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NATIONAL ADVISORY COMNITTEE FOR AEROFAUTICS

TECHRICAL KOTE XO, 910

SOME INVESTIGATICNS OF THE GENZRAL INSTABILITY

OF STIFFENED METAL CYLINDERS

VI - STIFFENED METAL CYLINDERS SUBJEZCTED TO

COMBINED BENDING AND TRANSVEZRSE SHEZAR

Guggenheim Aeronautical Laboratory
California Institute of Technology

This i1s the sixth of a series of reports
covering an investigation of the general
inetability problem by the California
Institute of Technology. The first five
reports of thls series cover investiga-
tions of the ceneral instability problem
under the loading conditions of pure bend-
ing and wero prepared under the sponsor-
ship of the Civil Aeronautics Administra-
tion. This report and tiie succeeding re-
ports of this series cover the work dono
on other loadingz conditions under the
sponsorship of the National Advisory Con=-
mittee for Aeronautics.

SUMKARY

This report summarizes thc work that has been
carriod on in the oxperimental investigation of tho
problom of general instablility of stiffened metal cyl=
indars subjectod to combined bendiang and transverse
shear at tho CJI.T. This pert of tho investigation in-
cludos tosts on 56 shect-covered specimens. Under a
loading of combinod bending and transverso shoar, the
failure of the specimens is characterized by two dis-
tinct types of fallure, namoly, a bending or a shear
failures It has also been deturmined that tho fall-
ing loads of the specimcns havo not beon influencod
br the leagth of the :zpcecimens.
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INTRODUCTION

It is intended to sive, in this report, a summary
of the oxperimental investigation of the general insta-
bility of stiffened metal eylindors subjected to com=
bined bending and transvorse shear., The earlier work

t &.IL.T.on tha problem of genoral instability of stiff-
:n3d metal eylinders has boen reported in referonces
1, 2, 3, 4, and 5, A total of 55 sheet-covorod speei-
mons has becn testod to determino the effecets of tho
eombined loading of bonding plus transverse shear and
to dotermine tho influonco of length on the failing
load,

INVESTIGATION OF

Inasmueh as all tho pure bending spceimons had a
lenszth to diameter ratio of 2,0, it wos necessary to
detormins whether the failling loade of theso specicens
wore influonecd by the length. The purpose of this
investization was, thevofore, to dotermino the length
to diameter ratio L/D at which ths failing load bdo-
conos independent of langth,

Eizht speeimens having L/D ratios of 1.2, 1.6, 2.0y
and 2,6 were tested, four' in wialeh thoe freme spaeing was
2,0 inehes and four in which the spaeing wns 4.0 inches.
Tho spanecing of the lonzitudinal and diameters was the same
for all spocimens, 2.62 and 20 ineches, respoctively,

Tho curves of unit strain as a function of the applied
banding momoent are shown in fipures 7 te 11, The toest pro-
edduro and mothold of strain measursments have been doscribded
i» dotail in raforoneces-2 end 4.

Thc fa2iling straia as a funetion 'of the L/D ratie is
showz in figure 2. It ia seon that the spoeimens having aun
L/D ratio of 2 and 2,5 fnilcd at aporoximatoly the samo
sttrin, As the L/D ratio deereases tho failing strain
iacreases somewhat and ot an L/D ratio of 1.2 tho ineroaso
is 12 2nd 23 percent for tho 4- and 2-ineh framo spacings,
raspeetivoly. From theeo tost rosults it ean be eoneludod
Yhat tho f£niling loads of the pura banding speeimens used
in the provious cxperimonts wore not influoneod dy the
lon .th.
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INVISTIGATION OF COMBINED BENDING AND SHEAR

Descriptinn of Testing Apparatus

The testing machine, as shdwn in fizure 71, consists
essentlally of four separate elements ~ the bed, the fixed
end plate, the movabdle igrrinqe. and the loading beam. The
bed 1s 12% feet long, 3% feet wide, and 1s constructed of
heavy I-beams, To one end 1s riziily ocolted the fixed end
plate., The loading beam is a dbullt-up box section 6 feet
long - anlthough this can be extended by splicins on addi-
tional lengths. BSolted to one end 1s an end plate similar
to thae fixed end plate. The loading bean is freely sus-
pended in a cage or carriage which itsclf is free to move
along the bed. The besn 1s suspended from two knife edges
at the top of the carriage and iz balanced by counterwelghts.
With this arrangoment the welght of the loading beam and
end plate will not be carried by the specimen, dut will ale-
ways be Jjust balanced by the counterwveizhts.

