 

"   Ins  of elasl icily   for slresses   beyond   the  elastic  range  was 

t    determined   from   results of  lesls of •_'IS  T aluminum-alloy 

columns  of  Z-.   channel,  and   H-seclion   lhal   develop   local 

instability. 
The solid curve on the left-hand side of ligure I."> is drawn 

in to give a gradual transition from I he lower dashed curve 

in the region where , s toward the  upper dashed curve 
Mr       '> 

as twjl>„- approaches zero.     In  the region where  ."    - .s the 
'ir     's 

curves are faired into the horizontal lines drawn through 

the test points. A single curve was considered sufficient 

for all values of /„•./.* for the left-hand portion of figure l.">. 

because the few tesl points that were available in this region 

indicated thai ihe individual curve--, would be -o close 

together as to be almost indistinguishable. 

The curves of ligure l~>. like those of figure 12. were cross- 

plotted to give buckling stresses for the intermediate values 

of b.ilt.i that appear in figures 2 to ">. 

Preparation of final curves. The procedure used in the 

preparation of the final curve* of figures 2 to ö is illustrated 

in figure  Hi.     An outline of this procedure is as follows: 
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-T :LluilHliMin-:>H"\   Hill |i.inil>wim"- r* 
i i,.Mt .1-it-i with III-MUH cnrvt's for ~\> 

(1)  0,,,w curve for column stroiifrth corresponding lo ll..' 
vl, of p .Mor Uu. ,mnM n-oss s,HH.nl'or .1,, ,-urv,s«,l 

(llis „-„fr..  .!,.. .,.!."....  curve  f»r 24S T a  ,m,num J 

''"^TlMo'Nl-  values of stress  for  local  buckling .""I ^    >    liplills, ,h, paramCer ; f' (. in Ii 

i-i r-Hur ' P-i <;'•;«»«-• """' ""• — ",,,ls"' ,lH' I ,.lirvM lllk|1I1 r,)m ,ipiirw 2 ,o * 
runrno!i":;-iihi;u,,'(.s;,-1,iltil  n.-, —..„- i „„*,.,...»,, ,,«.,„,,,„.„.«-, 
Innikli.«  sinn«  ....<!   looal-faiiuro  s,ross     '«''»*   '»'^f^    j    „,,. t(.sl ,,„,„ for J"     0.4 exists 
,,„„,. firs, lor (Los,, curves l'or wlnch «es, data wo,e ^ ■"!»> '    •    | />„■ 

....:..: .„.„•,.,-,. Ihen faired in ii manner oons.stonl    |     , ,n „,.,,,.,. ,„ m.,ko it pos> 

,.,1  iis  the sole LCuidc 

id test data.— The 

,.„„„; ,!„. available  K-st   «lutii   were  use, 

I',,,. f.,i,.iiiir llic curves in tin-so oases. 
Correlation between design curves ana n 

,es,da,aorreferenee2aswollas.he;,dd,.^ 

available  since   the   publication ol   rolorenec  2 «m   1>">"< 
/,f    inli<:uresl7lo20.    Appropriate 

„.,!,;, lor. hose curves for which, es, ,l„(» were avaUa-e 
;,„. „.milinm, curves were ,hen faired ,„ ,, manner cons.s.en 

with the curves alreadv o>labh:-he< 

f, ;ire also drawn in these lig- 
.,.„ the final design curves and 

„„..es, data for,^    0.4 ex.s.s throughout the ran.e of the 

hihi      ,n ,„,,,„. (o'n.ake it possible, if desired, to «-heck tho 

,)1T,lilüollonalarirer-scaleplo.,.hetest data lor ,*- -u.:i. 0.4, 

T      IW      -^ , 
m(    ii((M| ,lKlt  ,,,„ (,„.V(,S did no,  follow the smooth trans,- ^ „ m n  ,„.„, „„;,„,,,„ for plottm^ 

,    b,,ween colunu, «...I local failure md,ea,od by hpnv I.,.    ,    . "^     • >      ^^,,,,„,^,^.2 to.).  TahleT ami h.ures 1 - 

,.». desi-n charts are substantiated by test data anil >" w H( 
^ions tty were, obtained by interpolat.on or extrapolate. 

s     e  en bel,,w,heln,cld,n,s,,vss,,ven by laurel,     n 

t    follow verv nearly a slraurht line u„ to the average s„e,s 
Nailure.     Noexplana,,onis,.ll'eredfor,h,sphenon1- 
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Figures 17 to 20 iiidicute that there would he little differ- 

ence in the curves for ,-=0.:5, 0.4, and 0.5 but that the 

curves for .-=0.2 and probably 0.7 would be lower than 
0,|- 

those for i- -0 4.    The most ellicient use of material will 
On- 

therefore be realized if a value of fV'ir between 0.3 sind 0.5 
is used.    Jt  is for this range that the design charts »re in- 
tended  to be used, although (hey »re based on the specific 

data for i'F =0.4. 
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I. 411.1 , 
1.4.11 
1.4.1« 

1.42« 
1.41.1 ' 
I. 404 
I. »Ill 
I. »SI 

l.»ii.1 
l.lllll 
l.»»l 
I. »20 
1.3117 

1. 211.1 
I.2S4 
1.271 
1.2I1S 
1.2.Hi 

1.220 !   1.22S ! 
1.20.1 1   1.212 
I. III!      I. HIS 

1.(1.1.1 : 1.(17(1 
1.11:111 ! l.li.KI 
1.(107 I I. «211 
1..1S.1 : 1.(103 
I..H15 ! 1..1S3 
1.5ill I 1..H13 

I.52S I 1.515 
1.512 ! I.52S 
1.4!»! I I..112 
1.4X2 i 1.411; 

l.li.3.1 
I. «Ill 
1..1NS 
I..K17 
1..1I7 
1.5211 

1.512 
l.-lim 
I. 4SI 
I. »17 
I. 45» 

I. 141  i 1.4.1.1 
1.1211 ! 1.11» : 
1.417 j l.l»l 
1.107 I 1.420 
I. »07 j 1.400 

I.37S j 1.31HI 
1.3111   I 1.372 
l.lll.l I I.».m ■ 
!.»»() : 1.311 

1. 32S 

I. »1.1 
l.»0» 
1.2112 
1.2S2 
I. 27» 

I. «4.1 
1.1122 

1.717 1.711S ! 1. 7711 
I. «!lll I I.7IHI I 1.711) 
1.11(11 i I. IIS» I 1.721 
I. «Ill I 1.11.111 I I.«!«', 
l.lil» I l.ll:lll I 1.1172 
I..HIS I 1.111.1 I I.Ü41I 1..1SII 

1.5112 i 1.57S ! I..10.1 I I.I12S 
1.544 I I..Hill I 1.17« I ICO« 
I..12S I 1.51» i 1.1511 I 1.11*1 

112 i 1.127 i 1.112 I 1.57» 
I.-HIS 1   1. IS.» j   1.41)7 I   1.512 I   1.527 I   I. SSI 

l.»17 

1.305 
1.2111 
I.2S3 
1.273 
1.204 

1. 244 
1.227 
1.212 

I.-Hill  I 1. 1X1 
1.1.17 I 1.471 
1.445 I 1.4.1S 
1.433 i 1.41« 
I. 122 I 1.431 

1.102 i 1.115 ; 
1.3S4   I 1.30« I 
l.»«7 ! I. »711 
I. »52 I 1.»«» 
I.»»S  I I. »IS 

I. MS i 1.512 
1. ISS ! 1. HIS 
1.172 I I. IS.1 
I. 111!) I 1.173 
I. IIS I I. 4(11 

1.427 
I. 107 
1.300 
1.373 
1.31Ü . 

l.lllll 
1.4 111 
I. 401 
1.3X1 
I. 3«0 

1.32.1 I 1.33.1 I 1.31.1 i I. »55 i 
1.313 i 1.322 I 1.332 I 1.3I2 j 
I. »112 
1.201 
1. 2S2 

I. »II I I. »211 I I. »20 
I. »00 I 1.300 ! 1.3IK 
1.21)0 I   1.2110 !   1.3117 

I 252 !   1 2«(l     1.211» !   1.27« I   I.2N1  I 
1.231      1.211       1.2411 !   I.2S1  i   1.2(1» 
1.21»      1.22.1 i   1.2112 :   l.2:i!l  :   1.21« 

1  S20 i I.SC2 : 1.013 . 1.011   ■ 
1.7S1I I I.S2S I 1.SI1S 1 I.'.HIS 
1. 7(il> i I. 70S i I.S3« I 1.S74  i 
I 732 I 1. 7«0 : l.sllll i LSI» : 
1.707 I 1.743 I 1.77H i I.SI4 
I. «SI j I. 71« I 1.752 j I. 7.S7 

l.li«2 i 11105 I L72S I 1.7111 
l.lil I I 1.1173 I 1.70.1 I I. 73« 
1.(121 I 1.1113 : I. «SI I 1.71.1 
Limn : I. «»I ! I.lilil I I.IÜM 
I..IS« I I. (ill ! 1.(14.1 1 1.1174  ' 

l.lllll 
I.4S7 

1. !«l 
I. II» 
1.113 

1.375 
l.lllll 
LUIS 
1.»»« 
1.32.1 

I.11IHI 
I.27S 
1. 2C.II 

;7(i < 

1. iss 
I. Hi« 
111« 
1.127 
1. 110 

«IS :   1.1127 i l.li.HI 
1S2" l.l'.HI ! L«»S 
»17 1.101   i l.«2l 
112 1.5711 I l.f.ll.l 
i»S LSI!   j l.S'.l« 

LSI» 
l.lllll 
I. Ills 
1. 110 
I. 1»! 

1.5»7 
1.113  : 
1.1111   : 
I. 170 i 
I. 1.11 

I..K12 
1. 13« 

I. 102 
1. 172 

1.131   I 1.1.11 
1.11»  I 1.137 
1.103  I 1.121 
I.:IS!I i 1.107 
l.»7« i 1.3!l» 

l.»lli 1.11.31 ! 1.317 1.3«» 
I.2!I3 1.30» '■ 1.322 | 1.337 
1.273      I.2S7      1.301   i   I. »II 

l.lllll I   l.lil 
l.»SO i   L»!l!l 
1.»«« 1..3S5 
1.351 1.371 
1.342 1.3.1!» 

I.1IS.1 2. 027 2. O'iS 2. Kill t 2. 1.11 
l.'.HS  i l.!l»7 2. H27 2.0(17 1 2. 11« 
1.1112  [ 1.0.11 LOS!) 2.027 1 2. IK.5 
I.SSO 1 1.017 1.11.14 I.UIHI 1 2. 027 
I.SI'.I , I.SS.1 1.1121 I.OSI 1 1.1)02 
l.»2I  j I.S.Ki I.S1HI 1.1)24 1 1.1151) 

1.705 1 I. S2« l.slil I.SII5 I.02S 
1  770 i 1.SH2 I I.S1II : 1.SII7 I I. Ml» 
I  747 I I  77» I 1.S00 ' I..SKI i 1.S72 I 
1.72.1 : 1.7.1.1 ! 1. 7S.1 ; I.»Ill I LSI« j 
1,7114 I 1.7»» I 1.711» i 1.702 I I.S22 

LIISI I 1.713 : 1.742 '. 1.771. 1 I. 701I i 
l.lli;« 1 I. «01  ( 1.722 ■ 1.7411 I 1-777 
l.lil» i 1.117.1 ' 1.703 : I. 7311 I 1.717 1 
1  «32 ! LOSS  : I. «s.1 : I. 711   ' 1. 7»S | 
1 111« ! l.«42  : 1.(1117 : 1.1111.1 ' 1-710 I 

I. 
I..Hill .   I. 
1.13« 1   I, 

1. 10»     1. 

