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NATIOWAL ADVISORY CCHMITTED FOx AERCNAUTICS

TZCHNICAL WOTE NO. 882

TRSTS COF FLAT PAVELS WITH FOUR TYPES OF STIFFXENERS

Py Alfred S. Niles
SUMUARY

Fifty-one aluminumn~slloy pzsnels were tusted as flat—
end cnlumns. 'The test snecimens included all possidble
combinations of two lengths, four stiffener spacings, and
four stiffener designs, and were mestly in duplicate psirs.
The test data include the maximum loads carried, action of
the panels aftér the maximum loads carried, actien of the
_panels after the maximum lcsd had been passed, amount of
twisting of the stiffeners, photecgraphs showing the char—
acter of failure of many of the panels, and other perti-
nent items.

Supplemenﬂary tests 'were anade on 11 of the panels in
simple bending and on 6 individual stiffeners in compres—
-sion.

INTRODUCTINGY

In 1928, Carah and Fark (reference 1) made a number
of tests to determine the ultimate loads of channels act—
ing as cantilever beams subjected to concerntrated forces
at the free ends. The ultimnte loads obtszined when the
line of action of the force psssed throush the centroid
of the section were found t¢ be from 20 to 453 percent
lower than those obtained when the force was applied
through the shear center, Tiis considerable reduction in
the ultimate lond suggested the possibility that the load—
carrying cavacity of sheet—stiffener combinations would
be a maximum if the stiffenérs were so designed that the
line of action of the fcrces due top interaction of sheet
and stiffener would pass through the shear center of the
stiffener and be varallel to one of the principal axes
of its cross section. : '

To explore the validity of this hypothesis 2nd to
obtain additional data regarding the general problem of
stiffener design, the four stiffener sections shown in
figure 1 were celected, TFor easier comparisnsns all four
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sections were of the same sectinnal area snd three, C,

Z, ard S, h=d equanl moaments of inertis ~b-ut the cen—
troidal axis varallel to the flanges. The fourth section,
U, was identiczl with the C section except that, when
employed 1in cortination with sheet, it was attached at the
center of thre wed rather than at the flange. Study of
figure 1 will show the following relations to exist when
the Tour sections are used as stiffeners in conrection with
flat sheet. In all four cases the load imopcsed on the
stiffener by the terndency of the shect to buckle is assumed
to act normal to the plane of the sheet and along the line
of rivets, In the case of the C section, this force

will be parallel to a principal axis »f the section but
will pass to nne side of the shear center, that point being
"perind" the web. Tre shear center of the 2 section will
coincide with the centroid because of point symmetry, but
the force will no%t te parallel to a principal axis. Wnen
the U section is used, the force will act along an axis
of symmetry of the section and will thus act along a prin-
cipal axis and pase through the sheur center.

The S sectinrn was developed by BErown and Van Every,
wheo originated the project covered by this report. Although
this section was devised independently by Brown and
Van Every, its prier existence is shown by sketches in ref—
erence 2. Tris seciion was devised to meet the requirements
that the load should pass through the shear center in a
direction parsllel to a principal axis and that the moment
of inertiz I about a centrnidal axis p=rallel to the
sheet should be the same as for the £ and 2 sections.

It was impossible to satisfy these conditions with a sec—
tien similar to the U section without increasing the sec—
tional area. :

Actually the S section was first proportioned tec the
approximate arez and moment of inerti: desired. 4in angle
hetween the web and the flanges uand a distance between
flangee were selected arbitrerily, The angular position
of the principal axes wans then varied ty cnasnging the
flange width and the results were plotted to determine the
proper value thnt would manze the principal axes parallel
and nermal to the flanres, Since the section has point
symretry, its sherr center is at the centroid, Thus,if the
sheet is riveted a#t the loc:tion indicated in figure 1, the
load imposed on the stiffener b- the cheet passes throwmgh
the shear center and is parallel to a2 principal axis of the
section, '
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After the S section had been designed, the C and
7 sections were developed so that they had the same aresn
and mcment of irnertia about centroidal nxes parallel to
the flanges. Eecause the thickness and the developed width
were fixed by the design of the § section, the only in-
dependent design veriable remaining was the distance he-—
tween flanges. The variation of I with this cuantity
was plotted in a figure from which the necessary depth of
section was determined.

Originally the four stiffener sections were designated
bv the letters A, B, C, and D, and those letters are used
throupghout this report to identiry individual test epec—

imens. When attached to the ranels, the assembly 1s iden-—
tified as Pi, T2, F¥C, and PD. During the test program
it was found helpful to refer to the original "A" and
"O1"  g¢ MC" and M"U" sections since they suggest those
letters (see fig. 1) when the sheet to which they are at-—
tached is in a horicont=l positisen, When not attached to
2 sheet, they are bYoth referred to at times as the "chan—

nel" section, because of their similarity to the structural
channel, Similarly the originsl ¥ section came to be
known as the & section on account of its similarity to
the structural Z section. The original C scecticn was
then named the S secticn since, when reversed, it sug-—
gests the letter §, and it was undesirable to attempt to
distinguish between two different 2 sections. The orig—

‘inal -designations are sheown in parentheses in figure 1.

Although all four sectinons had the same arez and three
of them had the same moment of inertia about an axis parallel
to the flansges, it was realized that their hehavior under
load might bve quite different. To ascertasin these differ—
ences and to aid in the interpretation of the action of the

sheet—stringer combinations, individuanl stilfennr specimens
were tested as cantilever beams, ¢ beams in pure bending,
as besumws in simple bending, snd as flat—-end columns. The

tests of the specimens as beswms indicated nothing of signif-—
icance for intervreting the action of the panels except

what could ezsily te deduced from accepted beam theory.
Detailed accounts of t ese tests, therefore, are not in-—
cluded in this renort.

In order to bring‘out,more clearly any differences in
the stiffening effects of the four sections used, the vanels
were made of relatively heavy stiffeners and 1lilght sheet.
The panels were made in two lengths and with four stiffener
spacings that azllowed information to be obtalined on somne
of the other problems of panel design.
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slthough all the test materi: obtained.at one
time, the tests extended over two school yenrs and were
Lade in three groips, and there were mincr Jdifferences in
techniiue among t:re groups. In the first yeur, the tests
on individual stiivieners and com.res:inn tests on 20
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Danels were .nde v Brown and Van Zver . In the second
year, compressicn tests on 15 panels ~nd4 tending tests an

11 pancls were de by ., A. Miner. At the end sf the
second vesr, comocression tesis were msde on 16 panels by
the writer. Wit tle cxception of tne dats obt-ined in
the third group o7 teste,the dats in t ig report are taken
from the theses =~nd test logs of the ctudents mentioned.

The writer received assistance fron many sources in
carrying out at Stanford University the study on which

this report is bnsed., Special acknowledgment is due the
Consolidated Aircraft Company for the ~ift of the test
sovecimens, and to the Wational idvisorv Committee for
aeronautics for ‘tne financial assistance that made pos—
sitle a more thorough study than could otherwise have

been contemnluted. ~cknewledgment is alsoe made to Mescrs.,
Xussell W, Brown, Milton 4. Hiner, and Fermit %. Van Every,
former gradusnte students on whose theses this report is
largely based, as well as to the students who assisted them
in making their tests; Yormal -Christencen, hoy P. Jackson,
and Milton . Miner are.to be thanked {or their assistance
in carryine out the thirad group of tecste of panels in axial
compression and for the calculation of the results of the
tests., Messrs. <oy &, Hilier and ¥. a. Jackmnan of the
Sonsolidated iircraft Corporation and Frofessors lerrill

S. Hugo, S, Timoshenko, and Harry ., "“illiams of Stanford
University are to be thanked for technical advice and
assistance, and llessrs. O. G. Warm, 4. H. Cudwell, F, D,
Banham, x, H, Harcourt, W, Y., Younes, nud T, J. Palmsteer

of Stanford Universitv for assi-tance in the design and
construction of test apnaratus,

oM e T T
45T MATER IAL

#11 stiffeners were formed on a brake from strips of
245-~0 material 0,064 inch thick and 2.52 inches wide. The
dimensions of the stiffener sectionrs and the corresponding
section characteristics are shown in figure 1, The stiff—

eners tested individually were in lengths nf 16 and 24
inches,
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The stiffeners were heat treated, age hardened three
days, and stretched to 3 percent permanent set in the
stralghtening operation. The material then had the fol-
lowing proverties:

Yield stress in tension, 1b/sq in. . . . . 56,00C
Ultimate stress in tension, lb/sq in. . . 68,000
Elongation in 2 in., percent ., . . . . . . 15 to 17
Young's modulus, 1b/sq in. » . ¢« .+ . + .« . 10,700,000

These values were supplied by the Consclidated aircraft
Corporat ion and verified at Stanford University within
one—~half of 1 percent by a standard tensile test. In
this test two Huggenberger tensometers with l-inch gage
lengths were used to measure the strains of a carefully
milled specimen cut from stiffener D-2, Load was applied
ty a 20,000-pound Tinius Olsen universal testing machine,

The panels were fabricaoted with C.025—-inch 248-T
sheet with the grain parallel to tne stiffeners. Bach
panel had three stiffeners riveted to the sneet with 3/32—
inch A 17S—T rivets (Lockreed Starndard — Braozier — LS -
1100 — 7/32 inch leng, age hardened eight daye bvefore
driving). The rTivet spacing was 7/4 inch with the end
rivets 1/4 inch from the end of the specimen, Stiffener
spacings of 4, 6, &, and 10 inches (rivet line to rivet
line) were provided, Panel lengths nf both 1€ and 24
inches were used. The panels were supvlied in "duplicate"
pairs, btut one of the 24—inch panels and 12 of the lf—inch
panels were not tested.- The other panels, 21 of Z4-inch
length and 20 of 1lé—inch length, were tested in comproes—
sion. At least one panel of ecach size was tested. In
each panel the sheet was trimmed flush with the cutside "of
the edge stiffencrs, and the ends were carcfully greund
plane to within 0.C02 inch cver the entire width and as
nearly parallel ta each other as possible,

