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SUMMARY

The present report covers a series of torsional tests on stiffened
D-tubes of alclad 24S-T3 aluminum alloy having a cross section similar
to the NACA 0012 airfoil section and a closing web at 30 percent of the
chord. The stiffeners consisted of ribs and stringers. An average-
strength chart has been developed for this type of structure that takes
into account the skin thickness, rib spacing, and stringer spacing. This
chart mgy also be used for unstiffened D-tubes.

Measurements of unit twist and unit strain were made at a number of
points on most of the specimens. The unit-twist measurements indicated
substantial agreement between this type of structure and Bredt's theory
below the buckling point. The unit-strain measurements did not provide
data that could be verified by theoretical analysis except for the
strains measured in the webs.

‘

INTRODUCT ION

The primary object of thlis investigation has been the development
of a chart that will permit the estimation of the ultimate torsional
strength of stiffened D-sections. Nearly all airplanes use such a
structure as a primary load-carrylng member and an average-strength
chart is considered to be quite desirable. With the advent of high-
speed sircraft the use of symmetrical airfoils should become quite
common and should enhance the value of this report., Other research
projects on thin-shell sections have been carried out previously, as
reported in references 1 and 2; however, only reference 1 deals with the
pure torsion problem and the specimens tested did not have a closing web
as is the case for the present investigation. Simitlar tests of a multi-
flange box beam are reported in references 3 and k.

Most of the previous work on structures of an elliptical or circular
shape is based on an early investigation made by Donnell (reference 5)
and many of the same factors reported therein were found to apply to this
study.
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Although reports on investigations of stiffened D-sections in
torsion were not available, a similar study on stiffened circular
cylinders was found in reference 6.

This investigation was conducted at the Structural Laboratory of
the Department of Aeronsutical Engineering, University of Notre Dame,
under the sponsorship and with the financial assistance of the Nationsal
Advisory Committee for Aeronautics.

SYMBOLS

A area enclosed by section; 104.9 square inches

a semima jor axis of section on basis of complete oval;
18 inches

E modulus of elasticity of material; 10.2 x 106 psi

G shear modulus of elasticity; 3.93 X lO6 psi

L distance between ribs, inches

S actual skin length of/largest.panel in chordwise direction,
inches

T applied torsional moment, inch—ﬁounds

Ty ) afplied torsional moment at failure, inch-pounds

a angle of diagonal tension, éegrees

6 angle of twist per unit length, redians per inch

T torsional shearing s%ress, psi

Ta torsional shéaring stress at ultimate moment, psi

Tu,c calculated ultimate shearing stress, psi

Tu’e experimeﬁtal ultimate shearingvstresg, psi

i Poisson's ratio

t thi;kness of skin, inches

s parameter of section



http://www.abbottaerospace.com/technical-library

NACA TN 2362 3
SPECIMENS

The general layout of the specimens is shown in figure 1. This
figure is a drawing of specimen 48. All other specimens are of the
same general construction and size as specimen 48. As shown by table I,
the main variables in this investigation were skin thickness, stringer
spacing, and rib spacing. The first set of specimens, specimens 1 to 12,
have variations in rib spacing of 8, 16, 24, and 48 inches and in skin
thickness of 0.032, 0.051, and O. 072 inch. The remaining specimens have
the same two variables with the addition of stringers to create smaller
skin panels.

Figure 1 will &pply to specimen 1 if all intermediate ribs, B to F,
and all stringers are omitted; it applies similarly to any other
specimen.

The rib thickness, web thickness, stringer size, and rivet size
increased as the skin thickness increased. When ribs were omitted web
stiffeners of the same section as the stringers for the given skin
thickness were added to the web at the omitted rib station, making the
web panel size constant regardless of actual number of ribs. Rivets
one size larger than the skin rivets were used to attach the ribs and
stiffeners to the web flange of the spar, one rivet for the 0.032- and
0.051-inch-skin specimens and two rivets for the 0.072-inch-skin specimen.

The stringers were continuous through rib notches., One side of the
rib flange was offset and riveted to the flange of the stringer. When
stringers were omitted the ribs were solid except for the lightening
holes. Flanged lightening holes were used in gll the ribs, their sizes
being shown in figure 1.

The specimens were made according to normal aircraft manufacturing
standards. The nose skin was formed to the leading-edge radius, and
for the 0.051- and 0.0T72-inch-skin specimens the skin was rolled to
match the rib contour. The nose sections of the ribs were hand-formed,
the ribs heat-treated to the T3 condition, and the rib and hole flanges
formed under a hydropress.

Standard aircraft tolerances were used throughout. The cross
section of the various specimens was constant within the 1/32 inch
tolerance. Although certain specimens were not constructed so carefully
as might be desirable for theoretical investlgations, there was no
apparent effect on the ultimate strength. In a number of cases too much
pressure was used in driving the rivets, and while this did not affect
the ultimate strengths there is some question as to the effect on the
initial buckling. The heavy rivet pressure left small dimpled areas
around each rivet and in many cases initial wrinkles seemed to start
from such an area.
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All of the specimens were made with an NACA 0012 airfoil shape,
and had a closing web at the 30-percent station, or 18 inches from the
nose. The inside skin and web line was the mold line. This shape
was chosen because it was thought to be a representative shape of the
various airfoil sections used in the present design.

The stringer distribution used in the specimens simulated actual
structural practice by placing more stringer ares on one side, the
assumed compression side, than on the other. An attempt was made to
place the stringers so that each skin panel had-the same buckling
stress; however, this was not attained completely. A secondary reason
for this stringer distribution was the desire to keep the number of
rib types to a minimum,.

The material used for the skin, web, and ribs was alclad 24S-T3
aluminum alloy. The grain of the skin was in the direction of the longi-
tudinal axis of the specimens. The extrusions were made of 2hs-T4 alumi-
num alloy. The rivets, type AN 456, were made of A17S-T4 aluminum alloy
in the 1/8- and 5/32-inch sizes, and of 24S-Th aluminum alloy in the
3/16-inch size.

Table II gives a listing of the ultimate stresses for a typical
group of tensile coupons taken from the skin of the specimen. Some
typical stress-strain curves are plotted in figure 2. In many of the
curves the effects of the primary and secondary moduli are noticesble,
although an average value of E appears to match the curves quite
closely. This average value is 10.2 X 106 psi, which is suggested by
reference T as a satisfactory value for 24S-T3 alclad sheet. While all
of the data do not match this value, it is felt that experimental errors’
account for the deviation.

DESCRIPTION OF APPARATUS

The apparatus used to load the specimen in torsion 1s shown in
figure 3. The test specimen was placed into the jig in a vertical posi-
tion, rib A at the top, and leading edge at the left. The specimen was
bolted to the steel angles U4 (see fig. 3) by a double row of AN 3 bolts,
T2 in each end. These fittings were bolted to the top and bottom
plates 1 and 2 by a single row of AN 5 bolts, 40 bolts in each plate
spaced equally around the specimen.

