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TECHNICAL NOTE No. 1481

DIAGONAL TENSION IN CURVED WEBS

By Paul Kuhn and George E. Griffith
SUMMARY

The engineering theory of incomplete diagonal tension in plane
webs presented in NACA TN No. 136L is generslized in order to make
it applicable to curved webs. Comparisons are given between
calculated and experimental results for a numnber of stiffened cylinders
subjected to torsional loads. The results indicate that the theory
predicts the stresses to about the same accuracy for curved webs
as for plane webs. The falling stresses in the stringers in curved
webs were predicted conservatively in all cases.

INTRODUCTION

Leronautical practice in the design of stiffened sheet-metal
structures has long been to permit buckling of the sheet except for
such restrictions as may be imposed by aerodynamic considerations,
When the sheet is subjected essentially to shear forces, the state
of stress that exists after buckling has taken place is known as
diagonal tension. The theory of diagonal tension in plane (flat)
webs was developed in considerable detail by Wasmner (reference 1)
for the theorstical limiting case of fully developed diagonal tension.
For the practical and more general cese of partly developed plane
diagonal tension, theorieg of varying scope and refinement have been
glven by a number of authors. The engineering theory of incomplete
plane diagonal tension given in reference 2 is semiempirical but
is simple tc use and has a wide scope.

A theory of diasgonal tension in curved webs has also been given
by Wagner, again for the theoretical limiting case of fully developed
diagonal tension (reference 3). Because the curvature introduces
several complications, Wagner was forced to make more restrictive
assumptions in the theory of curved webs than in the theory of plane
webs. These additional complications have greatly retarded the
development of a theory of incomplete curved diagonal tension. The
first attempt to develop such a theory was made by Wagner in reference 3,
where he suggested the agswuption that the shear stress in excess of
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the critical value T., 1s carried by diagonel tension. The resulting
theory is known to be unsatisfactory for plane sheet and consequently
is inacceptable as basis of a general theory. Schapitz proposed

& semiempirical theory (reference 4) but did not furnish the empirical
data required to develop it. His theory is also based on an assumption
essentially equivalent to that of reference 3, although Schapitz states
in passing that a different physical action is quite concelvable.

In the present paper, a semiempirical engincering theory of curved
diagonal tension is obtained by gemeralizing the thoory of plane diagonal
tension presented in reference 2.

SYMBOLS

d gpacing of rings, inches
h gpacing' of stringers, inches
k diagonal-tension factor
(o} shear flow, pounds pef inch
t thickness, inches (without subscript signifies thickness of

web)
A cross sectional area, square inches

T3
D flexural stiffness of panel per unit length SPI-o Warae :
12(1 — u?)

inch-pounds
E Young's modulus of elasticity, ksi
R radius of curvature, inches

D s 2 '
Z curvature paramster L fﬁ.—-u? or & Vl —u?) (Use
Rt Rt

whichever is smeller of h or da.)
o angle of diagonal tension, degrees
€ normal strain

v Poissonts ratio
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o normal stress, ksi

1 ghear stress, ksl

P radius of gyration of crogs eection, inches
A correction factor for ellowable shear gtress
Subsgcripts:

all allowable

er critical

e efféctive

max maximum

DT diagonal tension

EDR pure diagonal tension

RG ring

] shear

ST stringer

Special Combinations:

k critical-ghear-.stress coefficient, established by geometry

of panel and type of edge support

Jy "basic" allowable compressive stress for forced crippling
of stiffeners (valid for stresscs below nroportional limit

of material), ksgi

T*all "bagic" allowable shear stress, ksi
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TNGINEERING THEORY OF CURVED DIAGONAL TENSION
State of Stress before Buckling of Sheet and
Calculation of Buckling Stress
When s stiffened cylinder is subjected to torque loads avplied
st ths ends of the cylinder, a uniform shear flow q 18 generated
in the sheet (except near the ende). No stresses exist in the

gtiffeners or rings until the sheet begins o buckle.

