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By L. Ross Levin

SUMMARY

Strength tests were made on two sets of beams
having webs with large circular lightening holes. The
maln conclusion drawn fror the tests is that allowakble
wab stresses derived from pure sheur tests and allow-
able flange stresses derived from compression tests
cannot be appllied Iin the deslign of beams wilthout making
corrections for Lnteracstion. The test deta are in-
sufficient to establish a method for maklng such s
correction.

IRTRODUCTION

Publizhed design 1nformation on shear webs wilth
flanged, clrcular lightening hvles 1s confined to
emnirical formulas. Host of the tests on which these
formulas are based wers made with fixtures producing
pure shear, or apnroximately pure shear, 1n the web,
and the structural members bounding the webe wsre very
heavy 1n order to dlstrloute the shear as uniformly as
possible along the edges of the test speclimen. In thes
two most extensive investigatlons publlshed (references 1
and 2), failures was always observed to be precipltated
by buckling of the sheet in the neighborhood of the llne
Joining the centers of the lightening holes even when
the holes were so large that thelr reinforcing flanges
almost touched the edge members of the webs; obviously,
the heavy edge members bridged over the dangerouvs region
where the transverse net sectlon 1s very small.

In actual structures, the shear webs would be boundsd
by angles or flanges of relatlvely much smaller cross-
sectional area than the edge mecmbers used In the tests
of refersnces 1 and 2. These angles might n~t he
canahle of brldging over the dangerous sectlons in webs
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with large holes, particularly when subjected to large
normal stresses caused by bending of the structure. An
empirical solution of the problem would require an inves-
tigation several times larger than that of reference 2
end doss not appear feaslble at the present time, In
order to obtaln some prseliminary informatlion, however,

a few exploratory tests were made on two series of webs
furnished by the Curtiss-Virisht Corpcration Alrplane -
Pivision (Buffalo, ¥. Y.). The results of these tests
and of some related tesats are preserted herein.

SYMBOLS
A effective cross-aectional area of flange (two
angles plus ons-sixth of web), =quare inch
D clear dlameter of lightening holes, inches
I geometrif norient of inertla of cross section,
inches
L total length of specimen, inches
P load at failure, ilps

For shear speclimens, load applied at edge of
npecinen. For beans, concentrated load applled
at center of besam.

Q static moment of one half of eross section ehout
neutral axis, Ilnches:

h denth of web or beam, inches
On sheer snecimens, depth of weh measured
between rivet lines. Cn team speclrens, effer-
tive denth of beam measured between centroids of

flanges.

t thickness of web, inch

o maximum normal stress in flange at ultimate load,
ksi

T shear streas at ultimate load, ksi



TECHNICAL LIBRARY

ABBOTTAEROSPACE.COM

TEST SPECIMENS AND PROCEDURE

The shear webs used for the tests were of 2LS-T alu-
minum alloy 0.06L-inch thick; the nominal dimensions are
shown in filgure 1. Specimens were prepared from these
webs for two types of test: shesar tests and beam tests.
On shear test speclmeons, the ends of the webs ware flanged
over, and transverse stiffeners were riveted to the webs
at the middle as shown in figure 2(a). On beam test
specirens, flange angles and transverse stiffeners wers
riveted to the webs as shown schematically in figure 2(b).
The slzes of ths flange aengles, as well as other identi-
fying dimensions, are llsted in table 1. The transverse

stiffeners were iIn all casss 3/4 by 3/L by }/8 inch steel
anples.,

The shesar tests wore made 1n 2 test Jig shown sche-
matically in fligure 3; a description oi the method of
attsching the specimens to this lig may be found in ref-
erence 2. The besm spacimens wore tested ax simply
sunportsd beams betwesn two grids of round steel rods
that prevented lateral fallure of the compression
flenges. The rods were spaced 1 inch betwoen centers
in each grild; ths grlds vere so.spsced as to allow ths
beam only a few thousandths of en lnch clearance on
each side. The maximum frictlion forze was sstimated
to bes less than two oounds and was neglected.

Some of the beams suffered only small permanent
deformations, because the stressas at fallurs were low.
It was decided to utilize these specimens for additional
tests as follows: The webs and flanges were straightened,
stiffeners were riveted bc the webds midway between
lightening holes, and the beams wsre retested after
Inverting them to have undamaged flanges on the com-
presslon sldes. With stiffeners in eazh bay between
lightening hosles, the wabs may be expectasd to develop
the maxirmum shear strengths of which thay are capable.
The results of these tests were, therefore, held to be
of sufflclent gensral 1nterest to warrant their inslusion
in table 1, although they are only indirectly related to
the main tests.

id
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TEST RESULTS

The test results are given In table I. In order
to make the comparlison independent of deviations from the
nomlnal dimensions, stresses rather than loads sre given.
The stress developed by the pure shear specimens at .
maximum Yoad was calculated for the gross area by the
forimula

T= L (1)

so that a direct comparison might be made with the
results of reference 2. The shear stress developed by
the beam specimens was calculated by the standard formula

T= Ea (2)

art

where T and Q were computed for the full section
because the critlical sectlion at the middle of the
beam was full. The maximum normal stress in the
flange was calculated by the formula

_ L
o—l.lhA (5)

The webs tested 1n purs shear buckled in the rsgion
about the line connecting the centers of the lightening
holes. These buckles became deeper as the load increassd
until complete collapse occurrad. on the bsam snscimens,
the web began to buckle in a similar mannsr. At the
same time, however, tho flang=s began to twist, and the
fallure of the speclmen was caused by a simultaneous
collapse of ths web and of the compression flange near
the middle of the beam.

DISCTUSSION
Pure shear Tosty
It will be noted that table 1 glves two sets of
predicted shear stresses for the pure shear specimens.