Beth sheet and stiffeners were welghed prior to drill-—
ing and the sectionazl areas of ~ach were computed, a den—
sity of 0.1 pound per cubic inch teing assumcd., The ob-—
scrved weights and cemputed sceticnal arcas are listed in
table 1., During the tcests, numecrous choeck measuroemants
were made on the test material, Measurem nts of thickness,
aver—-all width, and height of the scetion werec taken at
4—inch intcervals along the lengths of the individual stifrf-
eners and, in the case of the 3 section, the angle be-—
tween wed and flanges was also measured. For many of the
panels, these measurcments were supplementcd by measure—
ment of shect thickness taken along the panel width and
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length. The resu lts were averaged and usedffor an inde—
pvendent comvputatio of secticnal areas. Mest of the
linear dimensicns Jf each specimen were within 2 percent
of the average, but the angle of the web of the S sec—
tion was not urder such clecse control. It varied as much
as 4 percent within a specimen and also 4 percent from
the value needed to make one principal axis parallel to
the flanges. ‘ '

The computed areas based on these measured dimensions
and the areas based on weights were ususlly in close
agreement, the maximum difference being 0.038§ square inch
and the median difference 0.0C9 square inch.

In addition to variations within a specimen the di-—
mensions differed from the nominal.,  Study of half of the
24—inch panels revealed variations in sheet ‘thickress
between —4.4 and +8.8 percent from the nominal, the median
figure being +1.6 mnercent. Stiffener thickness deviated
between —2.5 and +7.8 percent from the nominal and there
was no deviation of the median. The monents of inertia
of the stifferer showed somewhat larger devistions from
the nominal, which smounted in some caces to as much as
12 percent. The deviations from nominzl dimensions of the
other speciumens were of the same order of magnitude. The
action of the panels under test, however, indicated that
the deviations, from nominal in moment rf inertia were of
much less influence on the results than those in sectional
area. Although some of thes: deviatiors from nominal may
appear rather large, they sre¢ less than deviations likely
to be encountered in actusgl construction and are repre—
sentative of good shop practice. Although they prevent
too fine distinctions being drawn from the test results,
they do not prevent useful practlcal conclusions being
drawn.

APPARATUS AND TEST FAQCEDULRE

,1mpl§_§gggiqp tests.—~ Eleven of the 24—inch panels
were tested as cinmply supvorted beams with concentrated
loade at the midsvwan. The . test appar=tus 1s shown in fig-
ures 2 to 5. The entire testing ecuipment was set up on
the heavy plywood base mounted on a pair of wood Horses
shown in figure 2. The plywood base was drilled to allow
steel rods to transmit the load from the lever system be—
low the base to the panel, which was supported on rode
resting in V blocks. These end-support rods were of -
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l—inch diameter cold-rolled steel. They were properly
spaced under the ends of the panel by steel templates,
which located each end support 1C,75 % 0.05 inches from
the center of the specimen. One of the support rods wvas
mounted on small roller pads to permit horizontal travel;
the other rod was fixed.

Figure 4 shows diagrammatically the method of losd-
ing a panel in simple bending. The load is divided into
three equal parts vy a lever arrangement, the loads being
25—-pound bags of shot. This lever system was designed to»o
fit all four stiffener spacings (frcw 4 to 10 in.) by
relocating the hinge pins in the levers. Winen panels
reinforced by € and S stiffeners with tle ckin in
compression were belng tested, the loading rods could not
be fastened directly to the steel blocks. The loads were
therefore transmitted through the C—shape fittings shown
in figure 5,

Deflections of the stiffeners were measured by dial
gages. The gages at the ends (directly above the end
supports) were individuszlly mounted on adjustable stands
and those measuring deflections nesr the center were
mounted on a single large hanger, likewise adjustable.
This large standard provided also & neans of mounting the
scale for measuring stiffener twist with the aid of
aluminum—alloy pointers. The pointers, about 10 inches
long, were glued to each stiffener at the center of t he
panel, as shown in figures 2 and 72, In some preliminary
tests it had been found that local deformetion near the
points of load applicstion serisusly affected the v=1lidity
of the deflection readings taken at the center of the span.
The center—deflection readings were therefore taken at
points 1% inches from midspan.

In the panel bending tests, the dial gages were set
to zero and the initial pointer readings were made with
the specimen under a tare load of 26 pounds, Load was
then applied in increments, usually of 100 pounds, until
the total load amounted to from 226 to 376 pounds, de—
pending on the stiffness of the specimen. The load was
then removed in 50 pound decrements., Dial-gage and
pointer readings were taken after each chance in load,
but only those readings o%wtained in the ucl -ading process
were used to plot the curves from which the panel stiff-
nesses were cocmputed,

to destruction were made on panels. In the first set one
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each of the 24-inch panels and ‘one each of the lé—inch
panels with 4—-inch stiffener spacing, 2C in all, were -
tested, In the second set, the duplicates «f the 24—inch
panels, with the exception of the panel with U  gtiff—
eners and 4-inch spacing, a total of 15 panels, were test—
ed, The third set was composed of one of each of the 16—
inch panels, 16 in 811, Those panels with the 4—inch
stiffener spacing were duplicates of panels of the first
set; the others were panels of which duplicates were not
tested.

411 the compression tests were made in a Tinius Olsen,
hand—operated, 30,000-pound universal testing machine
equipped with extension roads. In order tc adapt this
machine for panel testing, two case—hardened platens,
shown in figure 6, were nade. The unper platen was fin-—
ished from a mild steel block 4 by 4 by 28 inches and the
lower platen from a mild steel blrek ltv4by 28 inches.
Foth pieces were milled avvroximately plane, case—hardened
ground plune =nd parsallel within 0,001 inch, and lapped
plane and parallel using a third surface. .

A system cf tracing to. stabilize and guide the motion
of the uvpper platen was run from the upper platen to &
nearby I column, as shown in figure €. This bracing was
chiefly effective in preventing rotatinn end movement of
the upper platen normal to the plane «f the panel. ¥No
special provision was necesssry to prevent movement of the
uvrper platen psrallel to.the plane of the psnel, Although
this arrangement wac crude gnd left much to be desired, it
afforded reasonably satisfactory stability. To check on
the behavior of the upper pPleten during the tests, deflec—
tion measurements relative to the lower wlaten were taken
at three points on the under surface., Thus, the deviation
of the two platens from parasllelism could always be deter—
mined. These measurements also provided & means of meas—
uring the total strain and the corresponding avparent aver—
age stress at each stage of the test,

Cne of the chicf cbjectives nf the tests was to deter—
itine any differonces in the terndencies of the different
types of stiffeners to twist under lesd. For this TUrpose
aluminum pointers sbout 1 foot long were glued to each
stiffener nesnr midheignt, and a scale placed in a conven—
ient position for meesuring the movements of their free
ends. These peinters and the scale are shown in figure 7.

Nhen‘Possible, stiffener elongations were obtained by
Hurpenberger tensometers having a gage length of 1 inch,
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The movement of the pointers of these gages were read to
0.01 inch, which indicated a strain of 1/120,000.

Some secondary apparatus and gages, which appear in
figures 7 and 8, were used for measurements from wnich it
was hoped to be able to compute the actual degree of re-—
straint of the stiffeners considered as columns. As this
phase of the investigation, however, produced no results
suitable for pudblication, the data obtained and the methods
used for obtaining them are omitted from this report.

The methods of positioning the specimen and carrying
out the tests varied in detail among the three sets of
tests. In 2ll three sets, however, the spocimén was first
placed between the platens and held with a ligit load
while its position was checked for continuity of contact
with the platens. The load was next increased several
thousand pounds and then reduced to an initial load of from
2000 to 3000 pounds, If, during this process’ of loading
and unloading, the indicatiocns of lack of uniform distri-
bution were not excessive in magnitude, the position of the
specimen was considered satisfactory. The criterions for
satisfactory specimen location differed gquantitatively be-
tween the test groups, dbut, in general, a difference of
0.002 inch between the readines of the gages measuring the
vertical movement of the upper platen with respect to the
lower was the maximum allowed. Because two of these gages
were nearly 28 inches apart, the permissible relative rota-
tion of the platens about an axis normal to the plane of
the specimen was very small, In the secend and third groups
of tests, tensometers were also attached to the edge stiff-
eners and the permissible difference between their readings
was held to a fraction of a scale division. If the differ-—
ence in platen movement or tensometer readings indicated
excessive differences between the loads carried by the edge
stiffeners, the position of the specimen was changed until
a satisfactory position was obtained. ‘

When the specimen had been satisfactorily placed in
the testing machine, all measuring devices not previously
applied were attached and the main test run was started. At
first, loads were imposed in equal increments of 1000, 1500,
or 2000 pounds, but, as the ultimete load was approached,
the testing machine was kept balanced as nearly as possible
and stopped for observations after selected increments of
specimen shortening or when the bYeam dropped suddenly because
of the ylelding of the panel, 3Before the ultimate load was
reached, the tensometers and such dial gages as might be in-
jured by the failure of the specimen were removed.
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In the first set of tests, relatively little atten—
tion was paid to the action of the panels alfter the maxi—
mum load had been reached. In the secornd -nd particularly
in the third set »f tests, much more attention was paid to
the action of the vznels at that stage.