«II 

11» 

l.illlil I, ««0 ' I 
1.1107 I.II3II ■ I. 
I. Will !   I. MB ' I. 
1.5.1« •   1.57.» ! I 
l.1»l -   L.1.1.1 I- 

1.474  i 1.401  ! I..II» I 1.5»» ! L 5.1»    I 
1.4.1(1 ! 1.475 ! 1.40-1 : 1.514 ! 1  1»3    j 
1   44(1 I 1.45»  1 1.477 1.411.1 ! 1. .111     ! 
1.425 1 1.41»  I 1. Hid I 1.47» ' I. I!»i    i 
I.-Ill   , 1.42»  I 1.44.1 I 1.41.2 i I. 470    : 

1.370 I I.3U.1 i 1.411 i 1.427 ! 1.41»    j 
1  3.12  I 1.3117 i 1.3SI ' 1.30« ! I. Ill     I 
I   32S  ■ 1,1112 I. »Si l.»70 ' I   »SI 
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1.S0S 

4 71S 
1.721 
I. ««7 
I. 

1.1131 
1.1112 

1.7.01 
1.7.4« 
1.532 
I. .'.IS 
4.KI7. 

1.4X1 
1.47.9 
l.4:l'.l 
1.421 
I. 4114 

I.3SS 
1.374 
1. mil 
i.:i4s 
1.337 

1.311 
1. 2S9 
1.1110 

1.S10 ! 4X7.1 
1. SCW 1 I.X39 
1.77S : I. fills 
1.75(1 1.7711 
1.725 1.7.12 
1. 71HI ■ I. 727 

1.I17S : 1.71H     1 

1 11:17 1. mil 
1.I1IS I.111'.' 
I. dim 1 1.112:1 

1.5X4 ! I. «HI 
I.5T.X I 1.7.9(1 
1.7.53 i 1.7.71 
1. 7.3(1 i I.,'Hill 
1. 525 i I. .1 HI 

1.5ml i 1.7.211 : 
1. 47S I 1. Kill 
1.4.17 1 1.474 
1.4:1s j 1.455 
1.4211 ! l.i:ill 

1.4(14 i 1.4211 1 
I..IS« i 1.4114 
1.371 
I..1112 
1.350 

I..Til 
1.3ml 
1.2X0 

1.370 
I..-1114 

l.:i:lll 
I.3I2 
1.2111 

I '1.17. : I «:IS ' 1.(1711 , 2. IHI.l , 2.0:15 2.1111s 
1 S7I i 1.11(12 ! l.ltCI 1 I.mil 1 1.995 1 2.1127 
1 X3S I I.SliS I 1.S1I.H I l.«2S I I.95X ' I. «Ml 
1 MIS 1 I.s:i7 : i.sin; 1 l.s«.i 1 1.921 1 I. «53 
1 7SI1 '• I. »IS ! I.s:lll I I. SCI i l.S«2 : I. «211 
I 7.11  i I   7SI , 1.SI11I I l.Sllli ! I.SIVI  i I.Slltl 

:i(i I 7".li 
1.7:1:1 

1.I1SI1 i   1.71(1 
1. in»! ; 1. mm ! 
1,1117 1   1.(17(1 

I.7S2 ! l.sii« ! l.s:i.r. 
I. 77.S !   1. 7s:i  !   I. Ml« 

2. IIKI 

•I 111« 
1.11x2 
I. II Is 
I. «17 

I. 
I.s:ll 
1. S(l« 

1.71:1 : 
1.1111:1 i II! 

1.7(11 
1.7:1« 

1.(12« 
1.1112 
1..1(111 
I. Ml 
1.7,011 

1. 7.3(1 
1.7,14 
1.4112 
I. 172 
1.47.3 

1.43.1 
1.41(1 
1.4(14 
1.311(1 
1.377 

I. 34S 
1.323 
1.3(12 

1.(1.11 1 1.1174 
I. KM I 1.11.111 
1.1117 i 1.I13S 
1.(1(11 I 1.(122 

. 7.SI1 . 111)11 

1.IS I   I. 
I .133 I 1.7.7.1 1.7.7(1 I 1.7.SS 1 1.11(17 : 1.112.1 
I  7,1(1 I 1.7.27 1.7.47. I 1.7.1,3 ! I.7.SI1 ; I. .Ids 
I. ISS i 1..111.1 I   I..122 : 1.7,3« ■ I. 7.7.(1 ■ 1.7i7:i 
I. 41111 I 1.4S.1 I   1. .1111 I 1..1IS ! 1.7.34 1.7.7.« 

1.1.11 I 1.4111! 
1.134 ! 1.41« 
I. 4111 I 1.4.13 
I. III! I I. IIS 
1.3(11 i 1.4(14 

1.4X2 I 1.4«x 
1.4114 I 1. 17« 
1. IIS i 1.4112 
1. 4.12 i 1. I 111 
1.4IX I 1.4.11 

1.7.13 : 1.7.2« 
1.4(14 1 I. 7.11« 
1.477 , I. 1(11 
I. 41») i 1.474 
I. 147« i I.I.IS 

1 301 ! 1.373 I.3SI1 I l.:l«s i 1.41! I 1.423 
I 337. ! 1 347 i I.3.1S I 1.3711 ' 1.3-XI ! I.WI 
I  313 ,   1.323 !   1.334  I   1.347.      1.3.11!      1.3117 

2. 133 
2. IIS« 
2.(11« 
2.1111 
I. «711 
I.(Ill 

1.(113 
1   SSI 
I   MS 
I.S33 ■ 
l.Sll'.l 

l.llllll I 1.71(1 I. 711 : I. 7111 
1.1177 t I.lid« ! I. 721 i 1.743 
1.11111) I 1.I1SI : 1.7112 i 1.721 
1.(113 I l.lllil ! I. «si ' I. 711.1 
1.(127 ; 1.1147 : I. «07 Miss 

1.7.117 I I.(Uli i 1.(137. I 1.117.7.     I 

2. 17,1 
2. Ill« 
2. 111!« 

1. 7 is 

I. 71.1 
1.1113 : I. us« 
1.111.1 1.117.1 
1.7,1X1 i 1.1,21 
1.7,111! :   1.7,(1« 

1.7,14 ■ 
1.7,21 ! 

I. .10« i 
1. ISS I 
1.472 . 

1. 43(1 
I   1,11 

1.7,711 
1. 7,7,4 
I..13.1 
1.7.111 
1. 4(1« 

1.4(11 
1. I2X 
1. 311« 

!. 127 
:. nxs 
'.. 117,2 

2.327 i 2.3(12 : 2. 17,7 ■ 
2 271! ' 2. 33« ! 2. 4111 > 
2. 22(1 I 2. 2S1I ! 2. 31« i 
2. IS.1 I 2.213 ! 2. 3111 , 
2. Ill, 2. 2111) ! 2. 27,11 
2. Hill ( 2. Ill" ! 2.211 

2. Ills ! 2.11711 ■ 2. 123 I 2. 17.1 
1. «sil i 2.U37 : 2. IISS i 2. 13s 
I  «7,11 ' 2. lllll! : 2.11.17' : 2. 1(14 
l.«2S ; I. «7(1 2.1121 ■ 2.1)71 
1.(1112 I l.'.lls i 1.(1«! ! 'J. Uli 

I.S77 I I.«22 : 1.(117 2.(112 
I. S53 i 1. S|i7 i I. (111 ' 1. «s I 
I  S3II I I.S73 ! I.«Ill : 1.(17,(1 
I   Ml« ' I.S.11 I I.S',12 ! I.«31 
1. 7s(l 1 1.S3II I 1.S7II ' 1.(11 I 

1.7.11 j 1. 7(1(1 i 1.S2II | 1.11117 
1.77,4 
I. 721 
l.IKH 

1.1131 i   1.11(14 

I 
1.I1SI! 

I.I1II7 

1.7111 1 1.S2S 
1.77,7 I 1.7(12 
1.727, ! 1.75« 
I. Illlll i 1.72« 

1. 7IIII 
I.5SI 
I. 504 !   1.7,(13 
1.7.44 !   I. 

I13S i   I. 111!« 
1.1147. ! 1.1177, 
1.1121 i l.ti.lll 
1.01X1 I I.I12X 

1.13 |   1.7.SII !   1.(1(17 

I. 4SI! i 1. 7.111 
1.47.1 ! I. 174 
I. 121      1.442 

1.7,35 I 1.5(11 
1.4(17 i I..121 
1. 1111 ■   1. IS 

■111« : 2. «id 
37,(1 ! 2.417 
312 :  2. Ulis 

. IS« 

1112 

I. (mil 
I.SI15 
1.S27 
1.7(13 
I. 7111 

1. (147. 
I. '.»1-2 
1X02 
1. S2(i 
1.7113 

2. 17.1 
2. 121 

2. 2SII l 2. 332 
2.2111 ' 2.2(1(1 

2.153     2.202 2.251 
2. 11(1     2. 1(17 2.217, 
2. IIS7 ■ 2. 133 ! 2. l.MI 

2.(1. 
2. II2S I 2. (172 
2.(1111  ! 2.(141 
1.(17(1 ' 2.(117 ! 2. U.V. 
1.051   : 1.(1(12 ;  2.(13: 

2. 1 17 
2. III! 
2. IIS7 

I. «S3 
I. «.IS 
I.SdS 
I..Slid 
1.S2I! 

1.732 1.7113 I 1.704 
1.7115 : 1.735 i 1.7(15 
1.(17(1 ! I. 7IIS I 1. 737 
1.11,111 i I. OS I I 1.712 
1.1134 i 1.1.111  I I.I1SS 

1.7.S5 ! I.(11(1 I 1.(13.1 
1.511 , 1.7,117 1 1.5(1(1 
1.7,(17 1.7.2« : 1.551 

1.717 
7 i',51 

. 131 

2. 5!KI 
2. 53(1 
2. IS5 

2. 137 2.3x4 
2 311 2.3(12 
2. 3(11 2. 35(1 
2 202 2. 3111 
2. 22(1 2. 273 

2.1(12 1.237 
2. lllll 2. 21)4 
2. 12« ! 2. 172 
2 IIKI 2. 142 
2 1173 2.114 

2.1122 ! 2. (lllll 
1,(177. ' 2.1112 
1.1133 i i.mis 
1 x'.M I.1I2.X 
l.x.lx 1.S1I1 

1.S25 
1.7115 1 
I. 711(1 
1. 7111 
1. 717. ! 

1.00(1 I 
1.I1I3 ! 