The end fittings 4 were formed to the contour of the 0.072-inch-~
skin specimens; sheet filler strips were used to provide a match of the
contour for the 0.032- and 0.051-inch-skin specimens. In all cases
0.072-inch filler strips were used for backing plates as is shown in
section B-B of figure 1.
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The load was applied to the bottom loading plate 2 by two hydraulic
pistons 5. The l%-—inch—diameter tension pistons are shown in figure 3.

Another set of pistons having a %%—inch bore was used to obtain the

maximum moment of 318,000 inch-pounds. These pistons were mounted in
a manner that permitted movement in the horizontal and vertical planes
80 that no restraint was introduced by fixed pistons. Because of the
pin joints at the ends of the pistons, the lower plate 2 was free to
twist about any axis and no bending moments were introduced.

) The pistons were operated by a hand pump 3, and pressure readings
were taken from gages having a O- to 600-psi range for one set of tests,
and g O- to 2000-psi range for the remaining set. A check of the load
readings was made by strain gages mounted on the piston rods. These
gages were diametrically opposed and were calibrated on a Baldwin-
Southwark-Emery testing machine. The pistons were mounted to the
loading fixture in planes 6% inches apart.

Baldwin-Southwark SR-4, types A-1, AR-1, and A-T strain gages were
used in the investigation. Two strain boxes 9, type K, and the
Wheatstone bridge straln indicator were used, although most of the
readings were made on the former. Three and four gang, eleven-position,
radio switches were used in connecting the various strain gages to the
strain box. Investigation disclosed e minimum change in contact resist-
ance for the switches used.

Two rectangular frames 8 were used in conjunction with dial gages 6
and vertical columns 7 to obtain twist data. The frames were positioned
in planes parallel to the ribs, the distance between the frames varying
between 8 and 16 inches. The frames were used to measure twist in the
middle of the specimen in order to eliminate any end effect. These
frames were mounted by three pins, two in the web at a rib or stiffener
station and one in the nose, the pointed ends in countersunk holes. The
two web pins were held against the web by coiled springs. This manner
of support was used to eliminate any local deflections due to skin or
extrusion rotation. The extruded angles at the extreme ends of the
frames 8 were in contact with the plungers of the dial gages 6 mounted
on vertical columns 7 that rested on the floor. The vertical plane of
these extrusions formed a continuation of the specimen chord plane, and
the rotation of this plane was measured. The dial gages were graduated
to read to the nearest 0.001 inch.

Two additional dial gages were mounted to the main Jjig at the ends
of the hydraulic plstons. These were used to measure the rotation of
the lower plate 2 of the specimen. :
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' Stress-strain data were obtained on a Baldwin-Southwark-Emery
machine for tensile coupons milled from sample skin strips. The
extensometer used had a least count of 0.0001 inch.

TEST PROCEDURE

After the specimen and hydraulic pistons were bolted into place
a few preliminary pressures were epplied in an attempt to obtain
accurate reference zeros for the measuring instruments and to check the
operation of the equipment. Because of the small frictional forces
present in the pistons, exact zeros were difficult to obtain, and with
certain specimens, as indicated in figure 13, the true zero was found
after plotting the twist data..

The loading increment was a function of the anticipated buckling
load, and usually more readings were taken before buckling occurred than
after buckling. At high loads the pressure was observed closely, as
failure would sometimes occur abruptly, but for the most part the falling
pressure did not drop off rapidly. The pressures after each increase in
load were maintained constant until all the readings were obtained. At
pressures close to 2000 psi this was difficult.

The dial gages on the frames 8 (fig. 3) were removed after definite
wrinkling had occurred. This was done to prevent damage to the gage by
any sudden failures occurring at the ultimaté loads,

After the failing torque had been reached, one or two additional
readings were usually taken. In each such instance the specimen was
able to maintain a load of between 80 and 95 percent of the ultimate for
considerable additional twist., .

The pressure at which the first wrinkle was observed was recorded
as the buckling load. The growth of the tension-field wrinkles was also
observed visuslly and, on a number of specimens, the slope of the wrinkle
was marked during the test.

PRECISION OF RESULTS

The hydraulic pistons used for loading the specimens were calibrated
and checked four times during the testing program. This calibration
included the pressure gages and the strain gages on the piston rods. The
loading increments were read on the pressure gages, and the straln gages
were used as a check of this indicated load and also as a check on the
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equal distribution of the load between the two pistons. The moment
applied by the large pistons was accurate to within 3.8 percent and that
applied by the. small pistons to within 2.6 percent.

The dial gages used for most of the measurements were read to the
nearest 0,001 inch., As shown in figure 3, an additional set of dial
gages accurate to the negrest 0.0001l inch was used in conjunction with
the top set of gages for some of the tests.. Twist readings of

5 X 10'6 radian per inch should have been possible with the dial gages
accurate to 0.001 inch, but the, scatter of the plotted points indicates
that this accuracy was not attained. Part of the scatter was due to the
inability to obtain accurate zero readings in some instances, and errors
in the readings have caused a portion of this inaccuracy.

The strain gages mounted on the piston rods were found to be
accurate to within 3 percent, this varlation including possible errors
in reading the pressure gages and the strain indicator.

~

RESULTS AND DISCUSSION

In order to provide the basic data, the strength of unstiffened
cells was determined, and the additional strength contributed by
stiffening members was subsequently investigated, which provided complete
data for the section used.

Some previous tests of this nature have been made on sections with
a circular or semielliptical contour, and, while the NACA 0012 airfoil
used in the present investigetion approaches a semielliptical contour,
considerably more flat skin is present than was in the previous tests.
While an exact correlation was not expected, the semielliptical design
curve presented in reference 1 was used to predict the approximaste
failing loads for this test. A value of 5 was assumed for the ellipticity
in this approximgtion. The presence of a closing web in the NACA 0012
specimens was & further complication in making the prediction. The loads
calculated by this method were later found to be gbout 30 percent greater
than the measured ultimate load. This could be expected on the basis of
the differences in the nose radii, the NACA 0012 section having a much
smaller semlelliptical radius and a greater proportion of flat skin.
While the specific values obtained in reference 1 could not be used
directly, they were of value in a relative sense as the buckle patterns
and failures of the unstiffened sections were quite similar to those of
the present investigation.

