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NATIONAL ADVISOR!   COMMITTEE  FOB AEBOrATJTICS 

TICHBICAL NOTE SO. 910 

SOI-:Z INVESTIGATIONS OF THE GENERAL INSTABILITY 

0? IffXmiBS METAL CTLINDEBS 

TI - STIFFENED KETAL CYLINDEBS SU3JECTED TO 

COMBINED BENDING AND TBANSVEBSE SEEAB 

Guggenheim Aeronautical Laboratory 
California Institute of Technology 
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Inasmuch no all the pure bonding »nacinioa« had a 
length to dlnmoter ratio of 2.0, it was necessary to 
determine whether the failing loads of these specimens 
wore influenced by the length.  The purpose of this 
i:iv.-:sti ifttion was, therefore, to determine the length 
to diameter ratio  L/D  .-.t which the failing load be- 
comes independent of length. 

Sir;ht specimens having  L/D  r.-itios of 1.2, 1.6, 3.0i 
and 2.6 uere tested, four' in which the fraud spacing was 
2.0 inches and four l.i vhioh the spacing was 4.0 inches. 
The spacing of the longitudinal and diameters, was the same 
for all specimens, 8*89 and 20 inches, respectively. 

The curves of unit strain as a function of the applied 
binding momont are shown in figures 7 to 11.  The test pro- 
cedure and method of strain measurements have been described 
la detail in reforoncos-2 and 4. 

She failing strain as a function 'of "the  L/3  ratio is 
showu in figure 2.  It is seen that the specimens having an 
L/D  ratio of 2 and 2.5 failed at approximately the same 
strrin.  As the  L/D  ratio decreases the failing strain 
iacreases somewhat and a"t an  L/D  ratio of 1.2 the increase 
is 12 2nd 23 percent for the 4- and 2-inch frame spicings, 
respectively.  Prom theee tost results it can be concluded 
vhat the failing loids of the pure bending specimens used 
in the previous c-xporinenta were not Influenced by the 
lon.;th. 

' 
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«VSSTISATIOr 0? COMBIHZD B2HDING AHO SHIAH 

Description of Testing Apparatus 

The testing machine, as 
essentially of four separate 
end plate, the movable carrip 
bed is 12$ feet long, 3* feet 
heavy I-beams.  To one end is 
plate.  The loading beam is a 
Ion,?; - although this can be e 
tlonal lengths.  Bolted to on 
to the fixed end plate.  The 
pended in a cage or carriage 
along the bed.  The benn is s 
at the top of the carriage an 
With this arrangement the wei 
end plate will not be carried 
ways be Just balanced by the 

shown in figure 71, consists 
elements - the bed, the fixed 
<»e, and the loading beam.  The 
wide, and is constructed of 
rigidly oolted the fixed end 
built-up box section 6 feet 
xtended by splicing on addi- 
e end is an end plate similar 
loading bean is freely sus- 
whlch itself is free to move 
uspended from tvo knife edges 
d is balanced by counterweights, 
ght of the loading beam and 
by the specimen, but will al- 

counterweights. 

One end of the specimen is bolted to the -fixed and 
plate - the other to tho «md plate on the loading beam. 
A vortical upload is then applied pt any desired point 
on the loading beam oy  means of a screw Jack.  The load 
Is indicated by a dial gage mounted on a dynamometer 
which was previously calibrated In a löO.OOO-po'Und Tiniua 
Olsen testing .-nachinc. 

\ 

Method of Strain Measurement 

Resistance strain gages wurn used to measure the strain 
at desired points.  Essentially, this method measures the 
change in resistance of a wire element cemented to the speci- 
men.  Thy gages were calibrated by cementing a wire element 
of known length to n test bar and measuring the change in 
resistance for a known unit strain. 

The gages were mounted on the neutral t<xis of the 
stf-ffenora and were also mounted In pairs - one on each 
side of the stiffener - so that the mean reading.would be 
unaffected by bending.  The resistances were measured with 
a Vheatstone bridge, ±he voltage being supplied by two dry 
cells.  The gages were cut in and out of the bridge circuit 
through a mercury switch arrangement, thus avoiding large 
contact resistances. 
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of points along the length of the specimen, which could 
then be presented as the existing strain condition along 
the length of the specimen when failure occurred. Another 
met'-.od would be to measure the fulling strain at the point 
at which the first buckle appears during the loading process 
and to consider this to be indicative of the maximum strain 
to which the specimen can be subJoct.->d before failure occurs* 
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This latter method has also one other advantage; namely, 
for tho pure bending failure a  parameter has been derived 
which appears to be satisfactory.  In determining the in- 
fluence of the transverse shear on the maximum strain at 
failuro, it is convenient to have a single value of the 
strain for combined bending and shear to compare with tho 
strain value for pure bending. 
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ason the strain at failure was con- 
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wire gt.iO over a distance extending 
es from the fixed end, or the strain 
inch-wire gage which extended from 6 
ixed end. 