According to reference 5, the stress at which the shest buckles
is given, if h is smeller than d, by the formula

2
hsﬂlg
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vt
3
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s e

ks En~
I 3 s U
- (1)

)
12R"Z~

If 4 is smaller than h, then d replaces h in the formula.
The coefficient kg 1s given in figure 1 as a function of Z. This
theoretical formule assumes that the edges of the panel ere simply
supported, whereas actually the edges of panels are riveted to
gtiffeners or rings. However, the agreement, between experimentally
observed buckling stresses and ctresses predicted by formula (1) is
good., as shown in reference % and again confirmed by the teats made
in the present investigation. Formula (1) was therefore used to
evaluate the tests to be described subseguently herein end is
recommended for use in stress analysis. A reduction factor might
be necessary when the thickness of the shtiffencr (or the ring) is
appreciably less than the thickness of the sheet. For flat gheet,
euch a reduction factor was glven in reference 2. TFor sheet with
appreciable curvature, the reduction appears to be less than that for
flat sheet, but the availsble data are ingufficient to warrant even
tentative recommendations for a reduction factor. A gubstantial
reduction factor is probably necessary when the sheet is very thin
(X < D,020 1n.).
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State of Stress after Buckling of Sheet

When the torgue increases beyond the magnitude that produces
a shear stress equal to T, 1n the sheet, the sheet buckles and
begins to carry the shear flow partly.in diagonal tension. This
action produces compressive forces in the stringers and in the rings,

" and the corresnonding stress system may be considered as the primary

stress gystem in the twisted cylinder. The gtiffeners, and to a
legser extent the rings, are also subjected to bending loads; the
stresses caused by these bending actiona may be considered as a
secondary stress system and will not be treated in this paper.
Deviations of the sheet stress from a uniform average stress might
also be classified as belonglng to the secondary stress system.

The engineering theory of plane diagonal tension given in
reference 2 is based on the assumption that the shear flow g acting
on the gheet can be divided into & diagonal-tension part Upyp and

a shear part qg Dby writing

= kq
(2)
ag = (1 -k

.

The fraction k specifies the degree to which the diagonal tension
is developed; when k = O, there is no diagonal-tension action,
only shear action in the sheet; when k =1, the diagonal tension
ig fully developed and the laws of pure diagonal tension apply.

" The compressive forces in the stringers and rings are caused by the

disgonel~tension component kq of the total shear flow q.

The value of k 1is given by the empirical formula
k = ten h Q.a‘ 4 30035‘-1-\ log, U (3)
Rh/ exr

When R—> ®, the formula reduces to that given in referencet for
plane diagonal tension. When the value of the congtant 3OQRH has

been computed, the value of k for any desirved value of T/T . may

be read Trom figure 2, which is a graphical presentation of formula (3),
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According to the theory of reference 2, the stresa in a stringer
is given by :

kt .cot.a

Isr =T K Giab o ' ()
o 3
and the stress in a ring by
o |+ - kT tan a (5)
A
wesa 0 - | () A
dt

For convenilence, the minus gigns on Ogp and op, will be omitted

in this paper. In strese analysis, they must be retained to ensure
the proper combination of these stresses with others not arising from
diagonal—~tension action.

For plane diagonal tension, the theoretical calculations made by
Levy and his collaborators and discussed in reference 2 show that
the compressive stress in a stiffener is not uwniform but has a
minimum value at the ends of the stiffener and a maximum value in
the middle. The maximum value is used to estimate the resistance of
the. stiffener to forced crippling induced by the shear buckles in
the sheet. For curved. dlagonal-tension fields; the maximum stresses
may be estimated by means of the formulas

Q
|

STmax

a_- =

RGpax
where the values of 0., and o are those obtained from formulas (U4)
: : ST RG ogp IR
and (5), respectivoly, and the, ratios . —~I8X and -—Eméz are

| -
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obtained from figure 3, which is figure 10 of reference 2. The
theoretical calculations on which figure 3 ig based were made for

plane beamg in which the ratlo of flange area to web area is very large.
This condition is generally not fulfilled for cylinders; the accuracy
of the results obteined when fTigure 3 is uged for cylinders may
therefore be expected to be less than when it is used for plane

beam webs.

