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CHARTS FOR CALCULATION OF THE CRITICAL COMPRESSIVE STRESS
FOR LOCAL INSTABILITY CF IDEALIZED
WEB- AND T-STIFFZNED PANELS
By Rolla B. Boughan and George W. Basab

SUMMARY

Charts ars presented for the calculatlon of ths
critlical comprassive stress - tlie stress at whiech local
Instabllity occure - for 1dealliied wieh- and T-stiffened
panals, and examples of tihie use of the charts are glven.,

TNTRODUCTION

The present trend toward the use of low-drag wing
sections on alrplanes necesslitates a wing design thet
maintains the wing contour up to high valuer of epplied
load 1f full advantage 1s to be taken cf the asrodynamic
properties of the secllon., In order that a wilng may be
so designed, the critical stress - the stress at which
buckling of the platc elements occurs - must be known
for the stiffened compresslon panels that meke up the
wing surface. Tests on I-, Z-, and channel sections,
moreover, have established the fact that a deflinite rela-
tlonshlp exists for these sectlons between the critical
etress and the average stress at maxirmm load., (See
fig. 10 of reference 1. and fig. T of reference 2,) It
i1s 1lilkely that similar relatlonships exlst for stiffened
compression panels.

The foregoing considerations make it desirable to
have, for ready use in design, werking charts for use in
calculating the critlical compressive stress of stiffened
panels., Charts have previously been presented for the
critical stress of I-, Z-, and channel sections (refer-
ence 3) and their validity has been experlimentally veri-
fled (references 1 and 2). In the present report, charts



2 NACA ARR No. IJH29

are presented for the critical compressive stress of
panels with web stiffeners or T-sectlon stiffeners inte-
gral with the skin. Such panels would be obtalned if
they were extruded as complete skin-and-stiffener assem-
blies; they may, however, be regarded as ildeallzations of
panels stiffened with angles or with T-sectlons.,

SYMBOLS
b wldth of plate element of pansl
t thickness of plate element of panel
kg nondimensional coefficlent for skin dependent
upon relative dimensions of cross sectlon
E modulus of elastlclty
v Polsson's ratio
Oop critical compressive stress
| nondimensional coefficlent that takes into account

reductlon of modulus of elastlclty for stresses
beyond elastic range; within elastic
range, n =1

Subscripts:

F flange
S skin
W web

DISCUSSION OF JEARTS

Calculatlon of critical compressive stress.- The

1deallzed cross sectlons considered in thls report are
shown In flgure 1. The critical compressive stress for
either the web- or the T-stiffened panel may be computed
from the formula
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and from the relationships tetween Oup and °cr/h

given in figure 2 for 2§)S-T sheet and XB753-T extruded
aluminum alloys. The curves of figure 2 were obtalned
from references 1 and 2 and were determined from tests

of Z-, channel, and H-cections. These curves have not
been verifled by tests of panels but, because of the

basic simlilarities of the cross sections, it 1s reasonable
to belleve that the rolatloneships can be used with
acceptable accuracy for panel cross sections.

Tor a glven section, all tho quantities on the right-
hand slde of equation (1) are movn except the value of
the coefficlent kc. This unknown valive may be determined

from the appropriete chart (fiz. 3, it, cr 5) after the
necossary dimension ratios have been determined., For the
T-stiiffened sectlons, the valuss cf kg given by the
sclid cvrves are correct for values of bp/tp of 10 or
greater and by/Hg of 0.25 or gresater.

method of preparatlon of cherts.- Values of kg used
in the prenaration of the charts were computed hy an
application of the princlples of mcment dlstrlbutlon to
the stability of thin plates. Tu reference L this method
is proerented in detaill and one example of its application
is #iven, An alternate procedure, which was used for
obtalning some of the values and for checking others, 1s
presented in detall in reference 3. Tebles 1 and 2 glve
the values of kg wused in the preparation of figures 3,
L, and 5. These valucs are the minlimm values as deter-
mined from the solutions for kg.

™6 values of ks for T-stiffened panels indicated
by the solid lines 1ln the charts were celculated on the
assunptlon that thero ls no lateral movement of the
flange.” (See fig. A(a).) This assumption is not justi-
fied, howaver, when the flange 1s of such proportlons
that it has small flexural stiffncss in the lateral
direction., The general case of cross-sectional distortion
1s of the type shown in figure 6(b), and the value of kg
for thile csse 1s less than the value calculated on the
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sgsumptlon of no latersel movement. The reduced values
of kg for small values of bp/ty are indicated by the

dotted lines near the left edge of figures l; and 5. The
dotted curves shown are for br/by = 0.3. For values

of bp/by = O.f ard 0.5 ané bgp/tp = 10 or greater, kg
is not appreciably reduced in the range of values
of by/bs 1included in the charts.

