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SUMMARY

Eight 24s-T! Alclad cylinders 20 inches in diameter and 0.012 inch
in sheet thickness were tested in pure bending. They were between 57 .87
and 77.16 inches long and were reinforced with 16 stringers and from 14
to 29 rings of various cross-sectional areas and spacings. Of these,
five had a 45° cutout on the compression side extending over 33.4k4,
34.72, or 51.44 inches in the axial direction. The remaining three
had a series of five U5° catouts on each side.

All but one cylinder failed in géneral instability. The one that
did not show the general-instability pattern failed in tension.

INTRODUCTION

The effect of cutouts on the stress distribution in and on the
general-instability buckling load of monocoque cylinders has been
discussed in references 1 to 6. These reports describe theoretical
- and experimental investigations which were carried out at the
Polytechnic Institute of Brooklyn Aeronautical Laboratories. All the
cylinders studied were loaded in pure bending. The cutout was located
_elther on the compression side (symmetric cutout) symmetrically with.
respect to the most highly compressed stringer, or on a side (side
cutout) in the neighborhood of the neutral axis.

Two main effects of the cutouts were studied. The first is the
stress concentration which arises because of the discontinuilties
introduced by the cut members of the cylinder. The second is the
decrease in the general-instability buckling load of the cylinders
because of the increased freedom of motion of the cut members in the

neighborhood of the cutout.

1New designafions: Alclad 24S-T sheet, now Alclad 24S-T3;
245-T extrusions, now 24S-Th; A17S-T rivets, now A17S-Th.



o . NACA TN 1962

Al]l the cylinders previously tested, however, had. cutouts of the
same length except for three side-cutout specimens. Little information
was obtained with regard to the effect of the length of the cutout upon
the stress concentration. Furthermore, in all specimens tested, the
axial length of the general-instability bulge was elther longer than
or equal to the length of the cutout. It was conjectured that with
' longer cutouts the bulge might be shorter than the cutout, and in some
cases several waves might even develop.

Therefore it was felt that cylinders with varying lengths of cutout
should be tested so as to supply the missing information. It 1s the
purpose of the present report to describe tests which were run on
cylinders with long cutouts. As long side cutouts are seldom met in
practice, 1t was thought more advisable to construct cylinders with
geries of side cutouts. Thus the windows in the fuselage of a
transport airplane were simulated.

The investigation described in this report was carried out at
PIBAL under the sponsorship and with the financial asslistance of
the National Advisory Committee for Aeronautics. Acknowledgment is
due to Mr. Sebastian V. Nardo who took part in the initial stages of
the experimental work.

TEST SPECIMERS, RIG, AND PROCEDURE

Five cylinders with bottom cutouts and three with symmetrical
side cutouts were tested. They were numbered consecutively from 72
to 79. Their characteristics are given in table I and .shown in figure 1.

In all specimens the diameter was 20 inches, the sheet
was 0.012 inch in thickness, and the longitudinal reinforcement
consisted of sixteen 3/8 inch-square 24S-T aluminum-alloy stringers
equally spaced along the circumference on the 1nside of the sheet. The
_ number of rings varied between 1k and 22 and the lengths of the
cylinders between 57.9 and 61.78 inches except for cylinder 77 which
had 29 rings and was 77.10 inches long. The rings were elither square
or rectangular in cross section and were equally spaced on the outside
of the sheet. The ring spacing was either 2.57 or 3.86 inches.