1. S7.7 
I.S27. 
1.7(15 
I.7IIS 
1.742 

1.11X5 
I. Kin 
1.5(14 

2(1 
311 

31 
32 
33 
34 

.54 
50 

115 
70 
7.1 

" 217 2 299 
2. Id« i 2. 24(1 
2.151 1 2.2(12 
2.113 ! 2.1«! 
2.(177. , 2. 12(1 
2.(139 j 2.11X2 

2.1X15 I 2.(147 
I. «71 
1.1144 
1.(117 
I..SMI 

I.SOfi 
1.SI2 

I   1.S20 
!   1.7.19 
]   1.779 

i 1.742 
I. 70s 
I.C7X 
1.(14(1 
1.(123 

2. in: 
I.IIS4 
1. 955 
1.1128 

1. 91)2 
I.X77 
I.X54 
1.S32 

2.351  ' 2.1113 
2.299 I 2.3411 
2.2.11 I 2.299 
2. SKI i 2. 27.2 
2. 104 ! 2. 2(19 
2. 12(1 I 2. 1(19 

2.(1X9 I 2. 131 
2.1155 I 2.1191! 
2. (I'il I 2.1 »13 
1.993  I 2.1131 
1.9115 I 2. IHI2 

I.93S 
1.1113 
1.XS9 
l.si»'. 

1.X12 !   1.SI4 

1.773 I 1.SI1I 
1.73S ! 1.7117 
1.711« I 1.734 
1.(17« I 1.7(11 
1.1149 | 1.1175 

1.974 
I.1 

1.923 
I.SWl 
1.S7 

1.S35 
1. 7«7 
1. 7112 
1.731 
1.7(11 

1.7,99 1.1124 
1.577 I I. «II 
1.557 I I. Kill 
1..137 I I..'»'») 
1.519 i 1.741 

1.479 I 1.49« 
1.445 i 1.4(14 
1.41« ! 1.433 

1.(11« 1.(174 
1.(125 l.«49 
1.0113 !   1.C.2I! 
1.5X2 !   1.(1115 
1..M13 1   1.5X4 

1.7,19 1.530 
1.4X2 ,   1.5(11 
1.4511 !  1.41« 

2. 155 2.5(1(1 
2. 3!KI 2. 449 
2.347 2. 395 
2. 299 2. 315 
2. 2.14 2. 299 
2.212 2. 27,(1 

.... •>  ')K 

2. Lid 2. 177 
2. 1112 2. 141 
2. (1711 2. II7X 
2.1139 2. 07(1 

2. lllll 2.01(1 
1. 9X3 2. «IK 
1. 97,7 1.991 
1. 932 1. 9«i 
1.909 1. 942 

1.SC.I! 1.X97 
1.S2« l.s.lll 
1. 791 LSI« 
1. 77« 1.7X5 

l.lilld 1.724 1 
1.1173 l.«9X 
1.049 1.C.73 
1.(127 1.114« 
1.000 1.(128 

1. .I.V.) 1.579 
1. 7,20 I..538 
1. 4X5 1. 5(12 

2. 5.19 
2. Ill« 
2. 443 
2. 392 
2.314 
2. 299 

2. 1K1 
2. I III 
2. 113 

2. (Ill ; 2. «13 I 2.715 
2.519 i 2.7.111 I 2.(11« 

2.510 I : 
2. 43X | 2.4X5 
2.3X9 | 2 433 
2.342 1 2.3X1! 

2. 531 
2. I7S 
2. 429 i 

1. XStl 
1.XI7 
I. »12 
1. 779 

1.722 
l.USHi 
1.1172 
1.1119 

1.599 
1.557 
1.520 

I, «15 i 1.915 : 1. 
1.S75 I I. «Ill I 1.932 
1.S39 ! LSI»! I l.S()3 
1.SII.1 | I.S31 i 1.S57 

74 I   1.70(1 
1.741! I 1.7711 |   I 
1.719 I 1.742 
1.1194 i 1.717 
1.1171 j 1.1193 

I. (119 i 1.039 
1.575 I 1.594 
1..137 I 1.7,54 

1.739 
1.714 

1.1.12 
1.7.72 

!. «d« I 
!.«30 i 

. 5'il  ! 

.472 ! 

2.2«d I 2.341 
2.27« i 2.2«« 
2.2211 I 2.2(10 
2.1X4 I 2.223 I 2.2111 
2. 17,0 ] 2. 1SX I 2. 225 

2.0S2 2.119 I 2.15.1 I 2. 1(11  - 
2.1153 i 2.0XK I 2. 123 ! 2. 15(1 
2.1125 | 2. mm ! 2 0(14 I 2. 12S 
1.9119 I 2.(03 1 2.0«! 1 2. Odd 
1.974 j 2.1X17 I 2.113« I 2.072 

l.«2K I 1.117,(1 I 1.9110 | 2.(121 

M1I3 i 
!, 7.7.9 I 

!. 33X 
'. 29« 

2. 331! 

2.117.2 ! 2. Ill 
2. [K)4 i 2. (1(13 
I. '.lllll , 2.(117 
1.1120 I 1.(174 
1.SS3 I 1.(137) 

1X19 I. Sdd 
1.S1S i 4SI»! 
1. 7S9 
1.7(11 
1. 73« 

1.(179 
1.1.31 
1.589 

4X37 
I..SIX! 
I. 779 

'.. X99 
1.X2X 
!. 7(11 
!. 702 

I. 592 
:. .113 

227 ! 2.2119 i 2.371 
. 191 I 2.2111      2.334 
. 1112 I 2.231      2.29« 
. 133 I 2. 199 
. 104 i 2. 1(19 ■  2. 234  1  : 

3. 079 3. 1X3 3. 2X7 3. 2111 3. 495 
2. «99 3.1)119 3. 19« 3. 2119 3. 399 
2. «25 3.021 3. 117 3.211 3.310 
2. X7.C. 2. 949 3.012 3. 135 3. 227 
2. 792 2. SX2 2. 971 3.0111 3. 151 
2. 732 2. S19 2. !XXi 2. «92 3.117(1 

2. «7« 2. 7(10 2. S44 2. !'2K 3.1112 
2.1121 2. 7115 2. 7X1! 2. XI« 2.114(1 
-' 7.75 2. «7.4 2. 732 2. XII 2. SIX) 
2. 52X 2.1105 2. IIKI 2. 77« 2. X31 
2. 4X5 2. 5.19 2. (133 2. 7IIX 2. 7X2 

2. 444 2.5111 2. 5XS 2. 111!« 2. 732 
2. 10.1 2. 475 2. 515 2.1115 2. «Sli 
2. 31« 2. 431! 2.501 2. 7,73 2. (111 
2. 333 2.399 2. Ilill 2. .533 2. 7.99 
2. 299 2. 3(14 2. 429 2. 494 2. 7.59 

2. 175 
2. 122 2. IXI 
2.1173 i 2. 130 
2.112X ] 2. 0S3 
1.9X7 j  2.039 

2.2119 I 2.3111 I 2. I'il  ! 
2.2111 I 2.29« ! 2.37« 
2. IS« i 2.213 I 2.2(1(1 : 
2.137 I 2.1(11 ! 2.215 . 
2. Olli I 2. 143 I 2. 1115 1 

.4S5 I 

.417 i 

!. 2«« I 
!. 247 I 

3. 5«d 
3. -lllll 
3. 41X1 
3.32(1 
3.24« I 
3.1«; 

3. 09« ■ 
3. 03(1 
2.'.«1« 
2.1111 
2. X5ti 

2.X05 
2.77»; 
2. 7111 
2. «»1 
2.1124 

2. 7,47 
2. 177 
2. 112 
2. 353 
2. 2«d 

l.lllil 
1.1114 I 
1.XS2 i 
1.X.11 I 
I.X23 I 

l.'.l'.l« 
I. Ill 12 
I.Ü2X 
l.SIXI 
LSI!« 

1.719 : 1.7110 
I.«« i 1.7115 
1.(121 ,   1.07« 

2.111» 
2.1111 
1.974 
1.(141 
1.9(1« 

l.SIXI l.KIO 
1.712 I 1.7X0 
1.1193 I   1.72X 

3. 7111 ' 
3.7.9(1 
3.5(17 j 
3.413 1 
3.330 1 
3.252 

3. 1«0 
3. Ill 
3. 04X 
2. 9X7 i 
2.93(1 ! 

2. X77 ! 
a. sai 1 
2.77s ! 
2.73:1 : 
2. 0X9 I 

2.099 i 2. II« 2. Id« : 2.219 
2.07,11 1 2.107 , 2. 17.5  ! 2.2113 
2.021 1 2.1X17 j 2.114 j 2.1«! 
I. «XII j 2. (Will I 2.1175 I 2. 1211 
1.953 j 1.91«! j 2. IIKI 1 2.11X3 

l.XX« I I. 92« i 1.900 I 2. (XXI 
I.X17 I 1X51 1 l.Sill   I I.'.US 
1.7(12 j 1.797 ! 1.S32 I I. SIX! | 

3. X07 
3. «99 
3. 7,99 
3. ,KX> 
3. 4-2(1 
3.339 

3.20.1 
3. 1(13 
3. 12« 
3. (XV4 
3. (X17) 

2.949 
2. X90 
2. X47 
2. 799 
2. 754 

2. «19 !    2. 071 

2. H« :    2. 402 
2.351  i    2. MS 

2 2«« 
2.27.1 
2.-.117 1 
2. 105 1 
2. ISll I 

2.31« 
2. 299 
2. 253 
2.21(1 
2. 17« 

J. (HI) I 2. «SO 
1.905 I 2.002 
1.901  1     1.93«    I 
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TABLE 2 

V\U'ES 01' AJU FOR FLAT PANELS WITH Z-SKCTIOX STIFFENERS.    f 

h.ilh 
!•«■!!«■    |     ._,„     |     .ji 2S   I   29   I   :m 

= 0.4. 

:14    I    3«    I    38    |    -III 

3(1 
37 

St2 

I. 1113 
:iss 
373 

231 
221 
211 
2(12 I 1 
I IM | 1 

1S7 j 1 
ISO I 1 
174 I 1 
111« | I 
1112 ! 1 

1.10     1 
13« |   1 
130 I   1 

34X 
331) 

.12.1 | 
31.1 
30« 
2117 

317 
307 
SIX 

2110 
2X2 

211« 
201 

219 
237 
227 
21X 
20'J 

201 
193 
1X7 
1X11 
174 ! 

nil 
11(1 
139 

319 
33X 1 
32X ! 
3IX I 
3(1» 

300 
292 
23,1 

.31)0 I 

. 319 I 

.339 1 

. 329 

. 319 

.310 I 

.302 I 
SI I i 

.2X7 

.271) 

. 2(10 
. 2.11 
. 213 I 
.213 ! 
.221 i 

.21.1 

.207 

. 200 

. 193 
. ISO 

3.10 
339 
3311 

321 

1.171) 
I. 4.1S : 
1.411 
1. 12.1 
1.1IO 1 
1.397 ! 

1.3X1 
1.372 
1.3111 
I.:I.KI 
1.310 1 

1.331 I 
312 : 1.322 ! 
3111 i 1.313 i 
290 I 1.3(1.1 t 
2HX ! l.SIX | 

27,1 I 1.2X3 i 
2112 1.271 ! 
2.11 : 1.2.19 
210 1.21.« I 
231 1.23X 

222 ' 
211 ■ 
20(1 i 
199 ! 
192 : 

1. 2211 
1.220 
1.213 
1.211.1 i 
1.ins ! 