Determination of element orimarily responsible for
instabillity.~ 'hen a stiffened panel buckles, one of the
elements (skin or stiffener) ol the cross section is
prinarily responsible for the instebillty, lnasmuch as
thls element 1s no longer stable in itsself and requires
restraint from the other element until the sectlon as a
whole becomes unstable. The charts show which element
of the crocs sectlion iz belng restrained agalnst buckling
by the other element. The dashed line on each of the .
charts (fige. 3, li, and 5) shows the points for which the
skin ard the stiffener - or the skln and one element of

the stiffener - are equally responzible for the instabllilty

of the sectlon. This dashed line divlides the charts into
two regions: 1n one region the skln is primarlly respon-
sible for instabllity; in the other region the stiffener
1s primeriiy responsible for instablility. Thils line of
division on figures 3, L, and 5 was cetermined from con-
slderations slmllar to those used 1In reference % for
determining responsibillity for instability.

Studies of the efficlency of columns of I-, Z-,
channel, and rectangular-tube section indlcate that the
maximum efficlency Ior local instabillity is In the range
of dimenslicns near the point at which buckllng 1s equally

due to both elements. (Compare figs., 1 and 11, 3 and 12, .

and 5 and 13 in reference 3.) It is considersd likely
that the mexlimm efficlency for local 1instability of
1dealized penels may also be in the range of dimensions
near the polnt at which “uckling 1s due equally to skin
or stiffener, o

ILLUSTRATIVZ EXAMPLES

It 1s desired to calculate the critlcal compressive
stress for an idealized web-stiffened panel and an
idealized T-stiffened panel constructed of 2/;8-T aluminum
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alloy and for the same types.of penel constructed

_of XBT758-T aluminum alloy.
pEtiels and the dlmenslon ratlos are as follows:

The dimenslons of the two

Web-stiffened

Dimenslon or T-stiffened
ratio panel panel
by 1.0 1.0
bg 3.0 3.0
bp | eme-- 0.4
Ty 0.1 0.1
tg 0.1 0.1
tF ----- 0.1
by /bg 0.333 0.333
bp/oy | m=--- 0.4
tw/"cS 1.0 1.0
ty/tp | ===-- 1.0

The values of ks

panel,

The value of Sen/M
equation (1).

materisels.

5.21.

taken from figures 3 and lj are: for
the web-stiffened panel,

}.09, and for the T-stiffened

can now be computed from

The materlal-property values used 1n the

calculations are E ='10.7 X 106 psi for 24S-T,

E = 10.5 x 10® psi for XB75S-T, and g = 0.5 for botn
h

followling taeble:

The values of °cn/h and
velues of o,,

e corresponding
obtained from figure 2 are listed in the

¥eb-.stiffened panel T-stiffened panel
Material Jor /M Ocr Oop/M Ocr
(pai) (psi) (psi) (psl)
2lis-1 hu,ooo 7,500 56,000 L2,800
XB758-T | 143,200 3,200 5l,,900 5k, 800
l‘- L 1] ] L JRINNRIOG | 108 A
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CONCLUDING REMARK

Working charts are presented for use in calculating
the criltical compressive stress of stiffened panels, and
examples are 1lncluded to demonstrate thelr use.

Langley Memorial Aeronautlcal Laboratory
National Advisory Committee for Aeronautics

lengley Fileld, Va.
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CALCULATED MIHIMUI VALULS

TAR

OF

) 'ws.-. 1;.-.‘""!-". L e, .

1E 1

kg FOR WEB-3TIFFSNSD PARELS

. :
0.5 | 0.6 | 0.7} 0.8 0.9
|
95814 .059{L.090}i.152}1.237
.858 3.928 3.379 L.060{L.1€8
'E 913.761}3. go 5.97L|4.088
..90}3.36013.583|3.770| -~=--
.908}2.630{3.162|3.,50;3.652
1.223|1.720{2.154{2.5%012.910
.85211.197|1.523 1.857|2.203
.625) .883)1.146]1.400;1.700
1L80| .682] .877|1.00ll1.325
Z78| .530f .697 .85§ 1.060
207 36] .565| .705( .05L

1,0 { 1.2 | 1.4 | 1.6 | 1.8} 2.0
1t.3301L..566|L.80115,260{5.615{5.950
,-;-02 5 )-:--60)-;— .'.,..9@2 ------------- |--
h.180|L.57314..954: 5.423|5.840 6.140
3.86G|h.32L ] .500]5.29)|5.800] 6.150
3.200/3.7821L.370 P'°°° .7981 6.175
2.500!3,.050!3.680![,.306}|[..90% 110
1.556 2.&28 %.000]| 3.535/l.108 E 00
1.53011.930/2.576;2.617|3.300{ 3.820
1.228{1.5€60 1.92% 2.298/2.700] 3.149
1.000{1.291|1.588| 1.920|2.267}2.620
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TABLE 2

IS OF kg

CALCULATED MINIMUM VALUZ

FOR T-STIFFENED PANELS
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Figure 41.— Dimensions of web-and T-stiffened panels.
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Figure 2.— Experimentally determined relationship between o¢r
and Ucr/"] for 245-T and XB 75S-T aluminum alloys.
(References | and 2.)
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Figure 3— Values of kg for a uniformly loaded idealized
compression panel with web-stiffeners.
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