After failure of one or more elements of the panel,
travel of the losding head was continued to permit obeer—
vation of the action of the other elements, -~ The varia—
tions of load carried as failure prosressed were recorded
and notes were taken of the tyces and lacations of failure,
For a few specimens of the second set (24—inch panels with
10—-inch stiffener spacing) phctograpns were taken of the
panel under the initial load of Z,000 pounds, at failure,
and after failure when the load had been reduced to 3,000
peunds., These photographs give evidence of the tyve and’
magnitude of the failure. In the third set of tests, ‘
after the lcad had dropped to about three—quarters of the
ultimate (in three cases it suddenly dropped to a much
smaller fraction), the test was stcpped »nd.a phot ograph
was taken of the panel to illustrate the character of the
deformation.

One 15-inch and one 24—inch lenagth of each stiffener
sectisn was tested tno Fgilure sz & Tlut—end carlumn, The
epparatus and nrecedure used in these tests were the same,
as far as applicable, as for the compressicn tests of pan—
els. Hore detailed descripticn ~f tlese tests is there—
Tore considered unnecessary, :

To assure uniform distritutisn ~f the lesd, the
platens were lapned plane within C¢22N5 inchk. During
the tests of the first two #roups the relative movements
of the ends »f the vlatens (saTcut 28 in . apart) d1id not
differ by mnre thon O,0030 inch wnrisr tn 7iclding »f the
aprelmen, which renroesinted 2 relative ansular meveument
~"f enly about 0.77°701 radisn, or C.076°. For a pen:l with
4—inch stiffoner svacling &and lo—ineh length, this condi—-
tion would repr.soat an inereasz in th wxial stress of
C.00C1 by 4 by 10,300,0097/16 = 258 pourds p-T sguarc inch.
In the third group of tcsts of the platens were not kept
so closely varallcl, but the uniformity in stiffencr
stresces was continuously checked by the ‘tensometers und
the results of the tests of 1l6—inch penels with 4—inch
stiffener spacing are in such close agreement with thnse
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of the corresponding panels of the first group as to gilve
confidence in them. Measurement of the twist of the
stiffeners as obtained from the pointer readings was pre-—
cise to within +0.002 radian, This value was an appre-
ciable fraction of most of these rotation readings, since
the latter were so small, but the precision was adeauate
for qualitative results and conclusions. o '

The Tinius Nlsen testing machine was graduated to
the nearest 5 pounds, but difficulty of keeping the beam
in exact balance reduced the precision of the load read-
ings to about +*50 pounds when the beam had to be kept in
balance while the strain was being increased. The machine
itself was known to be accurate to within plus or minus
6ne—~half of 1 percent. ©On the whole, the vrecision of
total loads may be assumed to be *0.75 percent; whereas
differences between loads of about the szme magnitude
recorded for a given test are correct to within *50 pounds
if it were in motion when the reading was taken.

SYMBOLS

b width of panel between stiffeners, inches

[wl

length of panel, inches

s developed lengzth of center line-of stiffener, inches
t thickness of stiffener, inch |
A .stiffener cross—sectionél area, square iqchgs
r inside radius of Dbends, inches‘?
I 'momént.of inertia_abbutﬁstiffenef céntroid, inches "
) panel deflection in ben@ing, at panel center, inches
E mgéulus of elasticity
P compressive lo2d, pounds

w beniias load, pounds

EI flexural rigidity
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TEST REEULTS

Panel bending tests.— In the pancl tending tests the
deflection of a point near the center of each stiffener
from a line -joining the points of support was determined
by subtracting the age reading at that point from the
average of the sage readings at the supports. The result -
ing center—stiffencr deflections were plotted as shown in
figure 9 against load per stiffcener and straight lines fit-
ted as cloesely as possible to the pletted woints. The
slope of this line for each stiffener wrs then determined,
to find the ratio of load to deflection W/8. For the di-
mensions of the test set-up, the ordinary fernula for beam
deflection reduced to - EI = 201.6 W/5. The values of EI
cbtained from this exwression are rcecrded in table 2, in
which EI; and EIs; are the observed stiffnesses of the
edge stiffeners and EI, that of the center stiffener,
For purmposes of comnarison the table includes the computed
values of EI far the center stificner taused on measure—
ments of the rctual cross section and sn assumed value of
19,300,000 pounds ver sguare inch for X. This table in—
cludes also the maxizum load imnosed on the vanel in each
test,

In addltion to the measurements of deflection, the
movements of the freec ends of the pointers glued to the
stiffener webs were recorded in order to obtain infermaticon
regarding the tendency of the stiffeners to twist., For
most of the vencls, this procodure wss followed only when
the panel was tested with the skin in tension, on account
of the difficulty of obtrining the infersztien when the
stiffeners were Velcw the sheoct. With varel TA 1€, however
these readings woere taken for the two =Qo. stiffencrs.
Table 3 shows the length of the pointer, and the total move—
ment cf the free end of the pointer in inches. The plus
and minus signs indicate whether the reading of the pointer
on the scalv incress.d or decreszscd with ineresse in load,
In some ecescs, the movement of the peinter changed in direc—
tion and this chrnec is indicated by the symbol +,

Panel conpression tests.— The maximum axial loads car—~
ried and the tyocs of failure exhivited by the various pan-—

els are summarizoed in tables 4 and 5. These tables include
also twe valucs »f unit stress cerregpending to cach ultinate
load, Onec is the average stress obtained bt dividing the
load by the total sectional arca of the pancl from table 1.
The other is the load divided by the s.ctionsl arca sf t he
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stress cuarried ty the pancl becnuse the first computation
uses tco much #nd the second, too little of the aren of
the sheet,

For esch test the recnrded readings of the gages that
reasured the movernent of the upper platen were used to
cbtanin curves of average panel shortening against axial
lond, @s eshown in figure 10, Zirst the actual gage read—
in~s were plotted agsinst leoad and the novements of the
three gages were shown by curves 1, £, and 3. These curves
were extrupolated to zero load tno determine the shortening
which took place betweern zero load nnd the load at which
the first measurements were taken, ©Since the lower por-
tinns o0f the basic curves were gquite straight, this ex—
trapolatiocn could be done with satisfactory precision, The
readings for each load wers then averaged, the estiumated
shortening at the initial load added, and the "average
curve drawn. Since two gages were at one end of the
platen and only one was at the otlier end, the reading of
the single sag e was given double welght in ¢ unuting the
aversge., The average shortenings of the different panels
under a group of representative loads, as obtained from
these curves, are 1isted in tabdbles 6 and 7,

The approach of failure of all the panels was indi-
cated by definite signs. The sheet used in their fabrica-
tinn wae £6 thin thzt, even under the initial loads, 1t
normally exhibited buckles in tiue areas between stiffeners.
These buckles grew as the load increased, bdbut little atten—
tior was paid to the details of the development, since
that tyve of action has bteen studied more carefully by
Ramberg, McPherson, and ievy in reference * and by other
exnerimenters. Since this buckling was present throughout
the tests, it could hardly be considered a true indication
of iupending failure.

n of impending failure was usually the
buckling of the skin between rivets connecting it to the
stiffeners, Thies buckling could seldom be seen at the
center stiffener, but was easily visible at the edge stiff-
eners. Oftea this conditinn became noticeable on both
edges at the scume load, thous~h in many tests it was seen
sn one edge bvefere cn the other., These buckles developed
so gradually that it wns diffieult to know Jjust when they
began ton apoear, The loads at which they were noted in
the third set of tests are recorded in table 8. The cor—
responding data for the other two sets of tests are not

so complete, but there appe ared to be little difference

in tre range of loads at which this wrinklins first became
noticeable between the 16— and the 24—inch punel proups.

o

>
1~
8

The first ei
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As the strain was further increzsed the free edges of
the stiffeners cn some syecimens began to appear wavy and
later developed definite buckles, at which points failure
subseguently took place. This waviness did not become
apparent on many of the panels, however, until after the
maximum lrad had been passed. The loads at which it was
first noticed on ezch of the stiflfeners of panels of the
third group are listed in table 8., The approach of maxi-
mum load of some panels was warned by visible twisting of
one or both of the edge stiffeners. The lcad at which this
twisting was first noticed is also recorded in table 8 for
the third test group. On many of the nanels, however, no
such stiffener twistinsg was ncticeable, even at the end of
the test. Practically no informastion on these points was
recorded in connection with the tests of the first two
groups of panels,

The best indicatinns of approaching failure were the
drop in load while the testing machine was stopped to take
readings and the cecrease in the rate of change of load
while the testing machine was in motion. Under low loads
there was no drop in the load on the specimen while a set
nf readingse was being taken,. As the louds increased, how—
ever, it was feund that duringe the time to obtain a set of
readings the eguilibrium load of the panel decreased, al-
though there weés no change in the position of the upper
platen. At first this decrease would be a matter of only
10 pounds or so¢, but with increased strain, it became
progressively greater, and before 2z test was completed
might amount to.as much as 100 pounds. These effects can te
seen from figure 11, which shows t¢ enlarged scale the
upper portion of & curve of representative lcad against
axial shortening. The same figure shows how the slope
of the curve prcgressively decreases as the maximum Ioad
is aperoached. In the tests this action seemed more pro—
nounced than it doces in the figure and was the most obvious
sign of approaching failure, o

The actioen ~f the panels of the third group of tests
as the maximum lond was espproached and after it had been
passed was closely cbserved, In the typical cycle of
acticn, as the strein increased, the equilibrium load in-—
creased to a maximum and. then began te decrease. At times
some part of the panel gave way suddenly when the load was
at & mgximum, but usually there was scme gradual decrease
in load with increase in strain before a partial failure
and sudden drop in the equilibrium load occurred,. If the
testing machine were stopped to permit the taking of gage
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readings, as was done after each sudden drop in load or
when the amount of increase in strain made such action
apvear advisable, the equilibrium load was found to have
decreased further while the readings were being taken.