1. 1X3 i 
1. 170 I 
1. 1.19 

1.4.11 
1.4311 
1.421 

1.3111 

1.311 i 
I.311 1 
1  332 ; 
1.321 I 
1.3111 I 

1.301 

1.27.1 
1.2113 ! 
1.2.13 I 

1.234 I 
1.220 i 
1.218 I 
1.211 

1. 194 ! 
1. ISO i 
1. HIS j 

1. .12(1 1. .119 1. -17S . 1107 1. 1131) 1. (10.1 I 
1. .100 1. .12X 1  .1.1(1 i . .1X4 1.1112 1.04(1 1   1 
1. 4SI 1. los 1. .13.1 . .1(12 1. .1X9 1.1110 1   1 
1. IM 1.1911 Mill . .112 1..10S 1.594  1   1 
1. HS 1.173 1.198 . .123 1.54!) 1.574 1   1 
1. 433 1.1.17 1.1X2 . .101) 1.53(1 1..-..I.) !   1 

1.119 1.113 1. 400 . 4911 1.513 1  .137 :   1 
1. 1011 1.129 1.4.12 . 474 1. 197 1.520 1   I 
1.3111 I. Uli 1. 43S . 400 1.482 1.501 1   1 
1.3S2 1. llll 1.42.1 . III! 1. HIS 1. ISO !   1 
1.371 1.392 1.413 : . 134 1.4.1.1 1.17.1 ;   1 

1.3111 1.3S1 1.401  i . 122 1.412 1.102 i   1 
1.3.11 1.371 1.391   i .110 I. 1311 1.45(1 1   1 
1.312 I. 3111 I.3SII i . 399 1.119 1. HIS !   1 
1.333 1.3.12 1.371  ! . 3S9 1.40S 1.427 !   1 
1.32.1 1. 313 1.301  | . 3X0 1.398 1.4111 1   1 

1. 309 I. 327 1.344 . .'{Ill 1. 379 1.390 !   I 
1   29-1 I.3I2 1.328 . 31.1 1.302 1.378 ;   1 
1. 2X3 I. SIX 1.314 . 330 1.340 1. 302 
1.271 1.2S0 1.301  ! . Ml! 1.331 1.317 
1.200 1.271 1.2S9 1 . 304 1.318 I. 333 

1.2.10 I. 204 1. 27S 1 .292 1.300 1. 320 
1.211 1.2.11 1.208 ( .281 1. 295 1.3II8 
1.232 I. 21.1 1.2.18 1 .271 1.2S4 1.297 
1.221 1.237 1.249 1 . 2(12 1.274 1. 2X7 
1.217 1.2-29 1.211 1 . 2.13 1. 20.1 I. 277 

1.200 1.211 1.222 . 234 1.21.1 l. 2.1(1 
1. ISO 1. 190 1. 211(1 ! .217 1.227 I. 238 
1. 173 1. 1X3 1.193 : 202 1.212 I. 222 1 

1.1)10 
1.024 
1.003 , 

!.11I 
. 490 

1..10.1 
1.54« 
1.532 
1.517 

1X2 I 1.503 I 
Hill I I. IS!) 
1.17 ' 1. 17(1 
14,1 I 1.4114 

.434 

.413 ' 1.131 

. 311.1 i 1.411 

.377 : 1.393 

. 302 ! 1. 377 

.347 I 1.3112 ! 

. 334 i I. 348 I 

.322 I 1.33.1 

.310 i 1.323 i 

.SI!) ! 1.312 1 

.2X9 : 1.302 

. 207 ! 1. 27S ! 

.21« I I.2.1X I 

.232 ! 1.211 ! 

1. 7.13 . 7S2 1 
I. .21 . *.'2 i     1 

. 724 1     1 
1. (172 .ll'.IS 1     1 
I.DI9 .074 i     1 
1.02. . I1..2 1 

1. 007 ' .031 
1. 5X8 .011 
1. ,170 : .192 
1. .154 ! .175 
1..15S . .1.19 

1.523 i . 513 
I..11I9 . .12« 
1. 19.1 j .514 
I.4S3 .KM 
1.171 | . 489 

1.14« i . 405 
1.128 | . Ill 
1.109 I . 42.1 
1.392 1 .1117 
1.370 j .391 

1.302 I . 370 
1.349 1 . 302 
1.33(1 : . 3111 
1.324 i . 337 
1.314 i . 320 

1.290 i .301 
1.209 1 .271) 
1.2.11  1 . 201 

Ml 
7X0 
7.11 
721 
0!J!l 

0.14 
034 
014 

. .1(13 

. 51S 

. .131 

. 520 

. .1117 

. 4X3 

. llll 

.Ill 

. 122 

. 100 

. 390 

. 3711 
. 302 
. 350 
. 338 

31 
32 
33 
31 

1.503 I.5S.1 1. 
I..141 1.503 1. 
1.521 1.542 1. 
1. .103 1.123 1. 
I.4S.1 1. 50.1 1. 
1.4(19 1. ISS 1. 

1.454 1.172 1. 
1.440 I. 4.17 1. 
1.427 1.443 1. 
1.414 1. 430 1. 
1.402 1.418 1. 

1. 391 1.400 1. 
1.3X11 1. 39.1 1. 
1.370 I.3S.1 I. 
1.301 1.37.1 1. 
1.3.12 1.3110 |   1. 

1.33.1 1.34« !   1. 
1.320 1.333 1. 
1.300 1.31S 1. 
1.293 I. 311.1 1. 
1.2S2 1.293 1. 

1.271 1.281 1. 
1. 201 1.271 1. 
1.2.11 1.201 1. 
1.243 1.252 1. 
1.23.1 1.244 1. 

1.217 1.225 1. 
I. 201 1. 21)11 '   I. 
1. 188 1. 19.1 1. 

. DOS 

.5X4 

. .103 

.490 
75 

.400 

.447 

.434 

.411 

.400 

1.1130 
I. 000 
I..1X3 
1.102 
1.513 

I..MIX 
I. 492 
I. 477 
I. 403 
1.450 

1.43' 
1.420 I 
1.411 I 

.3X9 I   1.101 I 

.380 |   1.391  I 

3112 !   1.375 
31.1 I   1.358 I 

.330 
. 31(1 
. 301 

SI2 
-2S1 
. 271 
. 202 
. 253 

231 
217 

1.312 
1.32S 
I.3I5 

I. 303 
I. 292 
l 281 
1.27I 
I. 202 

1.212 
1.22.1 

1.074 I 
I. 048 
1.024 
1.002 
1.581 
1.5112 

I..Ill 
1.491) 
1.182 

I. K1S i 
1.1.10 ( 
1.111 i 
1.132 ! 
1.421 i 

I.3S3 
I. 300 I 
I. 3.11   I 
1.3.37 I 

1.324 
1.312 
1. 301 
1.291 
1.2X1 

1. 259 
1.241 
1 22.1 

4S4 
171 
458 
110 

33.1 
322 
311 

1.719 I 
1.1191 I 
1.005 I 
1.(112 I 
1.1120 I 

1.5S0 [ 
1.501   | 

1.513 | 

1.199 i 
I.1XII I 
1.173 : 
1.101 I 
1.149 I 

1.128 
I. Ills 
1.301 I 
1.374 ! 
1.359 | 

I. 34(1 I 
1.333 : 
1.321 I 
1.31(1 I 
1.299 I 

1.703 ! 
1.734 I 
1.707 
I.OSI | 
1.05S I 
1.(130 I 

i ! 
598 :   I. HIS | 
.179  !   I  .19(1 | 
,101   '   1  .178 
54.1 I   1.101 

712 
(ISO 1 
002 i 
039 I 
017 i 

1 .13(1 
1  .1111 i 
1.102 ! 
1. 4S!I I 
1.477 

I   4.14 
I   431 
I   11.1 I 
I  307 ! 
1.3X2 i 

1 307 I 
1.3.13 ! 
1.311 I 
1  329 ! 
1.318 I 

1.294 j 
I  273 I 
I. 2.11 

701 
077 
0.14 

0,33 | 
014 I 
.105 1 

109 
393 

37X 1 
304 I 
3.11 i 
339 
327 [ 

302 I 
2X0 

S30 | 1.874 
79S I 1.811 
708 I 1.8 in 
741   i 1.781 
715 I 1.754 
(192 I 1.729 

1.919 I 1 
1.883 ! 1, 
1.8.11  ! 1 
1.S20 I I 
1.7112 ! I 
1.70(1 I I 

9113 I 

1.705 1.741 I I 
CIS i   1.0X3 I 1.71« I 1 
OS) I   1.002 ! I 1190  i 1 
Oil) |   1.043 I 1.070 ! I 
593 I   1.024 ] 1.0.10 ! I 

170 ! . 1107 1.03«     I 
1.591       1.021 

1. 50O :   I..189  i 

I. 2(1 

41.1 

1.497 
1.475 
1.1.1.1 
1.137 

399 !   1.1211 
3X1 I   I. 10.1 
370 !   1.390 
3.18 1. 377 
340 1.304 

319 

I. 517 
1.522 
1.499 
1.479 
1. 4.19 

1.442 
1.42.1 I 
1.410 
1.390 I 
1.383 

1.3.1(1      1.3.13 I 
1.312 I   1.328 
1.291   !   I. 3110 

. 920 1 

.892 1   1 

. SliO 

. 8.10 

. 8(13 

. 7.13 
. 7.10 
.708 
.1188 

.009 i   1 

.0.14  i   1 

.1117 1   1 
. 002 1   1 

. .173      I 
. 547 ,   1 

.502 1   1 

.4X2 i   I 

. 4(1.1 : I 

. 440 

. 430 

.41.1 

.401 

.370 

. 344 1   I 

.321 

DOS ! 2 0.12 
909 i 2.012 
933 I 1.974 
IKK) I 1.939 
SOU | 1.007 

2.097 i 2. 141 I 2. ISO 
2.0.14 ' 2.097 I 2. 140 
2.015 1 2.11.17 ! 2. OUR 
1.979 ' 2.019 ! 2.059 

945 | 1.1)84 I 2.022 
.810 |   I  S77 |   1.914  !   1.9.11  |   1.988 

.813 I I.S48 

.787 I I.S22 

.703 [ 1.797 

.741   I 1.774 

. 72(1 i 1. 7,12 

700 
OS! 
003 

11011 

I 7.11 
1.711 
I (192 
1.071 

I. 884 
I. »57 
1.S31 
l.»00 
1.7X3 

1 702 

52.1 i   1. 5IS 
5114  !   I. 5211 

I..171 
1  MS 

181  I   I  .100 I 1.527 
107  j   1.487 I. MIS 
4.10 j   1.170  i 1.190 
131  I   I. 1,13 ! 1.17.1 

1.13« | 1.1.17 
i 

1.10.1 I 1.422 
1.37(1 i 1.392 

1.920 I 1.11.10 
I. Sill ! I. 9211 
I.XI14 : |. 8IW 
I.S39 ] 1.872 
1.81.1 i 1.847 

1.792 

1.731 
1.713 

1.598      1.H23 .   I. Ill» 

IMS I 
1. 528 
I..109 ! 
1.192 
1.17.1 i 

1.439 
1.1(18 
I.3S0 

1.S23 I 
1.801   j 
1.7») 
1.700 
1.711 

1.700 
1.1174 
1.044 
1.017 
1.193 

1.570 
1.549 
I..IS) I 
1.511 
I. 494 

1.150 
I. 423 ! 

2.2.10 I 
2. 183 I 
2. 139 
2. 098 
2.000 
2. (12.1 

1.992 i 
1.901 I 
1.932 : 
1.904 i 
1.879 ! 