- Rings and stringers were attached to the sheet covering by means
of 1/8-inch A17S-T aluminum-alloy round-head rivets. Ths rivet spacing
was O.6h3 iInch on the stringers and approximately 1 inch on the rings.
The rings and stringers were fastened to each other at their Inter-
sections by 1/8 inch steel machine screws except in cylinders 75
and 77 where 3/16 inch steel machine screws were used. Cylinder 77
had heat-treated Allen head bolts at the ring- tringer intersections
in the vicinity of the cutout.
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The test rig and the attachment of the cylinder to it were very
much the sams as those used in the tests described in reference 1.
Differences worth mentioning are a heavy stiffening grid of steel
channels added to the end stand &nd a lever arrangement operated by a
mechanical jack which permitted the application of higher loads than
the previous interlinked frame system. In addition a calibrated load
link was inserted between the loading head and the cable supporting
the counterwelight for it. Throughout the test, the tension in the
cable was kept constant by adding or removing weights from the counter-
welght pan. At each increase in the Jack load the tension in the
counterwelght cable was checked.

The load was measured by means of pairs of Baldwin Southwark SR-L
type A-1 electric strain gages cemented to opposite sides of a cali-
brated load link. Either type A-1l.or A-11 SR-4 electric strain gages
were used to measure the strain in the stringers.

Each cylinder had three bands of gages with the exception of '
cylinder 77 which had four bands. A band is a series of gages arranged
in a cross section of the cylinder around the entire circumference. In

~all specimens the second field from the loading head and a field in the
center of the specimen had gages on every stringer. On the second
field from the fixed end, gages were placed on every other stringer.
With cylinder 77 the fourth band of gages was placed at 25 percent of
the length of the specimen from the loading end. The position of the
strain gages is shown in figure 1. The error in the straig gage
readings is believed to be less than a strain of t10 x 10~

From five to seven load increments of approximately 500
to 1000 pounds were applied to each test specimen. At each stage of
loading, readings of all gages were taken and then checked by a
second observer. This loading procedure was continued up to the
buckling load, which was characterized by a sudden drop of the applied
moment and a corresponding Jump in the distorted shape. An exception
to this type of failure was found with cylinder T4, in which & gradual
rather than a sudden decrease of the applied load was encountered.

PRESENTATION OF TEST RESULTS

Results of the strain measurements in the stringers aie presented
for one end band near each end and for one band in the middle of each
specimen. In the case of cylinder 77, measurements made in an additional
intermediate band are also shown. The presentation is in the form of
dlagrams in which the strain is plotted against the distance of the
stringer from the horizontal diameter of the cylinder These basic
data are contailned in figures 2 to 26.
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The variation of the strain along the stringer at the edge of the
cutout of cylinder 77 is shown in figure 27 for various loads. The
léngth of the cutout in this cylinder was approximately 2.6 times
the diameter of the cylinder, or approximately 50 percent greater than
that of the cutouts of cylinders 72, 73, T4, and 75.

. A comparison of the strains in the middle bands of cylinders 75
and 77 1s given for two applied loads in figures 28 and 29. These
cylinders were identical except that their cutouts were approxi-
mately 1.56 and 2.6 times their diameter, respectively.

The maximm moment and strain attained by each cylinder are
listed in table II, together with a comment on the type of failure.
The behavior after collapse 1s described in table III.

Photographs of the test specimens after failure are presented
in figures 30 to 38.

DISCUSSION OF TEST RESULTS

Strain Distribution

At low loads for cylinders with bottom cutouts good straight lines
were obtained in the plots of strain against distance from the .
horizontal diameter except near the edge of the cutout. Near the edge
stringer the strain always decreases in the full bands, increases in
the middle bands of -cylinders 74 and 75, and decreases in the middle
bands of cylinders 72 and T73.

In general, for side cutoute the linearity 1s not so good as for
bottom cutouts especlally on the compression side. However, the
deviations from linearity appear to be small.

As a rule, good agreement was obtalned between measurements
taken on locations symmetrically situated with respect to the vertical
planes of symmetry of the cylinders. Exceptions are band H of
cylinder 76 and bands B and V of cylinder Th. Moreover, considerable
deviations from symmetry occurred at high loads when random
displacements were lnduced by the approach of buckling.