As the strain was increased after the readings were taken,
the cycle was repeated, starting with an increase in
equilibrium load, except that, after the panel hed been
very badly deformed, the equilibrium load might show no
such increase, The action of these panels under largce
strain can be followed from the record of table 9.

In this table four phases of the tyvpical cycle are
recognized and the corresponding loads are recorded,
Those recorded for phase A are the ones at which the equi—
librium load reached a maximum. The phase & loads are the
equilibrium loads Jjust prior to a sudder draop in that
quantity. When the testing machine was stcpped for read-—
ings although there had been no sudden drocp in load, no
figure is entered for that phase. The phase C loads are
the equilibrium loads when the tnking of a set of disl
gage and pointer readings was started and the phase D
loads, those when the set of readin:s had been taken and
the straining of the specimen was resumed. In order to
emphasize the few cycles in wihich trere was no drop in
load from the phase A maximum to the phase B load at whieh
there was a sudden drop, the corresvonding phase B loads
are indicated by footnotes.

The failure history of panel PD—-8 ¢can thus be resad
from the table as follows: The eqﬁilibrium load increased
to 20,725 pounds and then gradually decreased to 20,530
pounds, at which point the machine was stopped for readings.
When the readings had been taken, it was found that the load
had dropped to 20,480 pounds. With increase of strein,
the load gradually rose to 21,630 pounds and then slowly
dropped to 21,430 pounds when a new set of readings was
taken. When these readings had besn completed the load
had decreased to 21,380 pounds, but with inereased strain
it rose to 22,020 pounds and again began to decrease grad-—
uwally. At 21,885 pounds, however, there was z sudden drop
of load to 20,310 pounds dve to some failure in the panel.
After readings of strain had been taken, the equilibrium
load had further decreased to 202,270 pounds, With further
increase of strain the load rose to 20,760 pounds, at which
point there was a sudden failure that caused the load to
drop to 6,200 pounds. The story of this panel failure is
further illustrated by figure 11, which shows graphically
the variation in equilibrium load with increased strain,

In this figure the only fully validated points on the curve



16 NACA Technical Yote No. 882

areé those plotted from the rendinss far phsses € and D,
The location of the curve between such points is hypothet-—
ical, but is believed to be, at least qualitatively, cor—
rect. The broken line in the figure indicates the slope
of the load-shortening curve in the neighborhood of zero
load. -

¥Yor a more complete understanding of the action of
the third group of ponels under large strain, table 10
gives selected excerpts frowm the test legzs. The loads at
which the various events are shown 'in this table are those
corresponding to phase C of table 9, that is, the equilidb—
rium loads noted Jjust before the data were recorded.

The data on the equilibrium locads after the ultimate
had been passed are much less complete and reliable for
the panels of the first two groups than for those of the
third, Table 11 is & record of such dats: as could be ob-—
tained from the lngs of the second group of tests. In
these logs the loads Tor phase D are seldom entered, and
no clear distircticn is made between the loads fer phases
A and B, because the decision tc make & detailed study of
the gquestion wase not made until after thne second group of
tests had been completed.

Because nf the difficulty of adeauately describing
the aprcarance of the panels st failure, a set of secuence
photographs was taken of the 10—-inch spacing specimens of
the second test group. These photosraphs are shown in fig-
ures 12 to 15, The panel ready for testing and subjected
to the initial load, ususlly 2000 vounds, is shown in each
of these figures in (a)., In (b) the panel is shown just
after failure, and in (e¢) the degrece to which the specimen
returned to its original state is shown, Figures 16 and 17
are additional views of the failure of psnel FD-16, taken
at the same time as the view in figure 15(b). In the
third series of tests (most of the tests of 10—in. panels),
a group of photosraphs (fips. 18 to 33) was taken to illus—
trate the aciicn ~f the panels after the ultimate 1lnad had
been passed. After the wultimste load had been reached, the
shortening was continued until the load had considerably
decreased., Usuplly the lopd wes reduced to ahout 15,0C0
pounds, tut the amount depended somewhat on the maznitude
of the ultimate. Sometimes, the panel would suddenly fail
with a loud noise and the load drop to-sbout one-half or
two—thirds of the amount ‘that it had been carrying., The
photograph was then taken to show the deformation under
this condition. -
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For a number of the tests the angular rotations of
the pointers glued to the stiffeners were computed from
the me asured movements of their free ends and plotted
against load, - These curves for the third set of panels
are shown in figure 34 to 37. GCorresponding curves for
the other panels would be very similar. In addition, the
pointer rotations for each panel under three loads, in—
cluding the last load before the ultimate was reached,
termed the "sub—critical load" in this report, were com—
puted and recorded in tables 12 and 13, When the pointer
rotations were recorded, no correction was made for pos—
sible movement between actual zero load and the first load
at which readings were taken., This omigssion was Jjustified
by the negligible movements recorded for the first few
increments of load in every test.

The manner in which the stiffeners of each type failed
when used in the panels appeared to be a characteristic of
the design, which depended to some extent on the length of
the panel, With only one exception, and that questionable,
the failures of the Z, S5, and U section stiffeners in the
16—inch panels were primarily of the local buckling type.
As the load approached the ultimate, bulges formed in the
flanges, eventually gave way, and thus caused the total
load to drop. In panels PE-1 and PC-1, which had Z and
S section stiffeners with flanges varallel to the sheet ,
it was noticed that the buckles in the flange ad jacent to
the sheet were the more pronounced and gave indications of
having occurred first, although in all instances both
flanges buckled in approximately the same relative location.
In the other l6—inch panel tests, few notes were taken re—
garding the relative magnitudes of the buckles in the two
flanges of a stiffener, but in several tests it was noted
that the bulge in the riveted flange was larger than that
in the free flange, The failures of nearly all of the €
section stiffeners in the 16—inch panels, on the other hand,
were primarily torsional, In the test of panel PA-8, how-—
ever, the local buckling appeared to be the pr imary cause
of failure with the twistlng secondary.

In the tests nof 24—irch panels, the C section stiff—
eners uniformly failed prinmarily in torsion, though in the
panels with the wider stiffener spacings (panels FPA-14 and
PA-16) loceal buckling was noted as a contributoeory factor.
In this length, the 2 section (FB series) also appeared
to fail primarily by twisting, though normally with accom—
panying local buckling, The gtiffeners of S and U sec—
tions failed normally by local bdbuckling, though twisting
was also noticed in a number of the tests.
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On the whole, the U section stiffeners showed the
least evidence of twisting, in spite of the method used
to measure that actisn. With the cther scctions, the
pointers were attached t» the webs and mensured rotations
of the whole stiffener. The pointers were attached.toc

stiffener flanges of the U section and in some tests
nppeared 'to measure flange rotation due %o local buckling
rather than rotation of the stiffener section as a whole !

"The failures of most »f the panels after7§assing
meximum losad were gradual, the panels exhibviting 5 re—"
markable ability to be defcrmed withonut much drop. in the
equilibrium load. Some of the psnels with U section
stiffeners, however, failed rsther gnddenly. The fail-
ures of the two 24—inch vanels with 1“~innh stiffener
spacing (PD-15 and PD-16) were very similar. At maximun
load the edge stifferners suddenly twisted in tnward the
center stiffener. The failure was accoempanied by a loud
noise and a much larser drop in eguilidbrium lsad than wa s
experienced for sny of the other 24-inch vanels. In the
16—inch panel tests, also, the U sectinn panels showed
a tendency to c,mplcte and sudden collapse at final fzil—
ure, such behiavior shown by three of the Tive panels
tested. In this lensgth tendency to the explns1ve type
of failure tocok place with spac 1n£« of 4, €, and 19
inches and did not tzke place with the 8—inch or the dup-
licate 4—inch spacing panecl. In one respect the violent
failures of the shorter panels differed frem those of the
longer ones. Instead of taking place under the maximum
lcad, failure did nnt osccur until the e.nilibrium 1084
.nad passed the maxizum and hzd experienced an anpreciable
drop. ‘ -

.‘y.

Column tests of individuel stiffcners.— The ultimste
loads and corresponding unit stressés of tne individual
stiffeners tested as flat—end columas sare listed in table
14, In these tests muasurements of nidprint rotation and
‘change in slove near tke ends were -made in ~rder to deter—
mine from them the actual degree of end reztraint, dut the
arnlicsbility of the nethod proved queetlonable and those
data were not us-~d.