1.854 
1.831     ; 
I. SIP.) 
I.7SS 
I. 7119 

I. O'.HJ 
1.11118    ■ 
1.041     ' 
1.015 

II 1 
1.509 
1. 549 
1.5311 
1.512 

1.473 
I. 139 
I. 410 
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<"•_ 
VALUES OF A,Hs FOR FLAT PANELS WITH Z-SECTIOX STIFFENERS.    ,)|f 

:0.4—Coiieludrd. 

is-,.™ 

I.S.1S : I.S',13 
I. sal i I. sin . 
1.791 ' 1.827 
1.760 i I. 797 
I. 7111 ; I. 7711 
I.71.1 i 1.741 

1.092 : l. 720 
1.1170 ! I. II!« 
I. CIO ! 1.1.70 
1.11.31  i 1.017 
1.01:1 I I.OIS 

i..i% i l.nai 
I .iso I i.«i3 
I..Hi I i I..V.7 
i..Lin i 1..172 
I..130 1..11S 

I.S92 
l.sl'.l 

1.77:1 

I.7IS 
1.72.1 
1.71« 
1.082 
I. I.l.-t 

1.110:1 

1.S91 

I.s::n 
I.S02 

l.'.l'.IS 
l.'.i.'.« 
1.921 ■ 
I.S'.II 
I. son 
l.s.31 

I. sol 

1.729 : 1.7.10 
I 70s 1 1.7:11 
l.ilss i l.7i:l 

1 liiill i 1.093 
1.0.111 i 1.07-1 
I.H33 : I.010 
1.017 : 1.010 : 

1..1S0 1  1.002 I 1.624 I 

I.'.Ml 
I. wo 
1.922 

l.s:i:i 
I.MI7 
I.7S2 

a iios 
2. (127 
Mis'.i 
1.913 
1.920 
l.S'.IO 

I.SOI   ■ 
I..S.-I1 
I. son : 

2. 111:1 : a. 1:1s : a. 17a 
a. ooii : a.out : a. ia7 
a.oai i a. 111:1 1 a. oso 
1. 'is 1 1 a inn i a. 1117 
1.0.10 i i.nsi 1 a.mi 
I.'.Mil I l.'.HS I 1.1177 

I.'.117 

'38 ' 1.70:1 

I. SS'.I 
I. Mil   I 

1.Ml I l.s:u; 
1.7.SS > i.sia 

I. sss 
I. sna 
l.s:i7 

a. ao7 
a. n;i 
a. us 
a. o7s 
a. 1111 
a. uoii 

i.'.n:i 
1.111.1 
l.sss 1 

a. aas 
a. ls:i 
a. 1 in 
a. mi 
a. 001 

a. "21 
1.9111 
1. '.ma 

a. 117 
a. :io:i 

a. am 

a." is! 
a. Mil 
a. 1117 

a. 01a 
a. 01a 

a. IST 
a. i:su 

a. :tas 

a. ai'.i 

a. inn 

a. on:: 

I. (HI 
1. 027 
1. Olli 

1.717 : 1.711 
i.ii'.is 1 1.7a 1 
i.r.711 1.70a 
i.iiiia i i.osi 
i.r.1.1 1 i.r.07 

1.7110 1 1.7110 : 1. si 1 
1.71.1 i 1.7110 1 1.7na 
1.7a.1 I 1.7IS 1 I. 771 

LliS'.l ! L7I1 1 l.7:i:i 

I.s:is i l.ss7 
I.sir. I i.so:i 

1.11:111 1 l.'.isl . a.o:i:i 
1 '.1111 i 1.11.17 ! a. im.i 
1  sMi ■ 1.9:12 ! 1.1I7S 
1. Mil i I. «is 1 1.9.13 
i.sia 1 1. ssii 1 1. nan 

1..111 1 1.531 j i..iia 1 
I.4S7 i 1..1II7 : 1. .127 
l.llili I I.4S.1 ! 1..HII 
1.447 ! I. 10.1 i I.1S3 i 
1.429 I 1.440 1 1.404 [ 

1.4211     1. MO 
1.41:1 ; 1.1:» 
1.399 I   1.414 !   1.4.111 

1.412 
l.:i!l7 
I.:KI 
I. »7(1 
1.3.17 

1.rai 1.34.3 I i.:ii: 
i.:ioo 1 1. :ii« i 1.3:11 
1 aso I 1.211s 1 i.-'ion 

1.7.7:1 : 1..1111 
1..117 i 1..107 
1.12:1 ! 1.11a 
1..KH I Man 
1.4x1 i 1.499 

1.10:1 , 1. iso 
1.440 i 1. ma 

1.01.1 
1. 1S7 
1..101 
1..™ 
1..110 

1.11:1.1 i 
1.1107 
1..1SI1 
1.11.10 
1.534 ! 

l.o.iii 
loan 

1.1177 I 
1.010 I 
Mils : 

l.:is,1 I 1.41m 
I.:17a I l.:is7 

1.41.1 
1. 401 

44.1 
l.i:«l 
1.111; 

1. mo 1.11:1 
1.47s : I. inl 
1.401 1 1.477 
1.44.1 ! 1.4011 
1.1:1111 1.11.1 

1.341 I 1:1.111 
1.321 ! I.:i:i:i 

1.397 
1.369 
1:114 

1.411 
l.:isi 
i.:i.Ki 

1.4112 I I. Ills 
1.47.1 ! 1.490 
1. 1.111 I   1.474 

1. tins 

1. mi 
1..1S0 

1.101 
1.11:1 
i.ia:i 

1.7111 i 
I.I'.SO 1 
1.117.11 : 1.11114 I 
l.nan 1 Mini 1 
1.004 ; I. Ililll I 

1..1SO Mill 1 

i.soa 
1.70.1 

I.SII  I   1. 

I.7IIII .  1.7i:l 

1.71.1 

1.1:111 
1..120 
l..io:i 

424  I   l.i:iS      1.4.11  !   1.401 
1.394  I   1.100 I   1.1111 I   1.1.11 

-"      I..'191  !  1.1112 1. :10s I 1. :i7'J j 

1..170 
1..1.11 
1.1:12 

1.0s I 
1 .   li.lll     : 1 .  OSS 

1. mil i 1.11:1:1 i 1. mil 
1.581 I  Mill ! Mill 
1.501 1 i.inn 1 ma) 

1.491 ■■ 1. .MS j 1 
1.450 :  1.4S1 I   1..1I 
1.42(1      1.449 !   1.4 

4.1 
l!i:il 
1.490 

12   I   11    I    in 

a. 1117 
a. 1 ia 
2:190 
a. :11a 
a. aii7 

a. an; 

a I7'.i 
a. Mr. 
a 11a 

2.1)S1 

2.021 
I. «IS 
I.'.l7:i 

1.1127 
I. SSI 
I.S-lli 
I.SII 
1.77s 

I.7IS 
1.721 
I. «IS 
1.071 
Mi III 

a 11:1 
a. 10a 
a. :i.Hi 

a. :11a 
2.271 

a. 102 

a 1:10 
2. (inn 
2.070 
2.01:1 
2.017 

1.90s 
1.1121 

I. KM 

1. 7S2 
I. 7.111 
1.720 
1.7(11 
1.07S 

2. «17 i 
2.o:lI 

2. 10:i 
a in 

a :10s 

2.21s 
a. aia 

a. i7s ■ 
a. 1 in , 
2. im 
2. OSS 
2. nmi 

a. 010 ! 
Mini . 
i.naa 
1. ssl 
I..SIS ! 

l.sin 
1.7M1 
1.7.17 
1.7:11 
1.707 

1.0.1:1 
1.600 
hallo 

a. onn 2.7no 
a. n:io a. 7110 > 
a. 177 a. 010 i 
a 12:1 2. ss:i 
2.172 2. .1:10 

a 12.1 a is 1 1 
a :isn a. 1:1.1 
axis a. :im 
a. aim a. :I.HI 
aaoa a. :ua 

2 liii 
a. n;a 

a mi 

2.012 : 
2. mil 
1. lino 
1.92(1 
l.ss:i 

l.sl'.l 
I.sis 
I.TS9 
1.701 ■■ 
1.7:10 

1.0711 
1.0:11 
l.isn 

2. S.C1 
2. 7'11 

a. is;) 

2. isn 
a 111 
a. 10a 

a. an ; 
2.21 IS 1 
a 177 
a 1 is 1 

a. 011:1 ! 
2.111:1 ! 
i.ims 
1.9.HI i 
1.91.S ! 

i.ss:i I 
I..SKI i 
I. S3) 1 
1. Tita 1 
1.70.1 i 

1.70(1 i 
l.l'.Ki ! 
1.012 i 

a. ma 

2.1:11 
2. osi 
2.0:10 
1.99:1 
1.9.1:1 

1.917 
i.ss:{ 
1..S.11 
1.822 
1.791 

l.7.'i:l 
I. OKI 
1.III.1 

2S 
29 :«) 

a :)27 ] 2. :is3 1 2.4:111 1 2.111.1 
2 27ii 2. 3:111 i 2. :is:i j 2.4:17 
2 22s a. 2x0 i 2. 332 ! 2. 3x4 
2. ins 2.2:1.1 ! 2.2x5 I 2. :i:i.i 
2 144 2.192 I 2.21(1 i 2. 2S9 
2.10(1 2.1.12 I 2.19(1 I 2.21(1 

2. (170 

1.97.1 
1.94S 

1  921 1.900 ! 1.999 ! 
l.KSIO 1.9:14  I 1-972 ' 
1 K~l  I 1.910 ! 1.910 I 
1.K50 I l.KSO I 1.922 ! 
1 829 i 1.K04 I 1X99 ■ 

a 491 2. .14.1 
2 i:ir. 2. 4XX 
2 :iss 2. t:i.1 
2 :i:i7 2. :iss 
2 292 2. 33» 

2 11.1 I 2. 1«) i 2.211.1 2.2.11 
2.0811 I 2.124 I 2. KW 2.211 
2 (US i 2.090 i 2. 132 I 2. 17.1 
2 (117 I 2.11.W I 2.1199 2. 140 
I.9KX I 2.028 I 2.00S 2. IHK : 

2. II«     2. 077 
2.111(1 i 2. OIK 
1 ami 1 aoao 
1.9.1S !   1.994 
1.934  i   1.1109 

1.790 ' i.sa:i 
1.7.14 1 1.7.80 
1.721 : 1 
l.li'll i 1 

I. S.1I 
1. si: 
1.7s: 

ai 1 1.749 

1.890 
1.8 111 
1.812 

l.llOil  I 1.091 I   1.719 ' 1.747 

1 f,W i 1.110.1 i   1.092 i 1.719 
1 014 I 1.040 I   1.000 I 1-692 
1.592 I 1.017 I   1.042 I 1.007 
1  572 I I..190 1020 I 1.011 
1.5.13 j 1.576 1.199 I 1.023 

1. 511) I 1. 532 1. 5.13 ! I. .17.1 
1 474 ! 1.194 1.514 I 1.534 
1.412 i 1.101 !  1 180 i 1.198 f  1 