The failing load in most cases was much greater than the buckling
load. As the load was applied, the skin was observed carefully in an
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effort to observe visually the initial wrinkle. This buckling point
was recorded in all cases, but the wide scatter of the points leaves
doubt as to their usefulness. Table ITI gives a tabulation of buckling
torques and the corresponding shear stresses. In the case of the
0.032-inch-skin specimens the wrinkles appeared early; at times they
were visible shortly after the initial loading. Although some of the
scatter of the buckling points can be attributed to an initial waviness
of the skin due to fabrication difficulty, the method of visual observa-
tion cannot be relied upon. The twist data were useful in some instances
as a means of determining the buckling peint. Many of the tests showed
good agreement between the calculated change in slope of the twist
curves after buckling, the assumed buckling point, and the observed
buckling point. However, for the complete series of tests, the spread
of the buckling points from 25 to 95 percent of the ultimate load has
shown the observations to be of doubtful value. In one instance, the
initial wrinkle did not occur until the ultimate load was applied, at
which time the wrinkle asppeared abruptly and a deep wrinkle was.pro-
duced diagonally across the corners of the specimen. This specimen had
a rib spacing of 48 inches and three stringers, one of which was on the
side that buckled. - The ultimate torques have shown some scatter, as is
shown in figure L4, but the scatter fell well within anticipated limits.

The parameters used in reference 1 were thought to be a good
starting point for development of the test data, and an ellipticity of 5
was assumed. Closer correlation was obtained using the parameters of
reference 5 by changing the skin-thickness exponent from 2 to 1.7D.
Figure 5 shows all the experimental points plotted against these param-
eters, and, as was to be expected, the addition of stringers increased
the ultimate strength. The parameters of figure 5 were multiplied by 82,
the square of the chordwise skin length of the largest skin panel (see
table IV), to reduce the test date to an average curve that would apply
to unstiffened as well as stiffened D-tubes. This curve is plotted as
figure 4. A logarithmic relation was derived for this curve and the
resulting equation is:

252 0.7k
(]_ - l_12)1__11%_8_. = 3,21;(\’1 - e _L_QE.) (1)

Et1'75 2at

The test values show best agreement with this equation at close rib
spacings. The buckling characteristics of' large unsupported skin panels
in shear are difficult to evaluate in a precise manner and test results
customarily show considerable scatter, as in figure Y,
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The preceding equation (1) has been reduced to a simpler form for
this series of tests and other, and possibly more useful, curves have
been plotted as figure 6. The ultimate shear stress has been calculated
from equation (1) and plotted against the L/t ratio for the different
stringer combinations. In solving equation (1) for this stress the
simplified form given below was used.

1.01
T, o = 2.506 —= x 106 psi

u, LP.52SO.§2

Table V shows a comparison between the calculated and experimental
ultimste shear stresses. The deviation is most pronounced for the
specimens having long unsupported skin panels, but the over-all average
variation between the two values 1s sgbout 1 percent.

Some unusual failures occurred which caused part of the deviation
from the mean. As an example, specimen 22 took & higher load than
specimen 34%. The difference between the specimens was in the number of
stringers, specimen 34 having seven stringers as compared with five for
specimen 22. However, the plastic yielding of a rivet in a rib of
specimen 34 permitted the wrinkle to cross the rib and thereby reduced
the effective rigidity of the specimen., In a few cases the intersection
of a stringer and rib was the point of failure, as shown in figure T(a).
The stringer rotated in the notch sufficiently to ‘cause a bearing failure
of the rib material. Figure T(b) is a close-up view of this type of
failure.

"When the first rib failure of this type occurred, an attempt was
made to eliminate such bearing failures by inserting gussets between the
stringer and rib. These gussets are shown in figure T(b). As is
evidenced by this particular failure, the additional bearing area alone
without a more rigid rib section was not successful. This failure was
typical of the rib failures but not typical of the failures as a whole,
six such failures having occurred. The failure in figure T(b) was
produced by continuing application of the load after the ultimate strength
was reached. When these rib failures occurred, the ultimate load was
lower than anticipated. It is possible that ribs of the same gage as
the skin with smaller lightening holes would elimingte the rib failure.

The majority of the failures were produced by the collapse of the
nose section., Figures T(c), T7(d), and 8 illustrate this type of failure.
Figure 8 illustrates the different patterns of the wrinkles at failure
for the specimens without stringers. In all cases the initial wrinkle
started near the beam and, as the load was increased, extended to within
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about 1 inch of the nose, followed shortly by a collapse of the nose.
As the wrinkles grew, the slope of the wrinkle changed until at failure
it extended dimgonally across the skin panel. '

The nose collapse occurred in two ways. In one, as shown in the
photograph in the upper right cormer of figure 8, the initial wrinkle
lengthened until it caused failure of the nose section. The photograph
in the lower left corner of figure 8 shows the other type of failure,
the initiasl wrinkle starting as before and increasing toward the leading
edge until a second wrinkle developed below the initial wrinkle and
extended into the nose, causing failure. This latter effect was most
noticeable at the close rib spacings.

Figure 9 shows the development of the unit strain in the nose of
three of the specimens. The gages recording this strain were mounted
on the outside of the skin along the plane of symmetry. The discontinuity
in the curve for specimen 10 occurred when one of the top nose panels
buckled suddenly, although a greater torque was attained before the
ultimate strength of the section was reached. The failure of specimen 7
did not occur abruptly and the unit-strain curves bear this out. These
curves are for two gages mounted at opposite ends of the center nose
panel at the same distance from adjacent ribs.

While this type of specimen was quite different from the type
tested in reference 5, it is of interest to note the agreement between
data for circular cylinders and for the unstiffened test specimens of
this investigation. Figure 10 shows a comparison of these data, wherein
the parameters for the circular and NACA 0012 sections are the same.
There appears to be good agreement between the two tests. There is more
scatter of the points than was found in the circular-cylinder tests, or
in the semielliptical tests of reference 8, but the boundaries of the
test points are about the same. The slope of the test points for a
given rib spacing as shown in this figure is greater than the slope of
Donnell's curve (reference 5). This is most apparent for the lowest set
of three test points. By reducing the exponent of the skin thickness,
the test points were brought into better agreement, as is shown by the
bottom curve of figure 5.

The unit-twist data for all the specimens are given in table VI.
The twist of the specimens was measured at three different planes. Two
of the planes were taken near the center of the specimen, 8 or 16 inches
apart depending upon the rib spacing, and the third at the bottom end.
The data plotted in figures 11 to 14 were based upon the twist of the-
central portion of the specimen, the gage length being the distance
between frames 8 shown in figure 3. Up to buckling, there was good
agreement between the measured twist and the theoretical value calculated
by Bredt's theory as presented in reference 9. Calculations were nade
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using the basic equation 0 =T :%q%?/kAzG where the shear modulus was

calculated from the-experimentally‘verified.value of 10.2 X 106 psi
for Young's modulus, and Poisson's ratio taken as 0.33.

The measured and calculated values of unit twist are plotted in
figure 11 for some of the specimens having no stringers. The effect on
section rigidity of increasing the skin thickness is illustrated by
figure 12, wherein the measured and calculated values agein show
egreement.