• 

The type of failure in combined bendinr and shear differs 
particularly in one respect fron that of the pure bending 
failure.  For the combined loading the failure is, in many 
cases, gradual - that is, the buckles, although extending 
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over several frames and longitudinals, slowly increase in 
depth and size with increasing load until a sudden collapse 
occurs with a marked increase in depth and size of the 
buckle or buckles.  In the case of the pure bending speci- 
mens, the original cross-sectional shape is closely main- 
tained until failure occurs - the failure being particularly 
violent and accompanied by lar.-;e nn<i deep buckles with as 
much as a two-thirds drop in the applied load. 
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Tho above observations wore borne out by the experi- 
mental results.  In figure 3 are plotted the ratios of 
thü cor.pressive strain  €/ep  :i3 a function of  VS/M  for 
a number of specimens of both lS-i:ich and 10-inch radius. 
In these expressions, 

€ maximum conpres-sive strain value (at the position 
previously described) for the combined loading 
condition 

tu same strain value for pu.'e bonding 

V applied shear 

R radius of tha specimen 

M bending moment 

Since  N = VL, where  L  is tho distance from the applied 
shear load to the point where tho strain is measured, it 
is seen that the ratio  VS/M  is equivalent to  B/L.  This 
presentation is merely to indicate that vhen the failure 
occurs in the compression region the maximum compressive 
strain is independent of th? applied shear.  For those 
8p«icin?ns, the Applied shear lo--\d varied fron 503 to 1450 
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pounds for the 16-inch-radius specimens and from 710 to 
2510 pounds for the lC-inch specimens.  The minimum moment 
arm  L was limited t; the length of the specimen. 

In figure 4 
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load which cause 
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The strains at failure, for tho specimens which failed 
by bending, have been compared with the parameter obtained 
for the pure bending failures and are shown in figure 5. 
Tho test values follow tho Ban>e trend as the curve for tho 
pure bending failures; however, the experimental scatter 
ia somewhat greater than for the pure bending specimens. 
It is felt that this scatter is primerily due to the follow- 
ing: 

(a) The accuracy of the -strain measurements depends 
on the reliability of the electric strain -a.-es and an 
accuracy greater than 5.0 percent is not to be expected. 

(b) Adopting a strain value at a constant distance 
fro:, the fixed end as being indicative of strain at failure 
also leads to some inaccuracies. 

A number of curves showing the variation of strain in 
the longitudinal direction are shown in figures 67 to 69. 
The distribution of nornal stresses is shown for a number 
of specimens in figures 64 to 66.  In table I the experi- 
mental and computed data are clvea for each specimen.  The 
curves of strain against applied 3her.r are shown la figures 
12 to 63.  The strain-gage position and the stringer number 
is indicated in tabular form for each set of curves.  The 
method of numbering the stringers is indicated in figure 6. 

In all specimens tho longitudinal stringers were  Si 
and the frames  IV  with the exception of specimens 136 
and 127 in which tho longitudinals were  Ss and the f rimes 
iV.  The cross-sectional dimensions of the longitudinals 

mm I 
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Figs.   74,75 

'18.74    (Sp.atat. „,. 106) 
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Fig.  7S    (Spftalaaa BO. 116) 

Falluri   Oaeurrad by alnultaneoua banding and »hoar.   No'.o ahaar 

tiuoklcs on slda and eoqprasslcn buekla oa top. 
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'IS. 76   (Specimen no. 117) 

Top view Of specimen wbloh failed la shear.    Not« absence of 

oonpreaslon buckle» on top. 

Mg. 11    (Speolron no. 117) 

Side Yi«w of sheer failure.    Net« that the shear buckles extend. 

Into the trnslon zorc. 
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?lg. 78    (Speelaea no.  119) 

Ceopre«KlOL failure.    Mate failure ooeurred OTer relatively 

•»•11 region near fixed end. 

tie. 79    (Specimen no. If1) 

Caapreaslon failure. 
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