The angle o between a gencratrix of the cylinder and the
direction of the diagonal tension is given by the formuls

€6
tanaa & ST (5)

2
3 1

where ¢ 1g the strain in the sheet along the direction of the diagonal
o o,
SR , : T 4
tengion, €ap = fg— ig the strain in the stringer, and €Re = jgﬁ is
the strain in the ring. The strain ¢ in the sheet is given by the

formula :

£ e
T =

[ 2K 4 sin oo (1 - %2 + u{] (7)

8in 2a

=

which can be evaluated with the aid of figure 4. (Wote that ¢y
and e are inherently negative when they arise from the stresses

Ogp ond e given in formulas (4) and (5).)

Formulas (4), (5), and (7) are analogous to the corresponding
formulas for plane disgonal tension. Formula (&) differs from the
corregponding formula for plane diagonal tension by the term econtaining R,
which digappears for flat sheet. This term constitutes an allowance for
the fact that the circular cylinder after buckling tends to approach
a polygonal cylinder, the sheet pulling flat from gtringer to stringer
(reference 3). The ccefficient 1/24 ig the theoretical coefficient
for fully developed diagonal tension., Theoretically, the coefficient
should be less than 1/24 until the ratio of applied load to buckling
load approaches infinity. Test observations indicsted, however, that
the flattening proceeds very rapldly, and trial calculations showed
that the best agreement with the test deta was obtained by using the
full value of the coefficient. The use of the full value of the
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coefficient irmediately after buckling is also gupnorted qualitatively
by the test observation,contained in reference 6, that the shear
strain of a curved sheet panel generally shows & large instantaneous
increase when buckling takes place.

Becauge formlas (L) to (7) are interdependent, they must he
solved by successive approximation. A value of o is estimated;
€qp and e, are calculated from formulas (4), (5),-and (7), and the
resulting values are used to calculato en immroved value of <« by means
of formula (5); the process is repeated until the caleulated value
of @ is sufficiently close to the assumed value. Normally, no
more than three cycles of the computation are necessary. ‘

A first estimate of the angle o mz2y be made by means of the
formula

o apyy = (8)

, S
with ST taken from figure 5 and the ratio Py from figure 6,
"’PD!_LI
The angle Loy is the inclination that the folds would take at the

given load if the sheet were in a state of nure disgonal tension, a

condition that could be reelized theoretically if the sheet were “
divided into a lasrge mumber of laminae free to slide over sach other.

(Such a division would destroy the bending stiffness of the sheet

without affecting the extensional gtiffness.) The curve shown in 1
figare 5 was obtained by solving a transcendental equation for Oppp

that can be obtained from equations (4) to (7) on the assumption that
the stiffening ratios AST/ht and ARG/dt are equal. In practice,

these ratios will probably not be equal, but the cvrve may be used to
obtain a first approximation. The cuvrve chown in figure 6 is computed
for one specific cylinder in which both astiffening ratics are equal

to unity. This curve lies.about in the middle of a scatter band formed
by the curves for a number of cylinders within the practical range of
proportions. For the cylinders and curved-web beams enalyzed in the
experimental vart of the present investigation, the angle o estimated
by means of formula (8) differed from the angls calculated by svccessive
approximation by less than 2° in most cases, with a meximum difference
of about 3°. ' ‘
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Ultimate Strength of Sheet
The ultimate strength of fhe sh@et can be estiﬂated by means of
the empirical formula

K13 o . 2
Tl o fdl:Tan‘O”7+A) Ll b

where T¥* ., isa "bagic" allowable shear stress, teken From figure 7

for 248.T aluminum alloy, and
Arg Aap .50
= 0.3 tanh e 0.1 tanh Hﬁi RN . {10)

The value of A cen be obtained from the graph in figure 8.

The chart for"f*éll (fig. 7) was constructed es follows: The
top curve for dppp = 159 is the empirical curve for flat sheet and was

- taken from figure Jh(a)’of reference 2. Values of 1'*allr for fully

'developed diagonal tension (k = 1) were computed Ffor various values

of QPDT onn the bagig of the Pundamentel formule fnv eheet tengile

stress

2T

Oppp = (11)
gin EGPDT

The curve of T %all against k was then constructed for each value
of* aPDT ‘on the assumptlon that the difference between the curve gought
and the curve for o, = 45° was proportional to X. ~Equation (10)

for the correction factor A is an empirical expression based on an
analysis of the available test data.