One end of the spaclmen 1s bolted to the fixed end
plate =~ the other to the ¢nd plate on the loading beam.
A vortical upload 1s then applied szt any desired point

.on the loading beam by means of a screw Jack., The load

le indicated by a dial gage mounted on a dynamometer

. which was previously calibrated in a 150,000-pound Tinius

Olsen testing machino,

Method of Strain Y2nsurement

Resistance strain gsages were used to measure the strain
at desired points, Essentinlly, this mothod measures the
change in reslistance of a wire clement cemented to the speci-
men., The gages wore calldbrated by cementing a wire elemont
of known length to a tost bar and measuriaz the change in
reslstance for a known unlt strain,

) The gages vwera mountud on the neutrsal »xlg of tae
sttffeners and wero also mounted in palrs - one on each
side of the stiffener - gso that the mean reading would bo
unaffected by bendings., The resistances were measurod with
a Wheatstone bridge, the voltage being supplied by two dry
cells. The gnges were cut in and out of the bridge cirouit
through a mercury switch arrangemont, thus avolding large
contﬂct rasistances.

.
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ef peirnts aleng the lensth ef the specimen, which ceuld

then be prescnted as the existing strain cenditien aleng

the leugth ef the specimen when failure eccurred.. Anether
retzed would be te measure the fuiling strain at the peint

1t which the first bdbuckle appears during the leading process
nzd te censider this te be indicative ef the maximum strain
e winlech the specimen can bs subjactad befere fallure eccurs,

Beth methods have certain disadvantages. The first dc
net lend itself readily te epplicatien in practical desiga.
It is custemary, fer maximum structural efficiancy, *te dc-
elgn a reinferced cylindricel structure in such a manneor
as te keep the stress nearly censtant cven theugh the bend-
inz memcent is variadble., This is usually accemplished threugh
the geemetrical taper ef the section and alse by tapering
tho.cffective bending material, Fer this recasen, the de-
slzner i mestly iatercstcd in a single value ef the allew=
able stress er strain fer calculating hic margins ef safety,
Frem this peint ef vicw the sccend methed is preferable.
Zewever, the main ebjectien huore is that the validity ef
asscciating the strain cenditien at a peint with the fail-
ure ef the cylinder may be qucstienable.

This latter methed has alsze ene ether advantage; nanely,
fer the pure bending failure a parameter has becn derived
which appears te be satisfactery. In determining the ine
fluence ef the transverse shear en the maximum strain at
failure, it is cenveniont te have a single value ef the
strein fer cembined bending and shcar to cempare with the
strain value fer pure bending.

In view ef the aeeve, the fellewing methed ef presenta-
tion was adepted. It was feun2 that the initial buckle er
buckles appecared ever 2 rclatively shert ranse, being en the
average abeut 14 inches frem the fixed end fer the 32-inch=-
diameter cylinders and 10 inches for the 20~inch~diameter
cylinders. Fer this rcasen tha strain at failure was cen=
sidered te be the averarge ef the strain meansurements eb-
tanined with the 3-inchewire gzs;e ever a distance extending
frem abeut 4 te 24 inches frem the fixed end, er the strain
neasurements ef the lé-inch~wiré gage which extended frem 6
te 22 inches frem the fixed end.

The type ef failure in combined bending and shear ciffers
particvlarly in ene respect frew that of the pure bending
failure, For the combined leading the failure is, in many
cases, gradual - that is, the buckles, although exteanding
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ever several frames and lorgitudinals, slewly increase in
depth and size with increasing lead until a sudden cecllapse
ceccurs with a marked increase in depth and sizo.of the
buckle or buckles. In the case of the pure bending speci-
mens, tho eriginal cress-sectional zhape is closely main-
talned until failure eccurs - the failure being particulnrly
vielont and accempanied by large and deop buckles with as
much as & twe~thirds drop in the applied load.

Frem a visual ebservaticen ef the failure, it appearcd,
luring the early part of the investigatien, that failure
of a specimen was either of the bending or the shear type;
that 1s, the beginning ef a failure was cenfined te either
a reglon ef maximum cempression or a region ef maximun
shears Tho rather definite separation ef the regions eof
failure weuld indiceate that whon n failure occurred in
the cempressien region the failure weuld be nearly inde~
pandent ef the appliecd shear nnd weuld depend primarily
enx the state ef cempressien strain; whereas, when failure
cccurred in the rogien ef maximum shear tho failure weuld
be independent of tho state of comprossien strain and
only depoend en the applied shoar,.