1.1123 
I. SSI 
I. 843 
1. SI IM 

. 217 
. ISI 
. 148 

2. 003 
2. 5911 
2. 540 
2. 485 
2. 4:13 
2. :is« 

2.311 
2. 2911 
2. 2110 
2. 223 
2. IS8 

2.719 
2. 6.13 
2. 591 
2. .135 
2. 4X2 
2.132 

2. 380 
2. 313 
2. 302 
2. 264 
2. 228 

a 1111 2.1.1.1 I a 1111 
2.0.8(1 I 2. 123 i 2. 101 
2 11.17 I 2.091 i 2. 131 
2. IHO ] 2. Olili I 2. 102 
a. IKI1 I 2.039 i a. 074 

2. 77.1 
2. 700 .> 643 
2 5K.1 
a 530 
2. 470 

2 432 
2 386 
2 344 
a 311.1 

- 208 

.) 232 
a 199 
2 ins 
a I3K 
a 1119 

I. 9.16 
1.913 
1. S73 
1.837 
1. Sit! 

1  990 i  2. 023  I 2.0.10 
1.91.1 i   1  970 i 2.IKIS 

1.934  I 1.961 
1.S1I.1 I 1.924 
1.8.19  j 1.K87 

I. 901 
1.X60 
1.831 

2. X31 I 2.887 
2.76(1 ! 2.811 
2.695 I 2.717 
2.035 i 2. 085 
2.578 i 2.020 j 

2. 999 
2 922 
2. K5l 
2. 7.85 
J. 723 

3. Ill 
3. IIIII 
2. 951 
2. SS5 
2. 820 

3. 223 
3. 137 
3. (I.1X 
2. 9X5 
2. 916 

2. 520 j 2. 572 I 2. 006     2. 7.19 | 2. .852 

2.170 I 2.122 
2. 4311 I 2. 474 
a. 3S7 j a. 429 
2.340 1 2. 3S7 
2. .HIS I 2.348 

2. 271 
2. 217 
2 '204 
2. 174 

2.1190 
a. 010 
1.99.1 
1.9.13 
1.915 

1.710 
1.718 

1. 772 
1 744 

I.0I1X 1.093 
1.640 1.009 

1.596 ■ 1.618 
1..1.14 1.574 

1  772  I   1.799 I 1X26 
1.770 I 1.796 
1.742 [ 1.767 
1.717 i 1.741 
1.693 ] 1.710 

1.639 I 1.601 
1.594 I 1.014 
1.554 I 1.573 

2.012 
2. 501 
2.514 
2. 470 
2. 428 

1.8.1:1 I l.SXIl 
1.822 ! 1.X4K 
1.792 ! I. KIT 
1.76.1 ] I.7S9 
1.739 I 1.703 

1.083 i  1.704 ! 

1.634 I   1.6.14 
1.592 !   MHO 

2.310 I 2.3S8 
2 27.1 ! 2. 3.K1 
2.211 ! 2.31.1 
2. 209 i 2. 2S1 
2. 179 I 2. 249 

2. 12.1 i 2. 190 
2. 072 . 2. 130 
2.(125 I 2.11S6 
1.981 i 2.1141 
1.943 I 1.999 

I. «17 I 1.901 
1.873 ! 1.92.1 
1.842 ! 1.S92 
1.813 i 1.S01 
1.7X6 j I.«) 

1.720 i 1.709 
1.674 I 1.714 
1.629 ! l.mxi 

3.335     3.447     3.559     3.701 | 3.7.83 
3 245 I  3. 3.13  I  3. 400 ; 3. 50X | 3. 070 
3  102  !  3. 205 i  3. 309  ' 3. 473 I 3. 577 : 
3.085  I  3. 1.85 1  3.285 i 3. 3S5 | 3.48.1 1 
3 013  !  3. 109 j  3. a«! I 3.3112 I 3.399 I 
2.910 I 3.(119  I 3. 132 I  3. aai I 3.319 ! 

■> 702 i  2 792 i  2.883  I  2.973  !  3. «a  i 3. 151 i 3. 214 
2 019 I  2 730 I  2.824  I  2.911   S  2.999  I 3.080 ! 3. 174 
•> .199 I  2 6S4  I  2. 709 I  2. S.14  i  2. 938 I 3. 023 I 3. HIS 
•> 11" I  •> IS«  I  2 717  :  2.799  I  2. SSI   I  2.904 I 3.046 
■a .ms I a .iss I 2. «is 1 2.74x 1 a. sas i a. mix i a IISK : 

a. 400 ! a. .in i a. oai 
a. 420 !  2. 502 ! 2. .17.8 
2 389 (  2. 402 ! 2. .136 
2. 3.13 I 2. 425 ' 2. 497 
2.319  I  2.389 1 2.459 

2.2.10 ! 2.323 : 
2. 199 2.203 
2. 147 : 2. 3)8 I 
2.(111» I 2. 1.18 ! 
2. 055 ] 2. 111 

2. 390 
2. 327 
2. 209 
2. 216 
2. 1117 

2. 099 I 2. 777 
2.653 ! 2.729 
2.610 I 2. 083 
2. 50S i 2. 040 
2.529 ; 2.599 I 

2.4.10 : 2.123 ' 
2.3911 2.4.14 
2.3::0 2.391 
2.274 I 2.333 
2.221 : 2.279 

2. S.15 
2. 805 

2.712 
2.1109 

2. .1911 
2. .117 
2. 4.11 
2.391 
2. 33.1 

2 111.1 
1.977 
1.942 
l.'.llll 
1.87!) 

2. («1» i 2. 122 2. 1711 
2.029 ! 2.081 I 2. 133 
1.992 ! 2. IH2 i 2.1192 
1.9.18 i 2. («W ! 2.0.1.1 
1.926 ! 1.973 | 2. II2II 

2.2311 2.2.84 
2. 185 2.2111 
2. 142 2. 192 
2. 103 2. 1.11 
2.1100 1  2. 113 

I  Sl'>      1  85.1  I   1  898 I   1.941   I   1.984  ;  2.027  I 
I 7.14     1.794 !   1.S34 !   1.1874 I   1.914 i   1.9.14 I 

704 !   1 741   I   I 778 I   1.810 I   1.8.13 1   1.S90 I 

2.932 ' 
2. SSO 
2. 831 
2.7S4 
2.739 

2.1156 
2. .181 
2. 512 
2. 449 
2.391 

2.338 
2. 2.88 
2.212 
2. 199 

I 2. 160 

I 2.1170 
1.994 
1.928 

3. 8115 
3. 78.1 
3. 6X0 
3. 5X5 
3. 495 
3.412 

3. 334 
3. 201 
3.193 I 
3. 128 I 
3. OOX I 

3.010 i 
2.950 [ 
2.904 I 
2. 850 ' 
2. .809  I 

2.723 1 
2.64.1 
2. 573 
2. 50X I 
2.447 I 

2.392 i 
2.310 
2. 292 
2.248 
2. aw ! 

4. 007 
3. 891 
3.7X4 
3. 0X5 
3. 592 
3. SUB 

3. 425 
3. 349 
3. 27S 
3. 211 
3. 148 

3. USX 
3. ISO 
2. 978 
2. 927 
2. 87» 

2. 790 
2. 708 
2. II« 
2. 500 
2. .VII 

2. 140 
2. 392 
2. 342 
2. 296 
2 253 

2. 113 2.156 
2.1114 i 2.074 
1.1105 i    2.002 
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TABI.K  3 

VAU'KS OK  .1,7.,  KOR   KL.VT  I'AXKLS  WITH  Z-SKC'TION  STIKKHXERS.     ,'''--().; 
tin- 

b "K";K-(=--;H;>,'--o,, «)■] 

2.1 l. ;;■•/". IU! 1. 1211 1, 112 1. 1.17 1.1711 1. ISH I..5HI 

■Jl'l Mlsi Mi'.i5 i. im 1   12.1 i. mi 1. 1.1.1 1. 17(1 1. IS", 
■J7 1 ::..i-. i.nsii 1. ll'.l-. 1. inn 1. 121  i I.41IN 1. 1.12 . 1. 1(17 
2S I :n:i I.::n7 l.:lsl 1, li'.l 1 1. IDS   1 1. 122 '   1. 111(1 l.-l.ill 
2'.l i.:iin l.:i.',l 1 :;H7 ■ l.llsl 1.11IH ' 1. ins 1. 121 1. 111.1 
:M 

Mini 

l.:i|-J 

l.lllil l :ill 

inns 

MI.W 

1.11SI 

Millll 

Ml'.ll 

MIS! 

1. 1(17 

Ml'.ll 

1. 1211 

1. 1(17 

:'.2 i.:iim I.H21 I :;;i:i i. in:. 1.11.17 1.11711 MIS2 Mill 1 
:;:t i.'j'.w Mill 1 11211 1 1111.1 ; 1.1117 1. 11.1S 1.11711 1.11S2 

::l l.2'.n MI112 : 1. urn 1.112.1 | i.iiiii; i Mils Ml.5',1 MI71 :;:, I.2-S2 1. J'.Kt i l.mii 1 Linn ! 1.1127 1 Mills l.lllil   : Mllill 

::,; 1.271 1   '.'Si 1.2(111 : 1.11117 Mils 1 1,112S l.llllll MI.1II 

:17 !  2li7 1 277 1.2SS i I.2IIS Mill!) MI2II l.llllll 1.1111 
:;s I.'.'IVI 1.2711 1.2SII I.2III   1 I.IIIII Mill 1.1121 1.11112 

ll'.l 1.2.V! i.avi 1.2711 1 I.2SII 1 l.2!i:i i l.llllll Mllll 1 1.11211 
in 1.217 1.2.17 1.21111 i 1.2711 ! 1.2SI1 ! I..'!«! Midi 1.111.1 

12 i.'j:i.i 1.244 1.2.11 1. 21111 1.272 1. 2S2 I. ll'.l 1 l.llllll 

II 1.221 1. Ml 1.212 1.2.11 I.2I1II 1. 21111 I.27S I.2SII 

1 2112 1 1 2111 1 1 2111 ! 

1 2i»i 

1. I'.i; 

1.211 

1. 211.1 
1.222 ! 

1.2111 

I.21III 
1.221   ; 

1.2.'IS 1 

1.2211 
I.2H1 
1.2117 .'■> 1.211 

.v.. 1.1'.n 1. 1117 1.211.1 ! I. 212 1.2211 ! 1.227 1.2H.1 1 1. 212 

.'.1 1. IS'I 1. lll-l 1. 1117 ! 1.211.1 ! 1.212 I 1.21'J 1.2211 ' 1. 21111 
5(i 1, 1711 1.1st 1. I'.lll 1. 1117 i 1.2111  | 1.211 I.2IS j 1. 22.1 
.is 1. 1711 1. 177 1. IS 1 1. I'.lll 1 1. 1117 1.2(11 1.211 1.217 
li'l 1. ins 1. 171 1. I7S 1. ISI 1. I'll   1 1. Ill" I.2IH 1.2111 

Hi 1.152 1. 1.5s 1. Uli  i 1. 171) 1. 17(1 1. 1S2 1. 1SS ' i. I'.H 
7il 1. Ill 1. 117 1. 1.12 : 1. l.W 1 1. Hill 1 1. 1110 1. 17.1 : 1. ISII 

"' 1. 1H2 1. i:i7 1. 112 1. 1 17 I. 1.12 1 1. MS 1. Kin i. His 

1.221 
1.217 

I. ISH 
I. 1711 

I. Hill 
l.lllil 

1. 2 IS 
I. 21111 
1.2111 

I. I'.H 
1. 17S 

Mi.il 
Mllill 
I..11(1 
I. 1112 
1. 17.1 
I. I .111 

I. 117 
I. II 1.1 

l.llllll 
I 11.111 
Mill 

I.1I2S 
1.11111 
1.21111 

1.211.' 