The shorter Z (%-1) failed by locsal buckling follow—
ing sone pl stic tending about its axis of minimum stiff-—
ness. Th S section of the same lerngth (C—1) showed a
gradual Dlustlc be ndlng over a consideratilie vortion of its
1ength. The shorter ohannel (D-1) failed primarily by
tw1st1ng The ends of this sPecimen Temained flat ageginst
the platens and the distorted column axis formed a single
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and S sectirns (-5 aud 3=5) failed in the manner chnr-—
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TABLE 1.- PANEL WEIGHTS AND DIMEWSIOQNS.
Panel Type Length | Stiff- Weight Sectional area
Stiff- | (in.) | ener {grams) {sq in.)
ener spacing! Sheet [Stiff- [Sheet [Stiff- [Total
(in.) ener ; ener
PA -1 C 16 4 177 345.5 C.x244 r0.4'/5 0.719
P4 -2 C 16 4 165 344 LRE8 V474 . 702
PA ~4 C 16 6 236 343.5 L A24 AR . 796
PA -6 C 13 8 324 345.5 . 446 AT75 .921
PA -8 C 16 10 389 343.5 . 536 472 1.008
Pi~ O C 24 4 L33 513.% e l4 .471 .G85
PA-10 G ~d 4 242 507.5 ERE L4656 . 688
ra-11 G 24 6 338.5 512 ¢ L.511 AT . 781
Pa-le C 2% 6 345 515.5 T ATE . 768
PA-13 C 24 8 477.5 8£5.5 i .ad8 . 480 .218
PA-14 C Z4 8 472 507.5 E,433 GBS L899
Piu-15 C <4 10 581.5 bl1i.5 543 LA 1.0l
A-16 C 21 10 580 515.5 53 47% 1.004
PE -1 Z 16 i 162 331 LR35 .455 , 689
PR -2 A 16 % 168.5 331L.5 L L32 .45¢ . 3688
PBE -4 Z 15 6 238.5 349.5 . 328 481 .809
PB -6 z 16 8 330 331 ‘ 455 L 455 .910
PE -8 Z 16 10 393.5 332.5 ; . 543 . 458 1.001
PB -9 Z 24 4 250 491 pRAe] . 450 679
PB-10 Z 24 4 226.5 493.5 .208 .453 L6681
PB-11 Z 24 3] 343.5 495 315 454 . 769
PB-12 Z <4 6 247 506G . 318 . 459 P77
PB-13 A 24 3 463.5 500 425 459 .684
PB-14 Z 2 3 467 495, 5 42 L4556 L8885
FB-15 Z. < 10 583 501.5 L5351 L4860 .595
PE-~16 7 24 10 581 497 .533 455 .38%
P PC -l 3 1é 4 1592.5 347.5 eR0N 478 L8488
i PC - S 16 4 164 346,95 226 477 703
PC ~u S 156 5] 235,5 342 .35 171 . 796
PC -6 S 16 8 309 332,56 L4R7 .459 ‘ .886
PC -8 S 16 10 372.5 248 .51 475 .980
¥C -9 S 24 4 25z 517 boueialoLavi | LoET
Pe-16 | S 24 4 235 516.5 | L2lo| .44 1 B9 |
¥C-11 3 £4 3] 38,5 Hib S0 AV
PC-12 | S 24 5 352 511 P Lace
PC-13 3 24 e 456 515.0 . Lele ] 4T a1
FC-1i4 S <4 8 457.5 £17 | 140 AT i
PC-18 N 24 10 576.5 504.5 5 PAS) A0S 29
Pe-1e6 S va 10 578 SO0 5 H e L 419 jelim
Fo -1 U 17 4 164 348 L JATY L7035
Py =2 U s 4 165.5 353 230 LABD LTLS
FD -4 U 1 G 237.5 545 e L4701 . B03
PL -G U e 8 290 544 400 A 874
PD -8 U 16 10 390 345 540 A7 1.0x1
P ~Y 18] < 4 240 520 L2G ATT 5U7
Ph-11 u L4 6 369 509 H3G LAB7 L8086
pD-12 U 4 g 545.5 S0 VBT CACT 778
PL-13 1) 4 8 464 513.5 LALE 47 8o
PD-1 9] “4 8 471 514 A3 47 L OU4
PL-15 U 4 10 589 516 L Hal A7E 1.014
PD-16 U 24 10 593 513 h44 L47] 1.015
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TABLE 2.- PANEL STIFFNESS FROM SIMPLE BENDING TESTS.

Stiti- | Panel |Measured |Computed| Max- {Experimentally determined EI valuesc

ener I, EI, imum
spacing load jSheet in tension |Sheet in compression
(in.) (2) (b)

EI; | EI; |EIz | EI, |EIp |Elg

4 PA-10} 0.0281 | 300 276 130 } 202 | 181 | 134 173 | 144
PB-10{ .0307 | 316 3786 3501 379 | 389 | 270 319 | 347
pC-101 .0319 | 329 276 430 | 44R | 439 | 387 419 | 419
6 PA-1% L0312 | 321 526 153 1 237 | 201 | 169} 200 | 147
PB-12| .0328 | 338 326 3571 451 | 418 | 389 352 | 26=
PC-12} .0323 | 333 351 464 | 507 | 447 | 439 445 | 410
| PD-12{ .0118 | 12 &76 175¢ 196 | 179 | 1641 171 | 165
8 PA-14} 0279 | 287 k76 1551 194 | 179 | 113 186 | 173
PC-14 0341 | 351 376 4R7 1 550 | 422 { 4091 432 | 389
PD-14 ,0115 | 118 R76 149} 185} 161 | 169 169 | 157

10 PA-16 0311 | 3:0 226 1431 211 § 185 | 127) 224 | 14

Sn)\easured I-" in column 3 1is the moment of inertia of the center
stiffener about a centroidal axis parallel to the sheet, computed
rom measurements of the actual stiffener,

"Computed EI5" in column 4 is the value in column 3 multiplied by
10,300, Tubulated values are in thousands of pound-inch units.
CvExperimentelly determined EI values" in columns 6 to 1l are
computed from the slopes of the load-deflection curves of the
individual stiffeners, using the relation EI = 201,.6W/6, EI, and
EI,_ pertain to the edge and EI_ to the center stiffener. Tabulated
va%ues are in thousands of pourid-inch units.
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TABLE 3.- STIFFENER TWIST OF PANELS IN BENDING.

[hotltion is positive when pointer readings increase

with increase in load. Plus or minus sign indicates
that & change in direction of motion was noted. ]

Panel Arm Total Movementy of end of|pointer
lengtl load ,

(in.) | (1b) 1 2 3
(1in.) (in.) (in.)

Sheet 1in Tension.
PA - 10} 10-5/81 276 40,80 +0.40 +0.47
PB - 10} 10-1/4] 350 - .05 4+ .04 | 4 .05
PC - 10§ 10 326 + .05 + .09 + .02
PA - 12} 10 326 + .99 + .46 + .50
PB - 12| 9-3/4] 326 + .09 + .03 - .10
PC - 12| 10-3/4| 351 + .02 + 01 - .12
PD - 12| 9-3/4f 276 + .11 - .03 - .05
PA - 14]10-3/4] 2786 + .90 + .49 % .53
PC - 14} 10 376 + 28 + .09 - .16
PD - 14| 8-3/4} 276 + .22 + .08 * .05
PA - 16} 10-1/4| 226 + .75 + .40 + .40
Sheet in Compression

PA - 16] 4-1/2 ] 226 +0, 37 not recs +0.37
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TABIE 4.- JLTIMATE LOADS AND UNIT STRESSES ON 24-INCH PANELS.
Panel | Ultim- | Stiff- [Average|Total |Average | Percentage|Test |Type
ate ener {(stiff. |area |ulti- variation |group| of
load |[area ener mate Ulti- |Av- failure®
stress stress mate |er-
load |age
str-
(1v) (sq in.)(1b/sq|(sq (1b/sq ess
in.)| in.) in.)
4-inch stiffener spacing
PA- 91 16,200 0.471 | 34,400 }0.685 { 23,600 1.2 | <13 1 T
PA-101}116,000| .466 {34,300 | .688 | 23,300 ' ) 2 T
PB~- 917,200 .450 }38,200 ] .8791{ 25,300 - .5 2.4 1 ,L
PB-10| 17,1204 .453 137,800 { .661 | 25,900 ’ R 4 T,L
PC- 9]120,800{ .474 {43,900 ] .687 | 30,300 1.7 1 2.3 1
PC-10} 20,450] .474 143,100 | .890 | 29,600 ) ) 2 L,T
PD -9118,400) .477 | 38,800 | .697 | 26,400 1 L
, 6-inch stiffener spacing
PA-111] 14,600 .470 §31,100 | .781 {18,700 8.9 8.0 1 T
PA-12 ]| 15,9001 .472 $33,700} .788 | 20,200 ' ' 2 T
PB-11] 16,500 | .454 | 36,300 | .769 | 21,400 6.1 141 T,B
PB—lZ{ 17,500 ] .459 38,1001 .777 ] 22,500 ' ’ 2 T,L
PC-11} 21,000 .475 | 44,400 . 792 | 26,500 2.6 2.6 1 L
PC-12 ) 20,450} .469 | 43,600 ] .792{ 25,800 ' Ut 2 L,T
PD-11118,400] .467 {39,400 ] .806 | 22,800 2.3 1.3 1 L
PD-12 ] 17,985 .461 {39,000} .778 | 23,100 ' ! 2 L
8-inch stiffener spacing
PA-15} 17,100 .480 { 55,600 .918 { 18,600 _11.7 -9.7 1 T
PA-14 1 15,100 .466 §32,400 | .899 ] 16,800 : 12 T,L
PB-131} 17,900} .459 | 39,000 | .884 ] 20,200 - 9| -1.0 1 T,L
PB-141 17,740} .456 | 38,300 .885} 20,000 ‘ B T,L
PC-131{ 20,800} .472 ] 44,000 ] .890 } 23,400 1.6 9 1 L,T
PC-14§ 21,135} .474| 44,600} .894} 23,600 ) Ty 2 L
PD-13{ 18,000} .472 } 38,100} .898 | 20,000 1.2 1.0 1 L
PD-14{ 18,210} .472} 38,600 | .904 } 20,200 ' ' 2 T,L
i 10-inch stiffener spacing _
PA-151 15,600 .469 | 33,300 } 1.012 | 15,400 4.6 -3.9 1 T
PA-16}] 14,875§ .472 | 31,500 }1.004 | 14,800 ' ' 2 T,L
PB-15} 17,300{ .460} 37,600 | .995} 17,400 5.7 6.3 1 T
PB-16} 18,2801 .456 | 40,100} .989} 18,500 : U1 2 T,L
PC-15} 20,000] .463 | 43,200] .992 | 20,200 .2 0 l L,T
PC-16§ 19,950} .459 143,500} .9891 20,200 ' 2 L
PD-15} 17,500 .473} 37,000 §1.014} 17,500 g 0 1 L,T
pD-164 17,600{ .471} 37,30011.01.5} 17,300 ) 2 L,T