Ultimate Strength of Stringers

Reference 2 list

s four conceivable types OL gtiffener failures
in plane shear webe as o

1llows:
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(1) Column failure

(2) Forced—crippling failure

(3) Natural-criprling failure .

(4) General elasgtic instability of entire system

The seme types of failure are conceivable in curved shear webs. In
curved webs, the stiffening system is probebly always located on the
inside of the curve; the following discussion is therefore confined to
single stringers and rings.

Column failure.—~ Column failure may be expected to take place

~ when the stringer stress ogp equals the column~falling stress of the
stringer section as determined for a slenderness ratio of d/2p. This
rule given in reference 2 for plane webs is consistent with the
congsideration that the stringers in curved webs will probably tend to
buckle inward es a result of the radial force exerted by the diagonal
tension, and the bracing action exerted by a plane web (reference 2)

is then absent; on the other hand, the stringers are usually continuous
over several bays end mey, therefore, be considered as fixed at each
ring. (When the stringer is not continvous, as in an end bay, an
appropriete reduction mst, of course, be made in the allowable stress.)
Mooré and Wescoat suggest in reference T that the allowable stress be
teken as that obtained by testing the stringer flat-ended, with a length
equal to the ring spacing. Carefully mede flat—end tests are known to
give restraint coefficients of 3.75 or somewhat higher. The rule of
Moors and Wescoat is therefore slightly more conservative than that just “
given, which implies & restraint coefficient of 4,0, but the difference
is well within the probable scatter limits of diagonal-~tension tests;
the direct uge of test data implied by the rule also ensures that twisting .
failure of the stringers is taeken into account, a factor that might be
overlooked when columnn curves are used.

Forced~crippling failure.— Failure of a stringer initlated by
forced crippling may be expected to take place when the maximum stringer
stress aSTmax becomes equal to the allowable stress given by the

[t
o, = 28k —i’—T- (12)

If o. exceeds the proportional limit, the compressive stress corre—
spond?ng to the strain oo/E should be used as allowable value.
If k < 0.5, an effective value defined by i : ;

empirical formula

kg = 0,15 + 0.7 k (13) 3 \
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should be used in formula (12). Because the allowable stress is a
function of the load, the predicted failing load must be oblained as
the point of intersection of the curve of stringer stress ggﬁ-wr against

load and the curve of allowable stringer stress o, agalnst load.

All of these formulae for forced crippling are Laken directly from

- reference 2.

Natural--crippling failure.— The term "natural-crippling failure"
is used herein to denote a failure of the stiffener caused by compressive
stresses alone. Failure by forced crippling probobly always takes
place before failure by natural crippling can occur, but the existing
knowledge is too limited to permit a positive statement on this question.

General elastic instability.-— An empirical formula for general
elastic instability was given recently in reference 8.

Ultimate Strength of Rings

Only a few ring faillures were cbserved in the available tests,
and they were definitely secondary fallures; consegquently, no procedure
for strength snalysis can be recommended at present. The fTollowing
suggestions may be made: )

(1) Rings riveted to the skin are susceptible to forced crippling
and should be checked by formula (172).

(2) Rings notched out to vags the stringers through ghould be
checked to insure that the net section of the notch is safe ageinst
local crippling. (The net section mugt carry the entire compressive
force acting in the ring and has therefore s much higher stress than the
full section of the ring.)

EXPERIMENTAL INVESTIGATION

Test Specimens

The test specimens consisted of eight 30-inch-dlameter cylinders
of 24S-T aluminum alloy, reinforced trensversely by rings and longi-
tudinally by 12 equally spaced stringers. Double stringers were used
on these cylinders in order that stringer bending stresses might be
eliminated by suitable averaging of the strain readings. Detalled
dimensions of the cylinders are glven in table 1, and pertinent details
of construction are shown in figures 9 and 10.
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Additional test data were obhtained from references 7 and 9 and from
unpublished NACA data.