The data plotted in figure 13 reveal evident experimental error
encountered during the testing program. The slopes of the measured and
calculated twist curves agree although the experimental points do not
originate at zero. The stiffness of the specimen is not affected by
the addition of stringers, as indicated by figure 14. The slopes of
the curves correspond, the principal change being an increase 1n the
ultimate strength of the section. As the skin panel size is reduced,
higher buckling stresses are carried by the plate, and, in turn, produce
higher ultimate strength of the entire specimen. Review of reference 6
indicates a similarity between the torsional rigidity of stiffened
circular sections and those of the current investigation.

An attempt was made to check the visual observation of buckling by
plotting the over-all twist of the Specimen as indicated by the rotation
of the bottom loading plate. No exact correlation was obtained. The
few cases which did check were not felt to be of sufficient consequence
to warrant inclusion in this report, although table III shows buckling
values for each specimen. One important result indicated by these data,
however, was that the torsional rigidity of the center section was
greater than that of the entire length. The conclusion was that the
manner of introducing the load left something to be desired.

The design of the specimens provided a short length of skin extending
beyond the end ribs, so as to eliminate end effect. Since the points at
which failure occurred were well-distributed along the length of the
specimen, it was felt that considerable success had been achieved in
this regard. To provide an experimental check on the end effect, speci-
mens of shorter length were tested. The points of failure and the
ultimate strengths agreed well with those of the longer units.

In order to supply information as to the effect of minor variations
of stringer area and/or rib thickness, several special cases were inves-
tigated. These specimens were identical with others in the series with
the exception of the variable involved. For exsmple, specimen 50 was
built with lighter stringers then specimen 32. The ultimate strengths

e e e e e e e e At ek o maty  —ns ——
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of both specimens were substantislly the same. In another trial, speci-
men 49 was supplied with heavier stringers than the otherwise identical
specimen 31. Again, the results were in close agreement. While the
small number of tests cannot establish validity of the results, the
indication was that the size of the stringers was not the determining
factor so far as the section strength was concerned. Specimens 56

-and 57 were built with ribs of a heavier gage than the similar speci-
mens 35 and 36, but again no appreciable change in ultimate strength
was measured.

A number of gages were allned at the anticipated angle of the tension
field. TFigure 15 is a plot of the measured strain at a few of these
points. As with some of the twist curves, good correlation with the
visually observed buckling point was found, as indicated in the figure.
The difference in buckling points indicated for specimen 4 was caused
by the sequence in which the different skin panels on which the gages
were mounted went into the buckled state.

The web strains in a few specimens were measured with.rosette strain
gages. Figure 16 is representative of these measurements. - The calculated
and measured shearing stresses are within T percent of agreement for the
specimen plotted. 'Shearing—stress calculations were based on Bredt's

first equation,

Some strain information was taken from the gages mounted on the
stringers, and plotted as shown in figure 17. The unit strain was found
to be of small magnitude until buckling of the skin panels occurred.

The flattening of the curves in both instances can be attributed to the
appearance of definite wrinkles close to the stringers.

CONCLUDING REMARKS

The average ultimate strength in torsion can be calculated for
gtiffened or unstiffened D-tubes having a cross section similar to the
NACA 0012 airfoil section and a closing web at 30 percent of the chord.
The relationship involved in this calculation is:

1262 0.7k

(1 -2 ol oh (\’1 5 )
S -y "W e
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where

n Poisson's ratio

Tu torsional shearing stress at uwltimate moment, inch-
pounds

L distance between ribs, Inches

S actual skin length of largest panel in chordwise direction,
inches

E modulus of elasticity of material; 10.2 x 106 psi

t thickness of skin, inches

a semims jor axis of section on basis of complete oval;
18 inches , :

The average-ultimate-strength curve presented in this report and
based on the above equation should be useful in determining the ultimate
load-carrying ability of this type of structure. With the advent of
high-speed alrcraft the use of symmetrical airfoils should become quite
common and should enhance the value of the report..

Comparison of the measured twist with Bredi's theory has shown
good agreement below the buckling point, although the buckling point
itself was not well-defined. )

University of Notre Dame
Notre Dame, Ind., June 11, 1948
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TABLE T

DIMENSIONS OF SPECIMENS USED IN TORSIGH TESTS OF SPIFFENED D-TUBES

Web Ekin Eib RIb g Flange Rivet
thickness thickness ing thickness Btringer tringer area -
Bpoctzen | TS (m) | e et postiion oy | ey | dsestes
(1) (1) (2) (3) . (%) (5) A
Over-all lepgth, %2 in.
1 0.0k 0.032 18 0.025 Hone o] 0.107 1/8
2 .06k .051 8 - .0k0 0 .183 5/32
ﬁ 081 072 18 .06k o -2TT 316
.04 .032 24 .05 3} .107 1/8
5 .06k .05 24 .0ho 0 .183 5/32
6 .081 .02 2k .06 (] 277 3/16
7 .04 .032 16 025 ¢} .107 1/8
8 064 L0351 16 .0ko 3} .183 5/32
9 081 .072 16 064 0 277 3/16
10 .0ko .032 8 .025 o] 107 1/8
1 LO64 031 8 .0ko 5} .183 5/32
12 081 .0T2 8 .06k o - 277 3/16
13 0.040 0.032 48 0.025 2,4,8 0.085 0.107 1/8
14 .06k .051 18 .0ko 127 .183 5/
15 .08L 072 18 N .06k 172 277 3/16
16 .0k0 .032 2k .025 .085 .107 1/8
17 .06k .051 24 .0k 197 .183 3/32
18 081 072 2h .06h AT 277 3/16
19 .0k0 .032 16 .025 .083 .107 1/8
20 .064 051 16 .olo 127 .183 5/32
21 081 OT2 16 .o64 72 .27 3/16
o2 .0h0 .032 8 .025 .085 .107 1/8
23 .06% 051 8 .0ko 2127 .183 5/3
2h 081 .0T2 8 064 172 277 3/16
23 0,040 0,032 18 0.025 2,3,4,7,8 . 0.083 0.107 1/8
26 .06% .051 8 040 2127 .183 5/32
27 .081 .072 58 .06k 172 277 3/16
28 .0k0 .032 24 .023 . 207 1
29 .06h .051 24 .oko 2127 .183
30 .081 072 2% .06k 172 277 3/16
31 .olo .032 16 .025 . .107 1/8
32 064 .031 16 .0h0 - 127 .183 5/32
33 .081 .0T2 16 064 AT2 277 3/16
3h .oho .032 8 .025 . .1o7
Ky} , <06k L051 8 .00 127 .183 5/32 -
36 081 .072 8 .06k 172 277 3/16
37 0.0%0 0.032 58 0.025 1,2,3,4,7,8,9. 0.083 0.107 1/8
38 064 051 18 .oko .127 .183 s5/32
E?) .081 .0T2 18 .06% 172 277 3/16
.oko .032 24 025 . 107 1/8
L5 .06% L051 2k .0ko 127 .183 5/32
:g .0ko .032 16 .025 . 107 1/8
.06% L051 16 050 2127 .183 5/32
ks .081 .02 16 064 154 277 3/16
&6 .0k0 .032 8 .023 . 107 1/8
47 .051 .051 8 .0%0 .127 .183 5/32
18 081 02 8 064 . 27T 3/16
49 0.0ko 0.032 16 0.025 2,3,%,7,8 0.127 0.183 5/32
50 .06k .05 16 .0ko 085 .107 1/8
51 .081 072 16 064 127 183 5/3
Over-all length, 36 in.
52 0.0k0 0.032 8 0.025 2,3,4,7,8 0.085 0.107 1/8
?i .06k .05L 8 .oko 2127 . .183 5/3
081 .0T2 8 .06% . .15% 277 3/16
Over-all length, 28 in,
55 0.0%0 0.032 8 0.025 2,3,4,7,8 0.085 0.107 1/8
56 .06k L051 8 .o6h .127 .183 5/32
ST .081 .072 8 072 .15% .27 3/16