8Notation of types of failure:

B, bending

L, local buckling

T, torsional
Where two types of failure were observed in the same test, the

one that seemed to be the primary type is listed first.
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TABLE 5.- ULTIMATE LOADS AND TUNIT STRESSES FOR 16-INCH PANEILS.
Panel | Ulti- | Stiff- Average|Total | Average [|Percent Test |Type
matge ener |stiff- |area | ultimate |variation | group| of
load |area ener stress Tlti- [Av~ fajilure
stress mate |er-
load |age
str-
(1v) | (sq (1v/sq | (sq (1v/8q ess (a)
in.) in.) in.) in.)
4-inch stiffener spacing
PA-1 { 19,50C | 0.475 | 41,000 }0.719} 27,100 1.5 1.1 1 T
PA-2 | 19,200 .474 {40,500} .702} 27,400 T ‘713 T
PB-1 | 19,000 | .455 {41,800} .689] 27,600 z 4 1 L
PB-2 |} 19,050 406 141,800 ] .e88§ 27,700 ) ’ 3 L,T
PC-1 | 21,700 | .478 {45,400 | .698 1} 31,100 5 3 1 L
pPC-2 | 21,800 { .477 |45,700 | .703} 31,000 ' ' 3 L
PD-1 |} 21,400 | .479 {44,700} .7051} 30,300 2.9 1.6 1 L
PD-2 | 22,020 | .485 145,400 1 .715{ 30,800 : i 5 L
6-inch stiffener spacing
PA-4 | 18,800 | .472 {39,800 | .796] 23,600 3 T
PB-4 | 21,100 .481 }45,800 | .809 { 26,100 3 T,L
PC-4 | 21,475 .471 {45,600 | .796 | 27,000 3 L
PD-4 ] 22,225 | .475 |46,800 | .803] 27,700 b L
8-inch stiffener spacing
PA-8 19,520 .475 {41,100 .921 § 21,200 3 T
PB-6 { 19,895 .455 143,700 { .910 } 21,900 3 L
PC-6 | 20,250 | .459 44,100 | .886 {22,900 3 L
PD-6 21,610 .474 145,600 .874 | 24,700 3 L
e 10-inch stiffener spacin
PA-B | 19,770 | .472 |41,900 J1.008 | 19,600 3 {L,T
PB-8 | 19,720 | .458 |43,000 }1.001 | 19,700 3 L
PC-8 | 21,510 .476 |45,200 % .990 | 21,700 3 L
PD-8 | 22,020} .475 |46,400 {1.021 {21,600 3 L

8Notation for types of failure:

L, local buckling

T, torsional
Where two types of failure were observed in the same test, the
one which seemed to the observers to be the primary type is
listed first.
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TABLE 5.- AVERAGE SHORTENING OF 24-INCH PAWELS UNDER VARIOUS LOADS.
Panel Shortening in inches/10,000 under load P of Sub-
critical
5,00n|10,000(12,000{14,000(15,000|16,000 [18,000| Sub- load?
critical
(1v) | (av) | (v) | (av) | (v) | () | (1v) load (1b)
4-.inch stiffener spacing
Pa -9 201 401 488 584 641 - - - - 721 15,830
PA-10] 212 423 508 596 658 - - - - 695 15,415
pB -of =205| 411} 496{ 589} ea0| 702{ - -{ 813 | 16,990
PB-10| 213 427 515 612 661 715 - - 815 16,730
PC -9} 206 411 494 586 635 686 806| 1044 20,485
pPC-10| 210 4221 510 604 655 710 835| 1148 20,450
PD -9| 192 389 474 561 606 655 784 805 18,140
8-inch stiffener spacing
Pa-11} 201 400 483 583 -1 - - - - 585 14,040
pPa-12| 202 404 485 575 633 - - - - 715 15,600
PB-11} 222 404 489 584 635 705 - - 712 16,215
PB-12} 190 394 | 480 570 615 665 - - 750 17,100
pPC-11} 201 399 484 572 619 669 786 922 19,675
pPC-12f 192 400 495 590 638 €87 805 986 20,070
PD-11} 196 389 467 556 599 648 793 798 18,035
PD-12| 207 415 498 589 637 687 - 812 17,500
8~inch stiffener spacing
PA-13} 190 380 458 544 590 647 - - 748 16,835
PA-14] 195 399 505 684 - - - - - - 760 14,500
PB-13] 193 383 468 554 601 653 - - 741 17,355
PB-14] 210 415 496 585 631 685 - - 767 17,220
PC-13] 203 403 486 575 620 670 783 978 20,305
PC-14] 205 405 485 570 615 667 793 1090 20,110
PD-13} 198 393 473 561 609 661 - - 763 17,485
PD-14] 195 385 463 550 600 655 715 757 17,705
10-inch stiffener spacing

PA-15] 189 376 454 543 601 - - - 4 678 15,400
pa-16] 199t 397 am} s - -1 --} - -] 84 | 13,785
PB-15} 191 380 459 545 591 639 -~ - 770 17,355
PB-18{ 190 390 470 560 610 660 - - 750 17,450
PC-15f 199 397 481 567 611 663 782 953 19,790
PC-16] 216 426 508 596 646 700 833 966 19,310
PD-15} 192 385 468 553 599 648 - - 731 17,200
pp-16] 186 380 465 555 602 660 - - 710 17,060

8gub-critical load is last load before the ultimate.
Reading for P = 13,000 1bs.
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TASLE 7.~ AVERAGE SHORTENING OF 15-INCH PANELS UNDER VARIOUS LOADS
Panel Shortggghg iz inches/10,000 under 1sas P of Sub-
[ e critical
£,000/10,2000[15,500116,500 |18,000119,000| 20,2001 Sub- load?®
l leritical
(10) 1 (1v) | 1) | (1b) | (1) | (1b) | (3v) | load®

4- inch stiffeneT Spacing
PA-1{ 138 2717 431 485 553 625 Y 19,015
PA-2{ 145 287 138 491 566 - - - - 650 18,920
PB-1{ 142 284 458 495 571 - - - €39 18,875
PB-2| 140 2801 432 480 555 - - 655 18,770
PC-1{ 138 271 4 477 538 585 843 769 21,335
PC-2| 138 275 A5 478 535 580 658 750 21,310
PD-1} 137 271 416 466 522 566 516 743 21,405
PD-2} 130 262 410 460 515 555 EC0 710 21,625

: !

5-inch stiffener spacing
PA-4{ 130} 262 407 452 532 - - - - 580 18,360
PB-4{ 125 256 400 450 508 550 604 705 | 20,680
PC-4| 118 245 398 452 518 568 622 700 20,960
PD-4} 128 258 395 441 498 540 585 €90 21,525

8-inch stiffener spacing
pa-6| 125 250 395 446 500 560 - 620 19,320
PB-6{ 125 250 402 457 520 582 . 622 19,480
PC-61 13D 260 416 470 530 582 - £90 19,985
PD-6{ 130 261 403 455 513 558 508 728 21,280

10~inch stiffener spacing
PA-8 ) 128 255 390 428 491 536 - 575 19,350
PE-8 | 130 259 4073 456 520 570 - - 550 19,300
rc-8 | 122 251 400 450 505 549 800 660 21,100
PD-9} 125 250 285 430 480 518 560 628 21,410

Be sub-critical load is the last load ab which readings were
teicen before the ultinate load.
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TABLE 8.- LOADS AT INCIPIENT FAILURES OF TEST GROUP 3.

Skin buckles Stiffener waviness Stiffener twist
Panel

Stiff- | Stiff-| Stiff- | Stiff- | Stiff- | Stiff- |Stiff- |Stiff-

ener 1| ener 3| ener 1 | ener 2| ener 3 | ener 1 |ener 2 |ener 3
pa-2}12,015 f12,015 | 18,7002}18,700%]18,700%{18,520 117,300%|18,520
pa-4}15,000 $15,000 | 16,380%{18,330%}16,445 18,5502 - 17,910
PA-6{13,495 |14,970 | 17,02098{19,340 {19,160 {18,320 [18,320%|19,340
pA-8{17,010 |12,010 | 17,795%{18,970%(17,795% {18,770 - 19,370
pB-2]15,000 |15,000 | 18,300%|18,30c%{18,630 {18,770%| - -
PB-4]13,530 |16,455 - 20,660 {20,660 [20,660 - -
PB-6|13,520 {18,670 | 19,180218,670 {19,180%(19,180%} - -
pB-8|14,995 {18,020 | 19,1002|18,745 |19,1002] -  |15,680%} -
pC-2{16,470 {10,530 | 20,680 }19,040 {18,040 - - -
PC-4{14,965 {14,965 | 20,960 20,960 {20,435%} - - -
PC-6]14,960 {11,990 {19,090 |19,985 |18,260%| - - -~
pC-8110,575 | 9,070 |20,680%|20,680%|13,420%| - - -
PD-2}12,015 {12,015 }21,100 {19,140 }21,100 - - -
pD-4}10,520 {10,520 | 21,525 21,525 }22,225 - - -
PD-6{10,475 {10,475 }=20,350%}21,280 }14,980 - - -
pD-8}12,000 {15,020 20,530 - - - -