Test Procedure

Each cylinder was secured at one end to =2 rigid support while
torque was applied at the other end through a steel frame loaded by a
hydraulic jack. In order to insure uniform distribution of the load,
a large circular steel head was attached to the loaded end of the
cylinders. The weight of this steel head was counterbalanced so that
the cylinders were not subjected to bending loads.

Stringer stresses were computed from measurements with Baldwin-
Southwark SR-U4 resistance—type wire strain gages, types A-l, A-5, and A-12,
with gage lengths of 13/1€, 1/2, and 1 inch, respectively. All gages
were used in pairs, one gage on the outer flange of each component
gtringer, in order to eliminate (or minimize) the effects of local
bending. A fairly large number of gages (en average of 58 per cylinder)
were used at a number of stations over several bays SO that a reasonable
approximation to the average stringer stress would be obtained. Ring
gtresses were computed from measurements with SRt gages, types A~l
and A-12, applied to the ring web at the mean radius line of the ring.

Cylinder 7 was accidentally loaded before any gage readings were
recorded to a point where smell buckles appeared in the skin. As
indicated in reference 10, the value of the buckling stress T., Was

probably reduced. a small amount (approximately 5 percent or lesé) by
this preloading.

Cylinder 1 was loaded by a torsion jig that was found to have
insufficient throw and started to bind at about 93 percent of the
ultimote lozd. TFor the remaining tests, a new jig was used..

Regults of Strain Meagurements

Figure 11 shows the stringer stresses obtained from the streins
measured on the 8 cylinders of the present investigation as well as the
stresses computed by means of the proposed engineering theory. As
mentioned in the section "Test Procedure”, strains wers msasured by
pairs of gages at about 29 stations in each cylinder. The average
gtrain in any one pair of gages, multiplied by Young's modulus,
repregents the comprecssilve stress in the stringer at that statlon, sub ject,
however, to errors introduced by local buckling of the stringer. The
lowest and the highest values of this stress for each cylinder are
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indicated by the tick marks terminating the horizontal line drawn for

each load. The over-all average (that is, the average for all 29 stations)
is indicated by a circle, The agreement between the computed curves

and the circles is consistjntly very close for the cylinders with

square skin panels d = 5); for the cylinders with long skin panels

(a = R), the agreement 1g not so congistent, although reasonably
gatisfactory except on cylinder 5, The horizontal lines with their tick
marks show that individual stressges can differ greatly from the average
value as the combined result of variation of compressive force along the
length of the stringer, secondary bending, and local buckling.

The ring stiresses measured on the eight cylinders are shown in
figure 12. ‘As mentioned previously, the strain gages were attached to
the webs of the rings at the mean radiuvs. Because the neutral axis
does not coincide with the mean radiue, and becsuse the total number of
gages used on the rings was relalively small, the measured ring stresses
can be considered only as a rough cvproximation to the average compressive
ring stress.

Stringer stiresses for the cylinders tested by Moore and Wescoat
(reference 7) are showm in figure 13. These cylinders had proportions
similar to those of the cylinders tested in the pregent Investigation;
the .main difference wasg that gingle stringers of inverted {--gsection
were used (on the outside of the cylinder) instead of double stringers.
The number of strain geges used in the tests of reference 7 was much
smaller than in the present investigation. Tn eddition, it must be
remembered thet rigid-body strain geges, such ag the Whittemore gages
used by Mocrs and Wescoat on specimens 20 and 21, measure not only
the compressive gtrain but also the geometric shortening between gage
points induced by bending deflection of the stringers. In view of
thege facts, the ogreement between computed and measured stresses may
be considered satisfactory. '

Comparison of figures 11 to 13 with figure 17 of reference 2 indicates
that the agreement between measured and calculated stiffener stresses is
of the same ordsr on cylinders as on plane-web systems.