Jg:;bandskinvaremdootaldad2hs—ﬁalmimalloy. '

en ribs were 48 in. apart, rib positions A and G were used; vhen ribs were 24 in. apart,
rib positions A, D, apd G vere used; when ribs wers 16 in. apart, rib positions A, C, E, and G
vere used; and wken ribs were 8 in. apart, rib positions A, B, C, D, E, F, and G vere usad,

tringers were made of 24S-T3 alumimm.alloy extrusions. Iumbers in columm refer to
positions marked in fig. 1.

I"n:a areas and AN standard drewing numbers are as follows: 0.085 89 1n., AN 10135-0701;

0.127 8q in., AN 10133-1002; and 0.172 eq in., AN 101335-1004. 8tringer section with area of
0.154 8q in. was %byil%byo.()akin. and had & bulb-angle flat top.

SFlanges were in positicns 5 and 6 (see fig. 1).
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TABLE IT

o

NACA TN 2362

TYPICAL ULTIMATE TENSILE STRESSES OF ALCLAD 245-13

ATUMTNUM-ATI.0OY SKIN MATERTAL

E['ensile load applied with grain]

Specisen tron Tuickuess “tensile
taken (12.) ?;gi?s
2 0.048 66,500

3 .070 66,900

L .032 65,000

8 .09 68,200
11 .0kg9 65,500
1h .0k9 67,300
16 .032 65,200
22 .049 66,560
23 .0k8 67,100
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" TABLE IIT

17

VISUALLY OBSERVED TORSIONAL BUCKLING MOMENTS AND SHEAR STRESSES OF

STIFFENED D-TUBES OF ALCLAD' 24S-T3 ALUMINUM ALLOY

[; = 0.33; E = 10.2 x 106 psi; a = 18 in.]

Buckling

Shear stress Buckling |Shear stress
Specimen|torque, T.p|at buckling ||Specimen|torque, T.p|at buckling
(in-1b) (psi) (in-1b) (psi)
1 6.0 x 103 920 30 129.0 x 103 8,650
2 19.3 1875 31 25.0 3,720
3 h1.5 2780 32 51.0 5,060
N T.4 1210 33 148.0 9,950
5 13.0 1260 34 26.0 3,870
6 53.1 3560 35 57.5 5,700
7 8.4 1380 36 182.5 12,200
8 10.3 1000 37 21.0 3,220
9 53.0 3550 38 43.5 L,220
10 12.1 1860 39 9k,1 6,220
11 32.0 3110 ho | 24.8 . 3,810
12 7.5 5050 Al 61.5 5,970
13 8.4 1250 Lp S e ——.
14 19.3 1870 43 30.0 4,600
5 57.0 3770 Ly 5.5 7,330
16 6.7 1030 45 145.0 9,600
17 2L,5 2430 TS 34,5 5,300
18 39.5 2610 L7 85.2 8,300
19 12.1 1800 48 195.0 12,900
20 26.0 2520 kg 28.5 4,370
21 52.5 3520 50 53.0 5,150
22 12.5 1860 51 15k, 10,200
23 38.7 3690 - 52 17.4 2,590
2k 92.5 6200 53 57.6 5,590
25 17.4 2670 - 54 145 9,600
26 Wy 2 4290 55 26.5 3,9%0
27 9k.2 6300 56 57.6 5,600
28 19.3 2870 57 134 8,870
29 59,4 5890 .
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TABLE IV
TORSIONAL STRENGTH OF BTIFFENED D-SECTTONS OF ALCIAD 24S-T3 ATUMINM ALLOY
[E = 20.2 x 106 ps1; p = 0.33; a = 18 in]
1
s e |8 | o2 {G-@maela-eERRla o 2)nR a-u AR 6 2) g
Specimen|(1n.)] (1n.)|(dn.)|(1n-1b) Bel- T 2at R 2at Et2
1 18 |0.031[19.7] 9,100 k7,400 756,000 122,10 1948 322,5
2 18 .019119.7 | 22,000 32,550 %718,000 83.89 1232 178.5
3 48 .071{19.9 | 53,800 29,400 337,000 Th.20 852 143.2
L 2h .029]19.7 |- 16,500 26,150 202,000 66.0h 510 161.0
5 2k .0k9|19.7 | 43,300 16,0k0 119,400 %0.51 301.5 81.9
6 2k .07T1119.9 | 77,000 10,520 84,200 26.57 212, 51.%
T 16 .029]19.7 | 22,000 15,480 ,800 39.90 231 95.6
8 16 .049]19.7 | 50,600 8,330 53,100 21.45 136.8 15.6
9 16 .071]19.9 {119,500 71,250 37,%00 18.32 9k.6 35.5
10 8 | .o31]19.7| 36,800 5,330 21,000 13.73 5k.2 33.0
1 8 .049119.7 | 85,200 3,500 13,270 9.0k 3k.2 19.2
12 8 .0T1|19.9 | 183,500 2,786 9,350 T.0k 23.6 13.6
13 18 .032|11.% | 18,400 28,600 245,000 220,00 188.5 ———
14 48 .0hg|11.4 | k0,900 20,300 160,500 156.00 1234 ——
15 18 .072{11.9 | Th,100 14,000 119,200 98,60 848 ——
16 2k .031f11.4 | 31,600 13,780 63,200 106.00 187 ————
17 2h .olgl11.k | 6,900 8,260 ,800 63.50 532 S
18 2k .072[11.9 | 150,000 6,600 29,700 56.50 209 —
19 16 .032{11.k 5 7,400 27,200 * 56,90 209 ———
20 16 .0kg(11.k | 87,500 4,810 17,800 37.00 137 ——
21 16 .0T1|11.9 | 188,600 4,090 13,420 28.80 9k.6 ——
22 8 .032{11.4 | 58,100 2,500 6,810 19.25 52.3 ——
23 8 .050|11.k | 117,500 1,535 4,360 11.80 33.6 ——
2k 8 .071|11.9 |261,000 1,k20 3,360 10.00 23.6 ————
25 ] .031| 8.4 | 24,800 23,500 137,400 333.00 19 | mmme-
26 48 .olg| 8.4 | 58,500 15,780 86,900 223.50 1230 —
27 18 .071| 8.9 |123,200 13,440 67,300 169.8 850 ——
28 24 .032} 8.4 ,500 8,550 33,200 120.8 k2 —
29 2h | .ok8| 8.4 | 78,000 5,550 22,150 8.7 3L ———
30 ek .0T1| 8.9 |167,000 %,550 16,800 57.6 213 ———
31 16 .032| 8.4} 18,500 4,530 14,800 6.5 209 ——
32 16 | .olk8| 8.4 ] 96,500 3,050 9,870 43.3 139.6 ————
33 16 .0T1| 8.9 |199,000 2,0 7,470 30.5 94,5 ——
34 8 .032| 8.4 | 57,700 1,350 3,700 19.14 52.5 ———
3B 8 .0k8| 8.4 | 129,700 1,027 2,470 14,58 3k.9 ——
36 8 07| 8.9 | 27,800 8k 1,870 10.62 23.6 ———
37 %8 .031 6.1 33,800 16,900 2,600 155.00 1948 ——
38 18 .okg| 6.2 | 63,100 9,260 47,300 241,00 1232 ——
39 18 .0T2| 6.6 | 125,200 1,260 36,500 166.00 an8 ———
ko 2% | .o31{ 6.1 | 52,100 6,500 18,100 175.00 187 ————
n 2k | .okg| 6.2 |114,000 4,180 11,820 108.80 308 —————
53 16 .031| 6.1 60,100 3,330 8,0k40 89.60 216 ——
Ly 16 .0hg| 6.2 128,900 2,100 5,260 54,70 137 ————
15 16 .072] 6.6 |256,000 1,645 h,060 37.80 93.2 ———
Lg 8 .031| 6.1 | 78,000 1,080 2,010 29.10 5h,1 ———
&7 8 .ohg| 6.2 |162,300 662 1,315 17.20 34.3 —
1) 8 .0T2{ 6.6 |318,000 512 1,015 11,70 23.3 ——
Lo 16 .031| 8.4 | 47,000 L,9ko 15,300 T70.00 216 —
50 16 .ohg| 8.4 {912,000 2,725 9,660 38.60 137 ———
51 16 .072| 8.% |202,000 2,105 6,580 29.80 93 ———
52 8 .032| 8.4 | 51,300 1,200 3,700 17.10 52.% —
53 8 .okg| 8.4 132,500 991 2,15 1%.05 34,2 —
54 8 .072| 8.4 |272,000 T 1,64k 10.06 23.3 ——
55 8 .032| 8.4 | 60,200 1,0 3,700 19.90 52.% —
56 8 .0k9| 8.4 |130,000 97k 2,h10 13.80 3k.2 ——
57 8 .072{ 8.4 |270,000 Tok 1,64L 9.97 23.3 —