20,530

&After maximum

lo0ad had been passed.
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PABLE 9,- PANEL ACTION OF TEST GROUP 3 IN FAILURE.
Cycle|Phasd PA-2 | PA-4 | PA-6 | PA-8 | PB-2 PB-4 | PB-5 |PB-8
€e) - :

1 A [19,200 |18,160 |19,520 |18,770 {19,000 |21,100 |19,895 {19,720
B | - - - 1 - - - - 19,720
¢ |18,920 {17,910 {19,340 |18,870 {18,770 {20,660 |19,180 |19,100
D |18,860 {17,890 |19,280 |16,890 |18,700 {20,600 |19,120 |19,035

2 A |19,200 |18,580 {19,520 {18,220 {19,050 {20,950 |19,520 {19,320
B |18,700 | - S - 18,450 | - -

C '|18,300 |18,360 {19,070 |18,780 {18,300 {17,310 |18,140 [18,920
D |18,230 |18,320 19,000 |18,720 {18,260 {17,250 |18,060 [18,850

3 A ¢|18,600 {18,800 {19,320 {19,020 {18,475 |18,000 |18,420 19,120
B - - 19,320°| - - 15,200 |18,280
c |17,300 {18,330 {18,320 |18,260 |17,550 {14,820 |17,520 [18,180
D ‘{17,250 {18,300 {18,260 {16,110 {17,500 {14,685 |17,410 [18,120

4 A {17,600 {18,750 {18,720 {18,420 117,900 17,670, 118,360
B 17,320 | - A - 17,670" |18, 360
¢ ‘{17,000 {17,500 17,820 {17,795 16,800 16,820 [15,395
D {16,950 |17,400 |16,920 |17,865 {16,740 16,790 |15,335

5 A {17,300 {17,800 (17,520 {18,020 {17,100 17,220 15,920
B - - 16,850 {17,410 {16,610 - 15,680
¢ {16,180 |16,380 |15,820 {16,950 |16,000 15,970 15,140
D |16,110 |16,300 15,770 }16,840 {15,970 15,880 | -

6 A 16,400 {17,000 }16,120.}17,820 |16,300 16,220
B - 16,350 | - | - 15,750 -
¢ 115,150 {15,500 |15,220 |1¢,420 15,300 14,900 :

D 415,100 15,380 - 134,020 |15,250 14,870 |

7 A 15,500 115,600
B {14,800 Z
C {34,570 113,780
D 14,460 13,700

®pnase A is maximum load of cycle.
‘Phase B 18 load just before failure.

Prsee C is load just.after fallure.

‘Pnase D is load after taking dial readings and just béfore

'.PNO -dec

starting next cycle.
rease in load between phases A and B.
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Cycle| Phagel PC-2 | PC-4 PC-56 | PC~-8 |[PD-2 PD-4 | PD-6 |PD-8
1 A 21,800 {21,475 |20,250 }21,510 {22,020 {21,700 |21,610 {20,725
B - - - - - - - -~
C 21,190 {20,750 {19,550 }20,680 |R1,670 21,525 |21,280 {20,530
D 21,150 |20,700 |19,490 |20,620 {21,550 {21,450 |21,240 120,480
2 A 21,600 {21,100 19,950 }21,020 {22,000 {22,225 |21,750 {21,630
B - - - 19,380 - - - -
c 20,890 {20,435 }18,260 }18,680 }20,840 20,935 |R0,350 |21,430
D 20,790 {20,385 118,210 }no rec {20,700 {20,900 {20,250 {21,380
3 A 20,900 |20,900 {18,700 {19,020, {21,100 |21,400 {20,500 {22,020
B - - - 19,0207118,600 - - 21,885
C 19,250 {19,140 {16,160 {16,320 {18,510 }|19,450 }15,860 } 20,310
D 19,190 |19,060 {15,980 {no rec }18,450 {19,320 {15,780 |20,270
4 A 19,600 19,400b 16,300 {16,920 18,850b 19,700 20,760b
B 18,110 {19,4007116,180 - 18,8307{19,130 20,760
C 17,425 {18,580 13,570 [13,420 | 8,950 | 7,526 6,200
D 17,350 }18,530 8,950
5 A 17,800 {18,950
B 17,150 (18,150
C 16,520 |17,400
D | 16,470 |17,350
6 A 15,900 17,800b
B - 17,800
C 14,550 {16,600
D 14,400 }16,550
7 A 17,000
B -
C 14,240
D 14,120

°No decrease in load between phases A and B,
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TABLE 10 - EXCFRPTS FROM LOGS OF PANEL COMPRESSION TESTS

Panel Load Remarks
(1b)

PA-2 18,300 Stiffener 1 failing toreionally with secondary local bucklling.
Same action, but not eo pronounced in stiffener 3. 8tiffener 2
shows local buckling with secondary twist.

17,300 All deformations much increased and deformastion of gtiffener 2 now
appears primarily torsional and secondarily local buckling.

15,150 Deformations have been increasing continuously.

PA-% 17,910 8light noise due to sheet buckling. Stiffener 3 definitely twist-
ing.

18,360 Stiffener 3 twisting considerably. Stiffeners 1 and 2 show no
distress.

18,330 Stiffener 2 now has a buckle. S8tiffener 1 shows no real dietress,
but is starting to twist.

17,500 Same deformations more pronounced.

16,380 Stiffener 1 now badly twisted. Both 1 and 3 are primarily twist-
ing; whereas 2 exhibits primarily local buckling. Stiffener 1 also
has a local buckle, but stiffener 3 has none.

15,500 Loud noise as buckles increase with sudden drop in load.

PA-B8 19,340 No particular action at maximum load. Stiffener 2 shows signs of
buckling of riveted flange. Stiffener shows combination of twiet-
ing and local buckling.

18,320 Stiffener 3 failed with sharp noise. Stiffener 2 is buckled on
riveted flange and to less extent on outer flange. It is also
somewhat twisted. Stiffener 1 is twisted, but shows no serious
local buckling.

17,020 Stiffener 1 now shows local buckling as well as considerable twist.

15,830 Stiffener 2 failed noisily.

PA-8 18,970 Edge stiffeners are considerably twisted, but have not falled.
gtiffener 2 has failed by local buckling or flanges near midheight.

17,795 Edge stiffeners showing local buckling ac well as twisting.
16,950 Drop of load probably due to increased buckling of etiffener 2.
14,420 Stiffener 1 is bearing egainst testing apparatus. The panel is
badly deformed with edge stiffeners twisted and all three buckled
locally . XNo rivets had failed.
‘PB~2 18,300 Stiffener 3 appears to have falled, primarily by local buckling.

17,550 Stiffeners 1 and 2 appear to have falled primarily by local
buckling.

PB4 17,720 Slight noise from sheet buckling, nc other change.

20,660 Stiffener 1 twisting. 8tiffener .2 has wavy outer f{lange. 8tiff-
ener 3 has buckle in outer flange.

17,310 Loud noise with pronounced failure. Stiffener 1 swisted with sec-
ondary local buckle. 8tiffeners 2 and 3 have fairly large -buokles
with secondary twisting. One rivet failed on stiffener 3.

PB-6 19,500 (Before max. load.) Outer flange of stiffener 2 buckling locally
and appears ready to fail.

19,180 Buckle in flange of stiffener 2 slightly larger. Stiffener 3 appears
to have falled by local buckling of both flanges near midheight.
S8tiffener 1 shows twist and incipient local buckling. No noise.

18,140 Same failures more pronrounced.

17,520 Sharp noise due probably to change in buckle pattern of sheet.

16,820 Sharp noise with intensification of stiffener buckles.
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TABLE 10.- EXCERPTS FROM LOGS OF PANEL COMPRESSION TESTS (Contd.)

Panel Load

PB-8

PC-2

PC-6

PC-8

PD-2

PD-6

PD-8

(1b)
19,100

13,395

15,140

21,800
20,890
17,425

20,750
18,580

17,400
16,600
19,985

19,550
18,260

16,160
13,570
20,680

18,680

16,320
13,420

21,670
20,840
18,510

8,950

19,450
7,525

20,350

15,860

30,310

6,300

Remarks

doise at failure not loud. Definite local buckling of outer flange of
stiffener 1 and incipient failures of outer flanges of stiffeners 2
and 3.

Two noises heard before load reading could be taken. Bad local buck-

ling of stiffener 1 and moderate failure of stiffener 2. 8tiffener 3
shows distress but is in fairly good shape. Rotation pointer knocked
off stiffener 1 in the failure of that stiffener.

gtiffener 2 rotated until pointer struck test apparatus. Stiffener 2
also badly buckled, but stiffener 3, although buckled locally, is still
holding considerable load.

Buckle forming in stiffener 3.
Stiffener 3 appears to have failed by local buckling.

Stiffeners 1 and 2 appear to have failed by local buckling. A riveg
has failed in stiffener 3.

Stiffener 1 appears to have failed by local buckling with secondary
twist. .

Sstiffeners 2 and 3 show considerable distress, but have not completely
failed.

stiffener 2 has failed by local buckling.
Stiffener 3 has failed by local buckling with secondary twist.

(Before max. load.) Three waves in outer flange of stiffener 1, one
on flange of stiffener 2, no definite buckling of stiffener 3.

Failure of outer flange of stiffener 1.