Ultimate Strength of Sheet

Befors the exberimental évidence on the ultimate .gtrength of
sheets can be: presented, the design chart of figure 7 requlres some
discussion. '

"Ag explained in the presentation of figure 7, the chart is derived
from-an empirical curve for flat sheet taken from reference 2. Inspection
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of the relevant figures in reference 2 will show that two curves are
given for cach material, one for webs on which the rivet heads bear
directly on the sheet and one for webs on which the rivet heads are
separated irom the sheet by heavy washers or by one leg of the flange
angle., The curve for the firet condition is about 10 percent lower
than that for the second condition and was used as basis for deriving
the curves of T¥,77 in figure 7, because the most common use of
curved webs 1s on the outside of the aircraft structure where no washers
would normally be uged under the rivet heads. In all but one of the
available tests, however, the gecond condition preveiled. In the cylinders
used in the present investigation, the skin joints were underneath the
double stringers shown in figure 10; in the curved-web beams described
in reference 9, the edge of the web was sandwiched between the flange
angle and a strap of aluminum alloy. Consequently, the test results
were not evaluated on the basis of the chart given in figure 7, but on
the bagis of a similar chart derived from the appropriate (upper) curve
for flat sheet given in reference 2,

The experimental data examined included the results from the present
investigation and fromrefersnces 7 and 9, gome unpublished data on
beams similar to those of reference 9 except that the rings were flat
bars instead of formed Z--sections, and unpublished tests on two cylinders
of 15-inch diameter, The construction of these two cylinders was such
that the chart of figure T was applicable.

The data on the web failures experienced in the present investi-
gation are given in table 2. (Predicted failing torques have been
corrected to actual sheet properties.) If cylinder 1 is disregarded,
the average ratio of actual to predicted strength is ebout 1,05, with
a scatter of about }0.0k. Since the indicated failing load on cylinder 1
was in error due to binding of the loading Jjig, the actual failing
load wag undoubtedly higher than the indicated one, although it is
questionable whether the error was as large as 10 percent. It is possible,
therefore, that the strength prediction would have been somewhat
uncongervative compared with the true ultimate strength.

On one of the 15-inch cylinders a web failure wag experienced with
a ratio of actual torque to predicted torque of 1.03,

For 11 web failures on beams such as thoge described in reference 9,
the average ratio of actual to predicted strength was eabout 1.05, with
a scatter of about *0.08, The scatter band for the beam tests is
therefore twice as wide as for the present cylinder tests.

For the tests on plane-web beams discussed in reference 2, the
‘ratio of actual to predicted strength was about 1.07 X 0.06; the
accuracy of strength prediction is therefore about the same for
curved and for plane webs.
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Not included in the analysis were two tests (one‘J)"inch eylinder
and cylinder 15 of vefersnce 7) in which sheet fallure tqok plece in an

end bay. Tests of beams with plane webs indicate that it is very difficult

to realize more than about 90 percent of the web strangth unless the

end bays are reinforced by doubler sheets, and much less may be realized
unless the end uprights are very carsifully proportioned,. In cylinder 15
of reference 7, only 63 percent of the predicted strermuth was realized
as a result of sheet failure in the end bay (table 2),.. The introduction
of a torque into the end of a cylinder probably requirss a doubler sheet
if the full strength of the cheet is to be realized.

Ultimate Strength of Stringers

Table 2 gives ultimate torques predicted on the assumption that
the stringers fall either by forced crippling or by ecolumn action,
Comparison of the oredicted with the actuel failing torgues, also
glven in the table, shows that the strength predictions vere always
conservative. The ratio of actual to predicted streacth ranges from 1.06
to 1.89 for the cylinders in which the stringsrs failed, For a large
number of tests on plane webs (reference 2), the avevubn ratio was 1,2,
and only in a very few tects was the ratio l.h exceeded appreciably,
Table 2 shows three tests out of seven with a ratic appreciably larger
than 1,4, This result indicates either that the predicted maximum
stringer stresses in curved webs are too high or that the allowable
stregses are higher than in plane web systems.,

In passing, it may be ncted that for all the eylinders in tabls 2
the calculations predicted correctly whether the failure would be
stringer or sheet failure,.