-
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TABLE V
COMPARISON OF EXPERIMENTAL AND CALCUIATED ULTIMATE
SHEAR STRESS OF STIFFENED D-TUBES OF
ALCIAD 2L4S-T3 ALUMINUM ALLOY
Calculated Calculated
ultimate |Bxperimental ultimate |Experimental
shear ultimate L shear ultimate L
Specimen| stress, shear t ||Specimen| stress, shear t
Tu,c stress, Tu,c stress,
(psi) Tu,e (psi) Tu,e
(l) (PSj-) (l) (pBi)
1 2,130 1,396 |1548 29 1,390 7,720 500
2 3,410 2,135 980 30 10,700 11,200 338
3 4,930 3,610 67T 31 6,040 7,220 500
L 2,855 2,T10 828 32 9,150 9,570 333
5 4,880 k4,210 490 33 13,250 13,300 225
6 7,050 5,160 338 3k 8,650 8,580 250
7 3,530 3,610 553 35 13,150 12,850 166
8 6,020 k. 910 327 36 19,000 18,600 112
9 8,750 8,020 225 37 3,900 5,180  [1548
10 5,390 5,650 258 38 6,210 6,130 980
11 8,650 8,270 163 39 8,850 8,290 66T
12 12,500 12,300 112 ko 5,570 8,000 775
13 2,910 2,735 1496 k] 8,900 11,080 k9o
14 k,510 3,970 980 T T s — _—
15 6,500 , 900 667 43 6,900 9,220 517
16 4,020 4,850 175 Lk 11,000 12,500 327
17 6,330 6,240 500 k5 15,650 16,950 222
18 9,300 9,280 333 k6 9,930 12,000 258
19 5,140 6,370 500 47 15,800 15,750 163
20 7,980 8,480 327 48 22,400 21,000 111
21 11,350 12,600 225 kg 5,850, 7,210 517
22 7,390 8,650 250 50 9,400 8,850 327
23 11,650 11,200 160 51 13,800 13,380 222
2k 16,350 17,500 112 52 8,650 7,650 250
25 3,300 3,810 1548 53 13,k00 12,880 163
26 5,280 5,670 980 54 19,700 18,000 111
27 7,480 8,270 677 55 8,650 8,950 250
28 4,880 6,030 750 56 13,400 12,620 163
57 19,700 17,850 111
1 41.01 NAGH
Tu,c = 2.506 x 106 psi.

e e e e

10.5250.52

>
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TAELE VI

p =0,

Unit twist (radian/in.) for speciren -

UHIT TWIST DATA FOR STEIFFERED D-TUEES WITH HACA 0012 SECTION

\

[Brecizans zage of alelad 2485-13 altaimm alloy; E = 10.2 x 105 pst,

Torsional

e % |
a X nd x
BBRIB|518 ] |24 FREEIEERR I BT -Ey
TriATA Al s o' 'ddddddeindsS A i
8 G 4
® BRDaRTIBRARER | 239§0REERRRERESY |2581888Y
‘AAAAdd A oA R o Pttt mm e e P A AAAA
A 5 s &
° X -2 %
o REB38884 80 2| 8Z3%25LY482aRIBdR %&mmmmmmnmmm
oooo ' 'HddddRiLAs I S g s s s i DR A DT
E 1
i ® G
£8338% mmmmm%ammmm
S ) A Tt tAA
q 4
- A | a
= X e x
{he : §§353388738
ocooo o A
at
~ |
A x
Qo YREEIL R S o0 3 GXS P,
4 AR R0y ARFROEL NEYRARIRBLI RO YN R RRE ARG CHdRENYVDBE DYNIREBN4ABIBY
~ C T A AAAAdAAA A d dddd N d e e e e e e o' tHAddHddddd ddrmedmdmmed S T A

wlmgmumumtmlugthofmcim‘
2Qage length taken in middle of specimen,
3Questionable data.
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TABLE VI
(2)
87
1.038
1.137