1. 1117 
I. ISI 

I..II I 

I. 111'. 
I. 1711 
I. Ill.i 
I. I.il 
I. I.'IS 

I. 1211 
I. Ill 
Mllll 

Mill I ■   l.llsll 

I   III 
I. I2S 
I. UK 

1.1117 
Mllll 

I.2SI1 
1.2711 

1  2.11 
1.2111 

MIH.I 
Mllll 

1. 2:111 
I. 2111 
1. 2IH 

I. (Hi 
1.112(1 

I..1211 
Mint 
I. ISS 
I. 171 
1. Hill 

I IIS 
I. Illli 
I. 121 
I. III! 
1. II0 

1.: v| 

MHHi 
I. :l.lll 
1. urn; 
1.1122 

Mini 
1.2ns 
I.2SS 

I..ISH   '    l.lllil       l.llllll 

I..il.i 
I..12S 
Ml 12 
I. 1117 
i.-isn : 

1. urn 
I. 1.17 
1. 11.1 
1. 1:1:1 t 
1.122 : 

1.1112 
MIS I 
1.11117 
MI.12 
1. mis 1 

1.1125 I 
l.lllil I 
MIII2 
I. 2111 

1.2(1(1 i   I.2S2 

1.211 
1.2'M 

I. .1211 
1..111.1 

I. I'.H 
1. I7S 
I. Ill.i 
1.1.11! 
1.112 

I. 121 
I. 1112 
1.11SI 
Mills 
1. 

Mllll 
M127 
Mllll 
Mil 1.1 
1.211.5 

1.272 

I..".Ill 
I. I'.lll 
1. ISH j 
I. 1711 I 
l.-llll   1 

l.-lllll 
1, in> 
1 mi 
MIS I 
Mill!) 

1.1112 1 
Mllill l 
Mils 
Mills 

1.2S1 
I 211-1 
I. 2111 

I I.is 
I. 1117 
I. IIS 

I . :l 1 I 
1.11112 
MI2I 

I  Hin 
Mi'Jil 

1..511I :   l.lllil     I 

I. Ml 

I. .Mil 
1 .'«I 

1. 177 
1. 1.1.1 
1. Ill 
1. 117 

Mls.5 
1.171 

Mil.', 
I :l::i 

Mills 
1.2SI1 
1.2(17 

1. Him 

1.1171 
I. 11.111 
1. min 
1.H12 
MÜH 

1.57s 
1..1Ü2 
1.517 1 
I. .t« I 
1..12II I 

I. 1115 
1.4711 
I. 1.12 
l.4:l:l 
1. in; 

1.inn I 
MIS5 ! 
M17I 
M15II 
Ml 17 I 

MI2II 
1.2117 I 
1.277 

I. 711 
I  7l|i 

1.Ü74 
I. il.il 
l.lili.1 

I. .HIS 
l..il:l 
I. Ill 

t. .11-1 
IIKI 
1. 1(111 
I. 1511 
I. i:i2 

1.41.1 
l.-UKl 

M1112 
I. :«KS 
1.2SS 

25 1.511.1 l.lllil : I.HI2 1. HlHi l.ll'.Hl 1   1.Til 1. 71IS ' 1.7(12 . 1. 7S5 1  Sim 1. Xll.'l I.SM I.H2S 1.117(1 2.1121 2.1171 2. Illl 2.1 in; 2.211 2.2112 2. .'IIKI 
211 1.572 1. 511.1  i I.HIS 1  Ml 1.11(14 1   1. list! 1 1. 711(1 ' 1. 7112  ' 1. 7.55 1. 77-S 1. sill I.SI7 I.S1I1I .mis 1. '.ISI 2. (Kill 2.(17(1 2. 122 2. 1(17 2.2i:i 2. 2.1'J 
27 1.5.51 1. .1711  1 1. 511.5 1   1.1117 I. mill i   Mllll   1 l.llsn i I. 711.5 1. 727 1. 7 III 1 1.771 LSI.5 1 1. Slid  1 .'.KM 1. HIS 1. 11112 2.(11111 2. iisa 2. 121 2. Ills i 2. 212 
2S l.illl 1.5.12 : 1. 574 1. 5115 1.(1111 I   1.111(7 i 1.11511  1 l.llsll I.7III 1  722 1.711 I.7SI1 i I.S2II .S7I l.lll 1 1.115(1 Mllill 2.1112 2IISI 2. 127 2' Hill 
2.1 I..1111 1.5:1:1 1. 554 i   1.574 1. 511.1 1   l.lil.5 1. (I'll! 1.11.17 i 1.(177 Mills i I.7I.S I.7.1II I.SIHI .Sll I.SS2 1.11211 1. Illll 2.111m 2.1147 2. (IS.S 2. 1211 
:in I. IIKI 1. .1111 1.511.5 1   1. 555 1.57.5 i   1.5115 1.1115 1.(111.5  ' 1.11.11 1.1174 : 1.11111 1.7111 1.771 ,si:i 1.S51I 1.SII11 1.11.12 1.1172 2.1112 2.11.51  I 2. nai 

.11 1. 4SI! 1.  I'.lll   ! 1. .".IS 1. .1.17 1.557 i   1   5711  ' 1. .511.5  i 1. Ill-I 1. min 1.11.511 1.1172 1.7111 1.7411 .7-S7 1. S2.5 1. Sl',1 M.KI2 1.1111 l.'.C'J 2. (IIS 2.11511 
:i2 1. 111.1 1. I-Sli   1 I..KI2 1.521 I..till 1   I..15S  : 1.5711  : I..111.1 Mill 1.111(2 1.11.51 Miss 1. 72.5 . 7H2 I..SIKI I.S1I7 I.S7I Mill l.'.na MISII 211211 '!.'! 1.451 I.IIIII 1. |s7 1. 511.1 1. 52:i :   I. .141 1.5.1(1 1. 577 1. .111.1 l.lllil l.lllil I.tin7 l.7li:i . 71111 1. 77.5 I.SII I.s|s l.ssl 1. '.'211 1.11.511 1. '.1112 
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3.1 23. 2 2. 3(12 .0.147 
in 2*;. 1 2. 1112 . (I'M 
.10 22. 3 1.11.13 . (HISS : 
(10 2(1. 7 1.791 .0S12 ! 

(kips.in.i 
'..1 

(in.) 
l'W 

(in.) 
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TABLE 7 

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

Ft P, Pi P. 

65 bw br 6s bw ir - LNt b, bw 6, 
'I 

(ksi) 

i/Vc bs br br 
'1 /kips/in. \ 

7s 7i bw (ksi) / kips/in^ \ Is tw bw (ksi) ( yi'5/LD:. ^ ts tw bw /kips/in. \ 
^     in.     I 

ts tw bw (ksi) 

',"-(>. .11 '"■-0.63 

25 20 0.4 37.0 
33.7 
25.2 
14.8 

0.646 
.365 
.188 

50 25 0.3 25.2 
24.7 
20.8 

0.430 
.241 
.140 

25 20 0.4 38.9 
33.4 
24.9 

0.626 
.307 
.159 

50 25 0.3 27.4 
25.0 
20.6 

0.329 
.171 
.099 

.082 15.2 . 070 14.3 .065 13. 5 .047 

25 .4 30.3 
33.8 
26.0 
15.6 

. 550 

.298 

.159 

.066 

.4 25.9 
24.0 
22.2 
13.6 

.431 

.217 

.144 

.061 

25 .4 38.9 
32.4 
24.8 
14.2 

. 617 

.242 

.132 

.054 

.4 28.0 
25.0 
20.4 
13.5 

.323 

.168 

.094 

.044 

1 
30 .4 33. S 

31.3 
26.0 

.442 

.227 

.131 

.5 26. 5 
24.9 
22.8 

. 403 

.217 

.140 

30 .4 36.3 
30.9 
24.6 

.420 

.199 

.113 

.5 2S.0 
26.2 
23.0 

.365 

.183 

.117 

.063 
15.4 .056 15.9 .069 16.6 .055 17.2 

40 .4 28.3 
23.9 
22.5 

.295 

.137 

.090 

30 .3 25.6 
24.3 
22.6 

. 355 

.192 

.123 

40 .4 29.4 
24.2 
23.5 

.275 

.131 

.088 

30 .3 26.0 
24.9 
22.9 
16.3 

.279 

.152 

.097 

.049 
16.8 .048 15.7 .061 15.6 .042 

50 .4 25.9 
20.5 
17.7 
16.4 

'. IÖI 
.061 
.049 

.4 25.0 
23.8 
22.6 
16.4 

. 323 

.176 

.117 

.060 

50 .4 25.2 
22.1 
18.7 

.210 

.104 

.061 

.4 25.8 
26.9 
23.2 
16.2 

.266 

.167 

.095 

.048 

35 20 .3 3!. 5 
30.6 
25.6 

.644 

.358 

.211 

.5 25. 5 
24.4 
23.0 

.321 

.174 

.116 

35 20 .3 32.0 
32.8 
25.4 

.516 

.304 

.168 

.5 26.2 
24.0 
22.3 

.261 

.135 

.088 

.049 
14.9 .088 16.5 .059 15.6 .072 17.1 

.4 31.2 .611 40 .4 23.3 .219 .4 33.5 .524 40 .4 23.8 .187 

31.2 .347 22.2 .118 34.0 .306 22.4 .101 

25.8 .203 20.2 .078 28.3 .179 21.4 .067 
.040 

15.2 .086 15.7 .041 15.4 .069 17.4 

.5 31.4 .587 50 .4 21.3 .159 .5 33.5 .506 50 .4 21.5 
19.6 

.141 

.071 
30.3 .325 19.1 .080 32.0 .275 

26.4 .202 18.0 . 054 29.4 .178 17.9 .046 
.037 
.381 
.206 

13 4 . 073 15.6 .037 17.7 .075 16.9 

25 .3 32.5 
31.7 

.533 

.295 
75 20 .3 22.4 

18.4 
.591 
. 252 

25 .3 33.1 
32.4 

.430 

.243 
75 2(1 .3 22.0 

20.2 

26.6 .171 16. 5 .158 24.7 .127 15.8 . no 
16.8 .078 12.2 .084 14.4 .053 13.0 .065 