Tho rbovo ebservations wero borne out by the oxperi-
montnl results. In figure 3 are pletted the ratiecs of
the compressive strain ¢/fe¢ 28 n functien ef VR/N for
a number of specimens of begh lé=inch and 10=~inch radius.
In these expressiens,

€ maximum cempressive strain value (at tho pesitien
previously described) for the cembirned loading
conditien .

same strain value for pu-e bending’
applied shear
radius of tha .specimen

A bending mement

Since ¥ = VL, where L 1ie tho distance frem the applied
shear lead to the point whero the strain is measured, it
is seen that the ratie VR/¥ 4s equivalent te R/L, This
presentation is merely te indicate that when the failure
eccurs in the cempress:ien regien the maximum cempressive
strain is independoat ef the applied shear, Fer these
gpacimens, the applied shear lend varied frenm 503 te 1450
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pounds for the l€-inch-radius specimens and from 710 to
2310 pounds for the 1lC-inch specimens, The minimum moment
arm L was limited ¢y tho length of the specimen,

In fizgure 4 aro plotted ratios of ¢/€y, as a function
of V/¥, for onc scrios of tests, whore V, 1is the zhear
loxd which causes a pure sl'gar fallure and V 1is the shear
lound corresponding to e It 1s seen from this figure that
:pecimensg 116 and 117 failed at the same shear load dut
1idoly different values otr ¢€(i, e., bending moment). The
photosraphs (figs. 75 and 76) indicate that specimen 116
failed similtaneously by combined bernding and shaar, where-
ng specimon 117 failed in shecar., It appears from these rec-
sults that the interaction curve for this typo of loading
consisted ossentially of two perpendicular straight lines.
Tho photographs (figs. 72 to 74) also show typos of failurec,.

The strains at failure, for the specimens which failed
by bending, ‘have been compared with the paramcter obtained
for the pure bonding failures and are shown in figure 5.
Tho tost values follow tho sane trend as the curve for the
puro bonding failuros; however, the experimontal scatter
is somewhat greater than for the pure bending specimens,

It is felt that this scatter i: primerily due to the follow-
ing:

(a) The accuracy of tho %traii measurements depends
on the reliability of tho elcctric strain gages and an
accuracy greater than 5.0 percent is not to bo oxpected.

(b) Adopting a strain value at a constant distance
frow the fixed end as being indiecntiva of strain at faillurc
alsc leads to some inaccuracies.

A number of curves showing the variation of strain in
the longitudinal direction «re shown in figures 67 to 69,
The distribution of normnal strosses 1s shown for a number
of specinens in fi.uregs 64 to 66. In table I the experi-
mental and computed data are zivern for oach specimen. The
curvos of strain against applied shesr are shown ian figures
12 to 63. The stralu-gagzo position and the stringer numbdber
is indicated in tadbular form for cach set of curves., The
rmothod of numbering the stringars is indicated in figuro 6.

In all specimens the longitudinal stringers wero §;
and the frames ©Fs with the cxception of specimens 126
anl 127 in which tho longitudinals weroe Sp and the frames
Fs. Tho cross-sectional dimensions of the longitudinals

"“‘."'_* T T T e TR W
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Fige. 72,73

Tis. 72 (Specinen po, 107)
T view of Specimen whieh fatled tn

Sompressiom, A1l Srecimens
wore loaded s¢ that Sompression gide

Was on top,

Tig. 73 (Specimen no. 107)
S1de view of eompression Tailure,

Small tuckles at
at failure,

9ides appeareq
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Fige. 74,75

Fig. 74 (Specimen BO. 108)
Top view showing ocmpression Tailure, Ag
sxtended slightly over the gideg,

failure, buckles

Fig. 75 (Speoimen no. 118)
Failure Oscurred by stmultaneous bend

ing and 'h"ra
buckles on

8ide and compreseicn buekle on top,
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Fig. 76 (Specimen no. 117)
Top view of speeimen which failed in shear, Note abeence of
oompression btucklee on top,

Yig. 77 (Specimen no. 117)
Side view of shear failure, Note that the shear buckles extend

{nto the tension zone,
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Fig. 78 (Specimen no. 119)

Corpression fatlure, Note failure oocurred over relatively

smll region near fixed erd,

Fig. 79 (Speeimes no, 1£1)
Campression faflure,
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