Checke for general elastic instability by tho methrd of refer--
ence 8 showed that the cylinders of the present 1nvest1pation had
extremely large margins against failure of this type. ior the
cylinders of referenee 7, the margins were smaller, but still positive,
with a minimum margin of about 20 percent,

CONCT.USICOING

An engineering theory of (incomplete) curved diagonal tension,
obtained by generalilzing a previously published theory of plane diagonal
tension, is presented together with pertinent test data, Analysis of
the test deta by the proposed theory indicates that, for curved webs,
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1. The (primary) compressive stresses in the stiffeners and rings
were computed by the theory with about the same accuracy as for plane
webs.

2., The failing stresses of the sheet wore predicted with about
the same accuracy asg for plane webs.

3. Thé failing stresses of the stringers were predicted
conservatively in all ceses, more conservatively and with more
scatter than for plane webs.

Langley Memorial Aeronautical ILaboratory
National Advisory Committee for Aeronautlcs
Iangley Field, Va., August 15, 1947
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TABLE 1.— DIMENSIONS OF CYLINDERS

PSR ) [ (m.) [ (15, (.Y | (100 (2% | (a0 (008 |
1 0.0248 | 15.04 |15.00 | 7.87 [ 0.052 |0.061 | 0.230 0.197 '
2 .0266 | 15.03 | 7.50 | 7.87 .050 | .06k 251 .202
3 .0265 | 15.02 (15.00 | 7.86 .033 | .063 w15 .198
L .0266 |15.02 | 7.50 | 7.86 | .033 | .068 | .153 216
5 .0393 | 15.03.|15.,00 |.7.87 .08L | .10k J380 .320
6 .039% | 15.05 | 7.50 |7.88 .080 | .104 .332 .317
T .0428 | 15,04 |15.00 | 7.87 | .053 | .102 | .239 18
. 8 .0399 [15.06 | 7.50 |7.88 053 | 102 .239 .321
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TABLE 2.- ULTIMATE STRENGTHS

I8%T 'ON NI VOVN

Predicted ultimate torques for Test ultimate torqus
failure by
Test Predicted ultimate torque
(1) (2) (3)
Cylinder
Stringesr Stringer Sheet Ultimate () (%) (%)
forced bowing rupture torque e =t el —
1ppl
crippling i (1) (2) (3)
(in.-kips) | (in.-kips) | (in.-kips) | (in.-kips) (c) (c) (c)
i 1010 1200 T 669 (3) 0.66 0.56 0.90
2 1010 1950 935 9k (3) .93 48 | 1.01
3 Lo 660 793 468 (1) 1.06 TE .59
" 520 1060 933 732 (1) ekl .69 .78
5 1400 1950 1220 1261 (3) 90 65 | 1.03
6 1520 3400 1400 1528 (3) 101 45 | 1.09
1l 590 1400 1280 1113 (1) 1.89 .80 .87
8 950 2260 1410 1503 (1) and (3) [ 1.58 67 | 107
Sk 220 445 613 343 (1) 1.56 T .56
45 520 690 635 398 () i .58 .63
820 470 400 601 Lo (1) sgleol 3 Th
&1 500 720 655 588 (1) 1.18 .8 .90

Sprom reference 7.
heet failure in end bay without doubler plate.
®Ratios are based on valuss in columms imdicated.
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Figure |.— Critical-shear-stress coefficients of simply supported curved panels.
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Figure |.— Concluded.
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Figure 2.— Diagonal~tension factor k.
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Figure 3.— Ratio of maximum stress to average sfress in stiffeners.
(From reference 2.)
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Figure 4.— Chart for obtaining e.
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Figure 5.— First approximation of the angle of folds (based on pure diagonal
tension). (Strictly valid only when =¥ = —R—G.)
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Figure 6.— Gorrection to first approximation of the angle of folds (W =1.00= +F )
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Figure 7. —Basic allowable shear stress il for
245S-T aluminum alloy. O‘u”: 62 ksi.
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Figure 9.— Over-all dimensions of test cylinders.
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Figure 10—Nominal dimensions of test-cylinder stiffeners.
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Figure |l.— Stringer stresses.
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Figure |3.— Stringer stresses for test cylinders of reference Z.
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