.4 30.9 
31.2 

.477 

.27* 
.4 20.5 

19.2 
.471 
.245 

.4 33.8 
32.4 

.419 

.235 
.4 22.7 

21 3 
.374 
.200 
.113 

26.9 . 169 10.7 .149 26.1 .130 17.2 

13.4 .060 12.0 .078 15.1 .055 12.5 .059 

.5 32.3 
31.4 
27.0 
14.4 

.486 

.271 

.163 

. 062 

.5 21.2 
18.6 
17.2 
13.3 

.454 

.227 

.148 

.085 

.5 32.5 
30.9 
28.2 
17.4 

.429 

.238 

.158 

.068 

.6 22.4 
20.5 
18.5 
13.9 

.372 

.181 

.114 

.064 

30 .3 31.4 
30.7 
27.0 
16.8 

.427 

.235 

.145 

.064 

25 .3 21.0 
18.6 
16.5 
13.7 

.378 

. 191 

. 118 

.069 

30 .3 30.7 
29.9 
27.9 
17.9 

.335 

. 18« 

.122 

.055 

25 .3 22.7 
19.2 
15.6 
12.1 

.281 

.134 

.076 

.043 

.4 30.7 
31.0 
27.4 
17.4 

.391 

.227 

.141 

.064 

.4 21.0 
19.4 
17.5 
12.2 

.360 

.189 

.121 

.059 

.4 30.7 
31.4 
28.1 
18.5 

.329 

.193 

.121 

.057 

.4 22.1 
19.8 
16.4 
11.3 

.257 

.132 

.076 

.038 

.5 31.1 
30.3 
27.5 
17.5 

.392 

.242 

.138 

.002 

.5 20.9 
19.4 
17.6 
12.8 

.343 

.182 

.115 

.061 

.5 30.4 
29.1 
27.6 
18.0 

.314 

.173 

.115 

.054 

.5 22.7 
20.9 
18.1 
13.8 

.304 

.161 

.097 

.053 

40 .4 26. 5 
25.6 
23 6 
16.8 

. 252 

.142 
. 091 
.046 

30 .3 19.9 
18.8 
16.4 
13.6 

.289 

. 155 

. 091 

. 055 

40 .4 27.8 
24.9 
23.8 
16.9 

.235 

.118 

.080 

.042 

30 .3 20.6 
19.6 
18.6 
13.8 

.226 

.121 

.081 

.043 

50 .4 23.9 
21.8 
20. S 

.183 

.079 

. 066 

.4 19.1 
19.8 
17.7 

.268 

. 156 

.0!1K 

50 .4 24.0 
21.9 
19.2 

.173 

.089 

.054 

.4 21.2 
21.0 
18. S 

.219 

.128 

.079 

.042 16.0 .012 13 4 . 053   14. 1 

50 20 .3 26.2 
24.0 
21.9 
15.0 

.577 

.3(H) 

.193 

.092 

.5 20.6 
19.8 
17.0 
13.2 

.272 

.148 

.089 

.049 

50 20 .3 28.2 
25.0 
21.8 
15.1 

.459 

.233 

.144 

.071 

.5 21.0 
20 2 
18.0 
14.2 

.207 

.121 

. 075 

.040 

.4 26.7 
25.1 
21.2 
14.6 

. 557 

.287 

. 177 

.087 

40 .4 19.2 
17.9 
16.8 
12.8 

.186 

. 100 

. 065 

.035 

.4 28.3 
25.8 
22.2 
14.5 

.447 

.230 

.140 

.065 

40 .4 18.6 
18.2 
17.5 
13.4 

.138 

.081 

.053 

. 02« 

.5 26.3 
23.7 
21.1 
15.0 

.631 

.266 

.170 

.086 

50 .4 17.0 
16.2 
14.9 
11.7 

.129 

.070 

.046 

.025 

.5 27.4 
25.5 
22.9 
16.3 

.410 

.216 

.137 

.009 

50 .4 17.7 
17.5 
16.0 
13.1 

. 105 

.061 

.039 

.024 
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TABLE 7—Concluded 

TEST DATA ON -WHICH DESIGN CHARTS ARE BASED FOR 24P-T ALUMINUM-ALLOY FLAT PANELS WITH 
LONGITUDINAL Z-SECTIOX STIFFEXEHS—Concluded 

~'\  I!       ! 
£/,V      "      bs    I     In,- 

(ksi) si)   '/kips/in. \        I» 

\     in.     ) . 
(ksi)   •/kil's/i-)       '•" 

ft it- br 

hi iir 

1\ 

(ksi)   Yi'!«/j»-.'\       ' 
bs b*F     I     6F ä, 

tu      j    bw (ksi) 
!(-":m) 

/n 

30 .3 

.4 

.5 

50 2(1 .3 

.4 

.5 

°1 .3 

.4 

31. ,r. (1. 47(1 
34. I .27(1 
an. ii  i . 14S 
If). 5   ! . 003 

31 " . 472 
34. ('.    j 
2<J. 7 . 1.17 
If,. K    ] . («12 

31. S . 4111 
33. 7 . 24« 
27 7    i .141 
17. f.   ; . 005 

37. n   : . 3114 
32. fi   i . 2(12 
2S. 2 . 12(1 
17.0 .0.10 

3.1 2 
33. 3 
211 3 
17. 1 

33.2 
33. S 

33. K 
32. 0 
2S. .1 
IS. II 

32. .1 
31.7 
2X. 2 
17. .'. 

31.2 
3(1. 2 
2d. 5 
17. 1 

23.4 
If.. 2 

21). fi 
27.2 
23.2 
10. i 

29.7 
2K. .1 
23.1 
10. 4 

2K. 9 
2K. 2 
24.4 
If.« 

20. 2 
2?! S 

. 374 

.an 

.123 

. (1.12 

. 3.17 

.213 

. 34(1 

.1K1 

.11(1 

. 11.12 

.313 

.173 

.1(17 

.04X 

. 302 

. 1(12 

.101 

.04(1 

. 123 

.0(11 

. 371 

. l«l 

. 11.1 

. 0.1« 

. 3(1.1 

.201 

. 100 

. 0411 

|     17.0 

I    2S. .1 

(I. 0!I2 
.04S 

23 .1 . 102 
17.2 . 0.13 

27.x . 2.1(1 
2(1 fi . 137 

.(IM 
17.0 .041 

07 0 
2(1 s 
22 
17 2 

20 « 
2-1 0    i 

17. 1 
12.7 

!    20.4 
I    14.2 

22. 3 
1«. 4 
13.3 

.3 
22. 2 
1«. 3 
13.» 

.4 24.4 

VI  1 
13. 1 

t 

.5 23. r. 
22.« 
1«. 11 
14.2 

30   :     . 3 

i 
22.3 
111. 2 

!    23.(1 
I    21.0 

i ai.« 
i is. II 
i    14. X 

.23S 

. 134 

. 07« 

. 1)43 

.234 

.122 

.(INI 

.313 

. His 

.21IS 

. 1.17 

.0114 

. (HC 

. 12.1 

.077 

. 1)111 

. 07.1 

. 037 

.242 

.137 

.(1S3 

.(Ml 

. HI« 

.10« 

. 00(1 

. (13.1 

.HIS 
. 102 
.007 
. 033 

. 0U.1 

.0(11 

. 037 

3(1. 3 
32. K 
20. X 
17.0 

30. 7 
33. 7 
27.3 
17. .1 

30. 1 
34. 1 
2K. 0 
17.2 

33. .1 
31.7 
27.3 
IS. 1 

3.1.4 
31. s 
2R. 7 
10.4 

3.1. 3 
33. 1 
2.1. 3 
10. X 

33.1 
211.4 
23.0 
15.0 

33.3 
31.0 
23. X 
1.1. 1 

32. 7 
3(1. 1 
20. (I 
13. .1 

3(1. 2 
27.K 
23. 2 
IS. 5 

31.0 
2«. 1 
24.1 
10.7 

32.0 
2K.2 
23.2 
10.5 

2il.fi 
27.1 
24.3 
17.2 

31.0 
27.7 

(I. 430 
.21.1 
. 123 
. 0.1!) 

. -UN 

. 222 
122 

!o57 

.414 

.223 

.13(1 

. 0.17 

. 333 

.1X0 

.10S 

.052 

. 317 

.177 

.112 

.047 

.3.1R 
. 1110 
. 103 
. (MX 

.21)0 

. 1411 

.0X4 

.037 

.21)1 

.103 

.0X3 

.03X 

.300 

.100 

.011.1 

. 030 

.320 

. 10.1 

.(Rid 

.051 

.322 

.107 

. 000 

.04S 

.321 
. 101 
.01)2 
.04!) 

.200 

.134 

.0X4 

.042 

.202 

.13» 

21 -1 o. os:i 
IX. 0 . on; 

3(1. X .270 
27 11 . 13« 
23 « JIM 
17. .1 .(III 

2S. 2 .213 
2.1 11 .112 
23 3 .0711 
111. 0 . 037 

2«. 0 .2IS 
27 .1 . iai 
21.X . 00.1 
10. 0 . 030 

2X. 1 .210 
20.3 .117 
22. 7 . (170 
10. 1 . 1130 

24.0 .23.1 
23. 2 . 12« 
IS. 3 . 072 
14.0 .041 

2.1. !l . 24.1 
23. X . 12s 
20.1 . 070 
14.3 .039 

20.1 . 250 
24.7 . 1211 
20.2 .077 
14. R .041 

24.2 .200 
22.4 .101 
20.7 . 000 
14.7 .033 

25. X .10« 
24. 1 .100 
21. 1 . 00.1 
14. 3 . 033 

25.5 .199 
23.1) .10X 
21. 5 .007 
14.1 .032 

23.9 .101 
21.0 .0X1 
19. 0 .0.13 
14.5 .02X 

24.2 .100 
22. X .080 
20. X . 0.10 
14.X .02» 

24.0 . 103 
22.4 . 0X0 
20.2 .«1.1 
14.1 .027 

GOVERNMENT PRINTING   OFFICE 



.Positive.directions of axes and angles (forces and moments) are shown by arrows 
^                             "                      •             v 

Asia "     "~' 
Foree 

(parallel 
foazis) 
symbol 

Moment about axis • Angle Velocities     .- 

; Designation    '"- •Sym- 
bol Designation Sym- 

bol 
•^ Positive 

direction 
Designa- 

tion 
Sym- 
bol 

'   Linear.' 
(compo- 

nent along 
axis) 

Angular 

.; Longitudinal,, ....-■ 
- r Lateral. _u—iw_ 
. Normal .'...-.......'. 

-»■■■ 

•' X\ 
■•- y ~ '    Y -■'- 

Z 

Rolling™— 
-Pitehing^--- 
Yawing.  

L Y—k ■ ■ 
Z—*X 
X—»Y 

; Eo£.„..4-!: 
Pitch....— 
Yaw -U-™. 

/ P; •-, 
T ■ 'V 

■:}~ 

'd :,:.' 
%h- '•: 

Absolute.coefficients of moment 

(rolling)      ; (pftching) (yawing)  , 

Angle of set of control surface (relative- to neutral 
position),«. - (Indicate surface by proper subscript.). 

4. PROPELLER SYMBOLS 

D~ Diameter   ■' 
p     ;   Geometric pitch 
•pjD Pitch ratio    J ,■ •        : "",    <-.';. 
V' Inflow velocity,' 
Vt Slipstream velocity     :    ,     ; 

T Thni9t, absolute coefficient 0T=^^ 

Q Torque, absolute coefficient C0=-^g 

P 

y— 
n . 

Power, absolute coefficient GP=onify 

Speed-power coefficient—-d-p^ 

Efficiency       ' ,..   "'; 
Revolutions per second, rps 

Effective helix angle =tan"?( g^) 

S. NUMERICAL RELATIONS 

1 hp=76.04 kg-m/s=550 ft-lb/sec 
1 metric horsepower=0.9863 hp 
1 mph=0.4470 mps        ^ 
\ mps=2.2369 mph 

1 lb=0.4536 kg 
1 kg= 2.2046 lb 
1 mi= 1,609.35 m=5,280 ft 
lm=3.2808ft T; 

*-v    .. 

*\~S  ''">--,"-■, 