The "predicted average" stress is calzulated from for=-
mules (L) and (5) of reference 2; these two formulas,
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taken together, represent the average of the test results
of reference 2. The "predicted allowable" stress is ..
calculated from formulas (L) and (6) of reference Z2;
these two formulas, taeken together, represent the lower
edge of the band over which the results of refersencs 2
scatter. :

Comparison of the experimental with the predicted
shesr stresses glven in table 1 shows that the l-inch
wobs developed stresses differing by less than 2 ‘per-
cont from the predicted average stresses. The use -of
the prsdicted allowable stresses would, therefore, be
conservative for thesse webs. The stresses developed
by the 6-inch webs, howaver, were only about two~thirds
of the predicted average, or eilght-tenths of the pre-
dicted allowabhle stresses.

Two posslble explanations were suggested sor the
fallure of the 6-inch webs to develon the wmredicted
strength. Nne observatlon was that these webs had a
D/l ratio of 0.33, which is larger than the velue of
0.7% specified in reference 2 as the limit of establlished
validity of the forrulas. The other observation was
that the hole flanges oI the sneclimens used in this
Investigatlon. were only about healf se deep as those of
the specimens discussed ln refersnce 2 and that the
lower flenge depth might rssult In lower strangth. Thils
suggestion prompted tests of two snecimens on which the
flanges wero machined down to about one-half thsir -
original depth (tavle 1). Tnspection of the results
in tebls 1 indicates, however, thet the shear carrised
by ths sveclimens with roduced flange depths was equal
to that carrlied by the specimens with full-depth flanges
wlthin the experlimental scatter. This fact, together

with the fact that the lLi-inch webs developned the strengtns

predicted by the formulas of reference 2 in spsite of the
low depths of the flanges, suggests strongly that the
depth of the hole flanges has no material influencs on
the strength of the web 30 long as thls depth remains
within the practical 1limits. A similar concluslon was
reached in reference 1. Taken at face value, then,
the available evidasnce tends to indicatse that the
formulas of rzTerence 2 may become unconservatlve for
D/h>0.75, but mors tests are needsd to establish with
certainty the fact that the ratio D/h 1s the only
factor responzinle for the dlscrepancy.
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Beam Tests

As mentioned 1n the dlscussion of test results, the
beam speclimens falled by simultaneous collapse of the
web and of the flange. It was concluded from these
tests and from other tests of beams with solid webs that
the shesr buckles in the webs induced twisting of the -
flanges. This twisting reduced the ability of the flunges
to withstand the compressive stresses caused by beam -
action end the abillty of the flanges to bridge over the
dangarous scectlions in webs wlth large holes.

Because ths webs and the flanges falled simultane-
ously, table 1 gives- the web stresses 8s well as the
flange stresses at fallurs. The web stresses may be
comparcd loglcally with the atrassez dsevelopsd by the
sams tyve of web in the pure shsar toasts. It should be
noted, howsver, that experlmuntal shcar stresses nbtalned
in pure shecar tasts scatter considerably (reference 2);
furthermore, if abeam has a web wlth vary low shsar
stiffness, the flange angles will carry soma skear, and
formula (2) will reguire some correctlion. it 1s not-at
all surorising, therefeors, that beam webs may sometimes
be found to carry apparently higher shear stresses than
corresornding webs tested in pure shear. Ho slmnle
standaré of comparlson exlsts for the flange stresses,
although the estimated column yleld stress of L6 ksi may
be used ez a gulde in evaluatling the relative efflclency
achleved by the flange sngles. Again, the stresses
developed in a beam tesat may exceed the arbltrary stand-
ard velue of L6 ksl because it does not constitute an
absolute maximum.

Inspection of table 1 shows that on specimen 6,
the L-inch beam with the heaviest flanges angles, the
web stresses were sllghtly higher than those developed
by similar webs in pure chear (s»ecirens 1 and 2), end
the flange stress wss slightly higher than the column
vield stress of L6 ksi. Obviously, then, this com-
binatlion of wsb and flange angles 1s very efflcient.
The use of lighter flangs anglcs (speclmens 7 and 8)
results in loss of efflclency:; th: web stresscs as well
as the flange stresses decraase. A beam with a solild
web (svecimen 9) using the intermedlate size of flange
angle carrlied slightly higher flange stresses than
the corresponding speciren 7 with lightened web; a com-
parison betwecn the web stresses of spsclmens 9 and 7 1s
meaningless because the stresses for specimen 7 are
based simply on the gross area.
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The 6-inch beam with the heaviest flange angles
(specimen 10) carried about 8L percent of the shear
stress developed by“-the corresponding pure-shear apeci-
men L, in spite of the fact that the flenge carried
only a stress of about one-third of the columm yield
stress and consequently was able to take over some of
the shear load. This comblnation of web and flange
angles 18, therefore, not very efficient; a decrease in
the size of the flange angles (specimens 11, 12, and 13)
results in higher flange stresses but at the expense of
a further lowering of the wsb stresses. The solid-web
beam 1), devesloped apprecladly higher flange stresses
than the corrssponding beam 11 with lightened wsb.

CONCLUISTONS

The following conclusions may be drawn from the
tests presented herein:

1. The formulas for webds in pure shear gilven in
an earlier Investlgation may vecome unconservative if the
limit of validity D/h = 0.75 specified in the earlier
Investigation i1s exceeded.

2. Allowable web stresses derived from nure shesr
tests and elloweble flange stresses derived from com-
pression tests cannot bs &appllied directly to the design
of besams. Allowance muast be made for Interaction
effscts. The test data avallable are insufficient to
establish a method for making such an allowance.

Langley Memorlal Aeronautical Laborainry,
National Advisory Sommlittee for 2eronautics,
Langley Fleld, Va.
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