Bad bulges in outer flanges of stiffeners 1l and 3. Smaller bulge on
flange of stiffener 3.

All stiffeners show large buckles.
Loud noise accompanied fallure. Principal fallure that of stiffener 1.

Local buckles in both flanges of stiffeners 1 and 2. None on ptiff-
ener 3.

Bad local buckling of stiffener 1, moderate buckling of stiffener 2,
none on 3.

vore failure of stiffener 1 but stiffener 3 still holds.

stiffener 3 buckled near upper end. No sudden failure of this gtiff-
ener during the test.

stiffener 3 appears to have failed by local buckling.
stiffener 2 appears to have failed by local buckling.
Stiffener 1 appears to have failed by local buckling.

The panel failled with a loud noise and suddenly greatly increased
deformation. The load drop was from 18,830 to 8,950.

Sstiffeners 1 and 2 appear to have failed by local buckling.

When the load was 19,130, the panel failed completely with a loud
noise. After this failure stiffener 3, although much twisted, appeared
in relatively fair shape, but stiffeners 1 and 2 were badly buckled.

Buckle in stiffener 2 fairly large. Stiffener 1 showing waviness.
Buckles in stiffener 3 considerably increased in size.

All three stiffeners are buckled near each end and equilibrium load
is decreasing as strain increases. At no time in this test did any-
thing give way with a noise.

Platen dial no. 1 suddenly dropped back from 0.057 to 0.053. Stiff-
ener 1 suddenly buckled, followed shortly by gtiffener 2. Stiffener
3 showed no distress.

When the load was 20,760, stiffeners 1 and 2 failed with a loud noise,
but stiffener 3 showed no distress. The load dropped to 6,200.
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TABLE 12.- POINTER ROTATIONS FOR 24-INCH PANELS
[?oasured in radians/l.OOé]

Panel| Sub- Stiffener 1 Stiffener 2 Stiffener 3

crit-

ical |8,00012,000(|Sub- [8,000(12,000| Sub-~ |8,000{12,000| Sub-

load crit- erit- crit-

ical ical ical

(1v) | (1) [(1v) load {(1b) (1b) |load |{1b) (1v) {loed
PA -9}15,830 - - -~ 0 +5 - - -
PA-10]15,415( -11 -26 |-129 0 -4 -5 +1 +11 | +80
PB -9|16,990 - - - +3 +6 -4 - - -
PB-10|16,730] -6 22 -1 -1 -4 |-103 t+4 +15 W2l8
PC -2}20,425 - - b *l -1 -25b - - “b
PC-10{20,450} -5 ~-15 | -51 0 0 -7 0 +1 | +25
PD -9|18,140) - - - *3 s | ¥35 - - -
PA-11]14,550} -10 -30 {-209 -4 ~3 | 414 | +10 +32 400
PA-12]15,600 -5 ~-14 }-172 +7 +16 | 65 +5 ¥ 26 227
PB-11]16,160] -10 -29 |-145 0 0 +6 -14 -22 |-165
PB-12117,100 -4 -5 -67 -2 -7 -65 +3 +11 (129
PC-11}20,580| -5 -16 |-141 -4 -9 | -64 -1 +2 | +90
PC-12120,070 -9 -14 |~111 +1 -1 -10 +5 t9 |*182
PD-11118,035 -7 -7 -6 0 -2 -16 +14 +23 | +49
PD-121{17,500 -2 +1 -14 -4 ~-10 -28 +2 -7 +10
PA-13116,835] -11 ~24 J-R26 +3 £ -4 +9 +23 H185
PA-14114,500 -5 -13 ~27 -4 +1 +48 | 28 | +240 +53S
PB-13117,355 -7 -16 §-122 -4 -6 +ll +1 +8 | +78
PB-14)17,220 0 -1 ~45 +12 +12 +13 | t21 42 w179
PC-13{20,305f -& -10 | -97 -1 -4 1 -386 3 +9 [rl25
PC-14]20,110 -4 -15 -66 -5 ~13 -48 -1 +4 ¥ 65
PD-13117,485] +9 rls |+34 +6 +8 | v22 | -12 -24 | -86
PD~-14}17,705) -4 -4 | -12 -1 -5 1 -15 -7 -4 0]
PA-15]15,400| -12 -38 |-R39 -5 -10 |-135 -3 +3 | +90
PA-16}13,785( -7 -28 | -5l 0 0 +6 +7 +31 k216
PB-15|17,215 -8 ~-26 -1k4 -3 -6 -34 -1 -5 =23
PB-16417,450] -2 -8 { -42 -5 -13 | -81 45 %7 1454
pC-1519,860]| © 5 |-59 | -4 | -12| -64 | 5 | +11 {154
PC-1619,310| +3 0 | =55 +3 +9 | t+48 +3 +13 | +78
PD-15}17,250| +3 +5 | +16 r2 +1 | +11 -6 -7 { -18
PD-16 {17,060 | +3& +55 258 -6 -15 ~-37 -8 -10 -14

8
Under 16,715 pounds, pointer knocked off before next reading
could be taken.
Under 18,000 pounds, no readings were recorded for higher loads.
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TABLE 13.- POINTER ROTATIONS FOR 16-INCH PAKELS

[&easured in radians/l,OOd]

Parel Sub~ Stiffener 1 Stiffener 2 Stiffener 3
crit-
ical [15,000|18,000fSub~ |15,000[18,000|Sub- |15,000|18,000| Sub-
load erit- crit- crit-
ical ical ical
(16) | (16) | (1b) [load | (1B) | (1®) |lomd | (1B) | (1b) |lomd
PA-1 | 19,015 - - - +2 -3 -20 - - -
PA-2 | 18,9201 -8 -38 1-108 -7 -25 -81 +8 +27 Tré2
PB-1 | 18,450 - - - -6 -17 -26 - - -
PBX 118,770{ -5 ~-11 ~33 +3 +3 *17 | +13 +42 {+140
PC-1 |} 21,335 - - - -5 -12 -37 - - -
PC-2 {21,310 -3 -8 -38 -3 -8 ~2& +5 18 *50
PD-1 | 21,405 - - - +5 +10 31 - - -
PD-2 {21,825 -5 -10 -40 0 C ~-10 +5 t8 +30
PA-4 18,360 -12 -22 -28 0 -10 -16 | +28 {[+120 [+208
PB-1 | 20,660 -5 -11 }-105 0 0] +15 +8 +18 +40
PC-4 |} 20,960 ¢} -2 *l7 -6 ~-10 -18 +5 +9 ¥ld
PD-4 {21,525) +5 +8 +15 0 0 0 0 +3 +12
PA-6 18,320 | -12 =21 -45 -2 +5 +40 1 +18 +40 4144
P3-6 19,480 | -12 -23 -50 *15 +34 +75 +13 +25 +52
pPC-6 ]19,985] -4 -5 ~25 0 0 +10 0 0 -17
PD-6 21,280} +8 +10 +20 0 o] -4 -14 -23 -40
PA-8 19,350 { -1¢ -40 -74 0] 0 +15 0 -6 ~18
PB-8 }19,300{ -5 -5 -12 0 -5 -21 0 0 ~-30
PC-8 }]21,100] -5 -7 -10 0 0 *12 0 0 -12
PD-8 }21,410] =9 +11 +18 -4 -8 -13 -3 -4 ~7
TABLE 14.- ULTIMATE STIFFENER LOADS UMDER AXIAL COMPRESSINY.
Speciren | Shape| Ultimate| Ultimate Thickness;I, mini- QEI/L?
load stress t mun
(1v) (1v/8q (in.) (in.4) (1b)
in.)
18 - inch Length

B-~-1 Z 5,080 32,400 0.0642 {0.00520( 2070

c-1 S 5,900 37,600 0.0647 [0.00622] 2480

D-1 Cc 4,730 30,000 0.0649 0.01105 4400

24 - inch Length

B~ & Z 2,940 19,000 0.0635 {0.00515 910

c -5 S 3,960 24,300 0.0641 10.00616| 1080

D-5 c 3,240 20,300 0.0656 {0.01118| 1970
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Figure 1

NOMINAL SPECIMEN DIMENSIONS

Typlcal Panel

’ b"* Material
b T N sheet - 245-T
I‘//T/ Stiffeners - 24S-RT
M Sheet thickness - 0.025 in,
Stiffener thick.- 0,064 in.
Rivets - 3/32" 4., brazier head
A17S-T Al. Alloy
L 3/4 1n, pitch
b =4, 6, 8, and 10 in.
//////x~ L = 16 and 24 in.
!/ LPLJ‘/

o

Typical Stiffeners

C section

t 2.064" Z section S section U section

!

T

1o’ _

|
N I

(B) (C)

stiffener Sections

Developed length Section A, B, and C Section D

of center line, s 2.52 1in. 2.52 in.
Thickness, ¢ .064 in, .064 in,
Cross-section area, A .161 sd.in. .161 sq.in.
Inside radius of bends, r 3/32 1in. 3/32 in,
Moment of inertia, I (about c.g.)  .0316 inl ,0109 inl

Note: Rivet center line is in the center of the flange flat
except for stiffener C; for C the position of rivet center

line is given above.
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Figure &2.- Panel bpending
test,side view.

Figure 3.~ Panel bending test, three-
quarter view.

Figs.

2,3
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Figure 4
LOADING DEVICE FOR PANEL BENDING TESTS
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o
L' L'
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Figure 5

SKETCH OF OFF SET
FITTING

Y

Figures 4 and 5.
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1b

Load per stiffener,

140T
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IR ¥ )9/ s
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882

Figure 9.~ Load deflection curves for panels in bending, 5-inch
circle spacing, center stiffener only.
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