1.363

3 ERESERLE

111122233.1‘4:4

14

(2)

§ £} |5A898%8 |§

Pl tldAdddda i
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X
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Unit twist (rsdian/in.) for speciman -

(1)

1.125
1.286
1.555

J2838982878558858

12222333.4.1.5667:89“—1

1k

(1)

CH

mmn

.376
ST
L611
.70h
798
892
.986
127
-5k9
1650
.878
.09
2,583

1111112

(2)

URIT-TWIST DATA FOR STIFFENED D-TUEES WITH NACA 0012 SECTION - Contimued

(2)

111223.4.45

21818181818 1238888388 Z3838588¢%
: * AldlAddddddmds R T
1 1
- | =
.{l.\ X .Il_\ x
B€18]8,8]8|83 | neadvadae f§ 2REEEEAY
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11123

mozent
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NACA TN 2362

ARYIYRARNCTZIRNYRLRGARDRBIRS

1111222223333.4.455666778899mmumnmn a4

1R $83IRR22 25808308 8888%

‘HddAAddddddmennmad

length taken in middle of specimen.
stionable data.

ee

ge length taken as entire length of specimen.
3que

1ga
26a
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TABIE VI
UAIT-TWIS? DATA FOR STIFFENED D-TUEES WITH HACA 0012 SECTICK - Contimced

Unit twist (radienfin.) for specicen -
15 B 7 17 18 18 20 20
(1) (2) (1) (2) (1) (2) (1) (2)
[} [} [} o [ 0 . [ [}
179 x 10-4 11k x 10-4 2373 x 10-% .660 x 10~ 166 x 10- .313 x 10-% .69 x 104 388 x 10°4
M5 .180 .l 500
.61 1.010 . 364
-BL 1.190 1,032 630
536 %! S .8kk 1.160 S1k 533 1.221 .81
1.032 1.310 1, .888
1126 1350 1. 1.023
1. 1.3%0 1.590 1.138
+510 .58 1. 1.5%0 901 1.099 1.720 1.23
1.596 1.530 1,880 1,369
1.78% 1.780 2.070 L55
2.5%0 1.600
L 596 2.011 1.960 1.219 1.073 2.530 L.
1536 L22k 2.523 2.590 2.720 2.1
1.72 1. 3.005 £.900 1.683 1.55 3.010 2,513
1.95% L 569 i-gga 380 2,868
2. 1. ;22 2.159 948 040 3,156
2 1. k. h.930 2.3% 2.0 k230
2.606 2 5.%2 5.680 2. 2.253 k880
2.887 2.259 1. 12, 2. .40 5.330 X.763
2,43 3.1%0 2,568 6.380 5.063
3.7k 2.995 3.389 2.0 7.510 6.563
3.678 3.0k 8.450 6.906
2‘% 3.203 10.610
6T .09
k. k309
5. h697
21 F § ek 2k k:] 33
(1) (2) (1) (2) (1) (2) (1) (3) (2) (3)
[ [ [} o [} [}

556 x 10-% 485 x 104 ke x 10 .370 x 10-% 637 x 10~4 601 x 10-4

o 851 1.286 x 107 129 x 2074 K] T3 1.055 1,000
1.463 1.193 .17 1132 LA72 2.363
1.899 1.880 2.057 1229 La 1453 2.001 1
2.215 1.906 2.0k .85 2.566 2.1
3,04k 2. 2.863 2.9% 2.50 2.167 3.1 2,375
g.g 2 3.02 2,527 2:183 2.930

. 3. im Tk i.sh 2.9% 321 3,334
5.072 61 051 3.103 . 3.3 k. 2109
5.812 283 k609 3.5 5.7 i‘ﬂe 3. 092
6.629 5,933 5.212 i966 5.36 162 6.112 X536
gi;.e" 5.702 zﬁ g; 5.98 k561 6,647 k.g:

2 |3 = |33 | 3B | |
9. .. 1. . .32 . . .

1.786 10.236 7.887 5.& 1.98 5.800 9.2%9 6.218
J.h.gg 8.545 6.@ 8.59 6.210 10,089 1.07%
1B, 9.39%0 6. 9.16 6.592 12.161 . 308
20.707 11.17 6.510 1k,039
10.09% 'Brbsh 12,72
10,892 . 081
12.86% 9.665
15.963
23 23 26 27 27
(1) (3) (2) (3) (1) (2) (1) (2) (1) (2)
[ o o o [} [}} 0 [}

.;gxm-" .%xm-" .85 x 107+ .zsgxm-" .gxm"' .13 x 107% .196 x 10°%

. .63 1.17h 351 x 1074 . .38 %367 346
1.031 826 .610 521
1,220 1.080 L6 ST T 61k 560 Sek
1.220 1.370 892 . g’acl,

1.686 1.620 2.690 .766 1.033 o .T60 .613
1.17h 956

2.25% 2.4510 1925 991 .36 L.070 966 848

2, 2.& 2.023 1.230 L397 Lg 1.132 996

i‘ 3. 2. 1.M8 1.878 1. 1302 1.

L A1k . 350 2. L. 2.019 1.786 1573 1.32
5.048 5.520 3.1%6 2. , 2.53 2.0k a1 1,51
6.76 6.570 3.38 2.35% £2.951 2,321 2.021 1.67!
8.07L g% 3.66 2 31313 2.629 e.23 1.821
9.20% . 3.991 2.8 723 2.8%9 2.359 1,922

.2T3 3. .266 3.3% 2,611 2,
h.7h2 3.501 2.823 2,2!
3.080 2.521
5.587 1T 3.4 2.60%
6.5 %.895 18 Y
33 .
P -y i'm 3.180
1. 5.
Py T ho532 3.566
5.087 3.957
lzg 5.961
= 6.10% kA1l
15776 1.137 2668
taken as extire length of speciman.
taken in niddle of speciran.
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TABLE VI