In the edge stringer of cylinder 77 the strains in the middle :
band were considerably higher than in the full portions of the cylinder.
The strain in the cutout region is highest at about the 25-percent mark
along the cutout and is lower in the center. Close to failure, however,
the pattern changes entirely since the edge stringer takes less than its
share while the stringers farther away from the cutout take more. This
is true for cylinder T7, the specimen with the longest cutout, but not
necessarily for all the others.
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Cylinders 75 and 77 were identical except that the lengths of their
cutouts were 1.56 and 2.6 times their diameter, respectively. The strain
distribution for these two specimens was almost the same except very
close to the cutout. For example, at low loads the edge stringer was
more highly stressed with the short cutout than with the long cutout.

At high loads, usually above 75 percent of the critical moment,
the variations from linearity are considerable for all cylinders. This
is because the strain readings reflect random variations in the.
displacements at loads close to failure.

Fajlure of Cylinders with Bottom Cutouts

The five cylinders which had bottom cutouts were cylinders 72,
73, Tk, 75, and T7. Of these, the first three failed in a definite
goneral-instability pattern. In cylinder 75 fallure occurred first
by the shearing of two bolts at ring-stringer intersections. The
load was then completely removed and the bolts replaced. When the
load was reapplied, the specimen failed at a higher moment by the
shearing of one of the new bolts and the cracking of an edge stringer
at the bolt failure. In cylinder 77, which had the longest cutout,
buckling was precipitated by & tension diagonal failure of one of the
sheet panels adjacent to the cutout. Except in one side of cylinder 75
where the bolt fallure renders the results doubtful, all the buckling
shapes of the edge stringers resembled that of a fixed-ended column.
The length of the distortion of the edge stringer was slightly longer
than the cutout in cylinder 72, slightly shorter than the length of
the cutout for cylinders 73, 7ﬂ, and 75, and about two-thirds the
length of the cutout for cylinder 77. The side of cylinder 75 on
which the bolts failed was the only edge stringer to fail in an
S-shaped curve. '

Failure of Cylinders with Side Cutouts

o Three cylinders with side cutouts were tested. Two of these,
cylinders 76 and 79, failed in a general-instability pattern and the
third, cylinder 78, failed in tension.

Of the three specimens, the one that failed in tension required
the highest moment, namely, 451,225 inch-pounds. Several stringers on
the upper side of the cylinder tore close to the loading head.

Cylinders 76 and 79 failed at 324,000 and 370,000 inch-pounds,
‘respectively. Both buckled in = general-instability pattern in which
the bottom stringer was S-shaped and the sides were pushed 1n wherse
the bottom stringer buckled out. ’

\
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CONCLUSIORS

Pure bending tests carried out with eight reinforced monocoque
cylinders substantiated the conjJecture that the wave length of the
general-instability bulge can be smaller than the length of the cutout.
It was found that such a situation arilses only when the cutout is
considerably longer than most cutouts encountered in actual airpleanes.

When two specimens.were testéd which differed only in the length
of the cutout and the total length of the cylinder, the specimen
having the longer cutout failed at a lower applied load.

Polytechnic Institute of Brooklyn
Brooklyn, N.Y., July 12, 1948
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Figure 11.- Strain diagram of cylinder 75. Band B.
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Figure 12.- Strain diagram of cylinder 75. Band L.
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Figure 14,- Strain diagram of cylinder 76. Band A.
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Figure 15.- Strain diagram of cylinder 76. Band H.
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Figure 16,- Strain diagram of cylinder 76. Band O.
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Figure 21.- Strain diagram of cylinder 78, Band B.
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Figure 24.- Strdin diagram of cylinder 79. Band B.
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Figure 25.- Strain diagram of cylinder 79, - Band L.
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Figure 26,- Strain diagram of cylinder 79, Band V.
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Figure 28.- Effect of léngth of cutout on strain distribution. Load, 500 pounds;
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Figure 29.- Effect of length of cutout on strain distribution: Load, 3000 pounds.
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