UHIT-TWIET DATA FOR STIFFEHED D-TUBES WITH RACA 0012 SECTION ~ Continued

Unit twist (radian/in.) for specimen -
Torsioml ( ) h
ool 25 28 28 1 . 31, 37
(1n-1v) (1) - (2) (1) (2) (1) (2) (1) (3) (2) (3)
0 0 1} 3} 0 0 0 0 o)
2% x 105 L09 x 10-% | 1363 x 10 195 x 10~ .iagxm-h
.310 . . . A9
.80 a7 .31 - 307 .
.670 I8k k6 .563 x 10~¥ -PLx 107 &7 x 10| .07 x 2078|583 .531
.84 .TPL 550 .78 . .T09 6650
1.028 .939 - .619 .986 .666 -939 872 .8k .T66
1.210 1.127 .709 1.080 .81k . .998 .892
1.380 1,221 .93 1.174 . 1.268 1.156 1.139 1.018
1.560 1.509 . 1.361 1.055 1,300 1,15
1.7k0 1.597 976 1.503 1.210 1.549 1.h68 1,558 1.260
1.930 1.898 1,104 1. 1.342 1.581 1.373
2.120 2,629 1.861 1.878 1.507 2.019 1.766 1.779 1.591
2.200 3.94% 1.992 1.669
2.250 5.071L . 2.159 1.696 2.293 2.179
2.475 1.269 2,300 1.975 2.253 ' 2.173 2.999 2.568
2.568 3.738 3.5%03
2.820 2,91k 2,701 2.817 2.612 L. T2 h.&
3.200 3.991 5,088 .T09 3.306 6.199 5.
3.%3 6.2h4 5,303 226 3.976
3. 8.263
3.920 9.578 . 5.617 k623
k.050 10,987
k130 7.58 53.285
%.510 9.531
%.700 11.268
5.850 13.k28
29 29 32 32 34 3% kv I
(1) (2) (1) - (2) (1) (3) (2) (3) (1) (2)
0 [} 0 ] o 0 5} 0
30x 0% | .186 x 104 | .eob x 10-% | Le28 x 10-B] 225 x10-%| .376 x 10-% | .%0o x 10| .239 x 20-%| .c20 x 20°%
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UNIT-TWIST DATA FOR STIFFENED D-TUEES WITH HACA €012 SECTION - Contimumed
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TABLE VI

UNIT-TWIST DATA FOR STIFFENED D-TUBES WITH NACA 0012 SECTIOR - Concluded
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Figure 1.- Details of specimen 48; dimensions given in inches. Other specimens

Dimensions vary with
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Figure 2,- Typical stress-strain curves for alclad 245-T3 aluminum-alloy skin material,
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Figure 3.- Specimen in place in apparatus used to load specimen in torsion. 1, top loading plate; 2, bottom
loading plate; 3, hand pump for operating pistons; 4, steel angles to which specimen was bolted;
5, hydraulic p1stons by which load was applied; 6, dia_l gages; 7, vertical columns; 8, rectangular
ﬁ-ames used with 8 and 7 to obtain twist data; 9, strain boxes, type K.
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Figure 4.~ Curve of average ultimate torsional strength of D-tubes with
NACA 0012 section and closing web at 30-percent station plotted from
equation (1). Specimens made of alclad 24S-T3 aluminum alloy;

E = 10.2 x 108 psi, p = 0.33,
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Figure 5.- Ultimate torsional strength of stiffened D-tubes with NACA 0012
section and closing web at 30-percent station. Specimens made of alclad

245-T3 aluminum alloy; E = 10.2 x 106 psi, u = 0.33.
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Figure 6.- Average ultimate torsional strength of stiffened D-tubes with
NACA 0012 section and closing web at 30-percent station plotted from
simplified form of equation (1). Specimens made of alclad 24S-T3 aluminum

alloy; E = 10.2 x 10 psi, » = 0.33.
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(a) Failure at intersection of rib
and stringer,

(c) Failure produced by collapse of
nose section.

35

(b) Close-up view of failure at
intersection of rib and stringer.

— —
, vl

(d) ‘Close-up view of failure pro-
duced by collapse of nose section,

Figure 7.- Some typical failures encountered in tests of stiffened D-tubes.
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Figure 8,- Patterns of wrinkles at failure for specimens without stringers.
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Figure 8.- Development of longitudingl unit strain in nose of stitfened D-tubes with NACA 0012 section and

closing web at S0-percent station, Specimens made of alclad 248-T3 aluminum alloy; E = 10,2 x 108 pst,

k= 0,33, t = 0,031 inch, See figure 1 for rib positions.
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Figure 10.- Comparison of critical torsional stress for circular cylinders and
D-tubes. Short and medium-length tubes tested; diameter d of circular
cylinders taken as 2a for D-tubes.
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Figure 11,- Experimental and theoretical values of torsional stiffness of D-tubes having no stringers with
NACA 0012 sectlon and closing web at 30-percent station. Specimens made of alclad 243~T3 aluminum
slloy; E = 10.2 % 108 pai, u = 0.33, t = 0.040 inch, & = 18 inches,
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Figure 12.- Effect of increasing skin thicknese on section rigidity of D-tubes with NACA 0012 section and

closing web at 30-percent station. Specimens made of alclad 248-T8 aluminum alloy; E = 10,2 x 106 psi,

& = 0.33, gage length 16 inches, no stringsrs.
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f‘ig-ure 13.- Experimental end theorstical values of torsional stiffness of D-tubes revealing experimental
error encountered during testing., Specimens made of slclad 248-T3 aluminum alloy with NACA 0012
eirfoll section and closing web at 80-percent station; E = 10,2 x 108 psi, p = 0.83, t = 0,071 inch,

& = 18 inches, no stringers.
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Figure 14.- Effect of addition of stringers on torsional stiffness of D-tubes with NACA 0012 section and
closing web at 30-percent station. Specimens made of alclad 243-T3 aluminum alloy; E = 10.2 x 108 psi,

= 0,33, t = 0.049 inch, a = 18 inches, L = 8 inches.
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Figure 15.~ Skin unit strain in direction of wrinkle of D~tubes with NACA 0012 section and closing web a.t
30-percent station. Specimens made of alclad 243-T3 aluminum alloy; E = 10,2 x 108 pai, w = 0.33,
a = 18 inches, no stringers Specimen 4-1 denotes specimen 4 with skin panel on which gage 1 was
located buckling first; specimen 4-10 denotes specimen 4 with skin panel on which gage 10 was -
located buckling first,
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Figure 18.- Web strain distribution of specimen 21, a stiffened D-tube with NACA 0012 section and closing
web at 30-percent station. Strain measured on rosette strain gages; specimen made of alclad 245-T3
aluminum alloy; E = 10.2 % 108 psi, u = 0.33, thickness of web is 0,081 inch,

292 NI VOVN


http://www.abbottaerospace.com/technical-library

0001 - 15-F-g - HYPITT-YOVN

29€2 ML VOVN

T i ik ]
Specimen 21 ____‘t}___}____j Specimen18) i '£
: : I | Gage position '
\_ One gage -~ Two gages
| _
18 x 10 Specimen 21 "} | i
. T
18
P 1]
12 o
21/ A
T
g 4 '
. 0
Q
=]
o o .
a1 N g
SN, e
o
% 0,0001— Unit strain, 111./111.

(compression direction-»)

Figure 17.- Stringer unit strain of stiffened D-tubes with NACA 0012 section and closing web at 30-percent
station. Skin made of alclad 245-T'8 aluminum alloy; 1~ by 7/8- by 0,078-inch bulb-angle stringers
made of 245-T4 aluminum slloy; stringers contnuous through ribs; E = 10.2 x 106 psi, p = 0.33,

t = 0.071 inch. ’
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