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I SUMMARY

This thesis discusses an experimental investigation
of the stress distribution across a stiffened thin sheet
punel under compression. The effect of bending stresses
and curvature of the sheet on extensometer readings is
also dealt with. An attempt is made to determine a
rationsl design eriteria for rivet:spacing on stiffened
thin sheet under compression. Design curves of rivet
spacing against thickness are developed. The effeat_o!
changing the‘rivet spacing or size on the ultimate load
of a compression panel is discussed in viéw of some

experiments.
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IIT INTRODUCT ION

™he introduction of "stressed skin" construction into
airplanes, created a large number of new structural nroblems.
One of these ls the determination of the effect of sheet
attachments on the behavior of the sheet and built up strue-
tures when under compression loads.

This problem divides itself into several parts,

a.) Effect of various types of fastenings,

b.! Effect of attachment sn»acing on the sheet,

¢.) Effeet of spacing on the reinforcement, i.e.
stiffness or corrugation.

d.) BEffect of spacing on ultimate load of
compression panels.

Upon looking through the literature the author found
a great deal of information on the behavior and design of
riveted joints. Large numbers of formulas and charts giving
the strength of riveted joints with which the designer of
"gtressed skin™ construction is confronted, cen be found.
However, no sound design criteris could be found on the
attachment spacing of thin sheet to reinforcement where the
unit was under compression.

™he author became interested in this problem when
Lt., C. B. Hutching found that there was a variation of
strength of compression panels with a variation in attachment
methods. It is obvious that there must be some variation,
for if we consider the two limitingz conditions, line support
or attachment between sheet and reinforcement, ené no support
or attachments, we see that there must be a change in the
compresaion strength.

L4. Hutchins found out that for the same spacing
between attzchments that a sheet stiffener combination would
carry more load if spot welded, than if it was riveted, and
more load if it was riveted than if it was bolted. Also,
that as the attachment spacing increased the failing load
of similar nanels decreased. The author felt that due to
the increasing use of semi-manoque construction, where thin
sheet panels are under compression, this effect should be studied
further.



IV INVESTIGATION OF STRESS DISTRIBUTION
ACROSS A STIFFENED THIN SHEET PANEL

UNDER COMPRESSIVE LOADING

The first problem undertaken was the determinstion
of the stress distribution on & stiffened sheet. To the
. author'e knowledge this had never been done before
experimentally, and there were several reasons for interest
in this problem. PFirst, to see physically the meaning of
Drs. von Kdrman and E. E. Sechler's conception of effective
width, second to determine the stress distributioa near
the sattachments, and third to find out if'the stress
distribvution changed with different attuchments or different
attachment spacing. At the present time rivets are by
far the mogt universal means of attachment, therefore through-
out all of this investigation rivets were used.

Test Apparatus

The testing was done in the special compression
machine in the structures laboratory of G.A.L.C.I.T.,
which has bdeen described in Reference I. See Fig. 1. The
panels were tested with as near & fixed end condition as
could be obtezined by clamping them rigidly with heavy
gtructural steel angles to the testing hesd. See Fig. 4.
For the dimensiong of the panels used see the bottom of Fig. 20.
The ends were clamped in order to reduce the number of
unknown conditions, The lateral deflection of the middle
of the panel was checked at low loads in an attemnt to
eliminate as much eccentricity of loading as posaible. .
"he deflection being measured with an Ames Dial gage reading
1/100 of a millimeter per division. By adjusting the
clamping bolts on both sides of the panel 1t was possible
to eliminate nearly all lateral deflections up %o reasonably
high loads. In the preliminary tests, the longitudinal
deflection of the whole panel was measured on each side
of the sheet Dy means of similar Ames Dial gages, which
nay be seen attached to the V-groove supports in Pigs. 2, 4,
and 5, Adjustments ware made so that the test heads were parazllel
at all times.

It was decided to measure the strain across the panel
with Huggenberger Tensometers. Two types of extensometers
were used, both having s two centimeter gage or base length.
One type measured a strain of 1.5 x 10~% inches/inch per
division an the other measured 4 x 10™° inches’inch per
division. A supprort was made to hold one of these near the
upper end of the back side of panel in any chosen position
across the sheet. See Pig., 6., One extensometer was attached
directly to the stiffener near the bottom of the panel. Fig. 5.
Preliminary runs with the first panel disclosed that the
vertieal distribution of strain along the stiffener was not
constant, thus indicating non-uaiform deflection at the ends.



Apparently the stiffener was a little bit shorter at the
bottom than the sheet, thus the sheet was putting load

into the stiffener by means of shearing forces. The

panel was removed and speclal care was taken with the second
panel to insure uniform deflection across the whole width
of the panel.

Load was applied by meens of a hydraulic jack up to
about 80% or the fallure value of the panel, (the load is
measured by accurate e¢alibrated pressure gages am the
hydraulic jack) and the straln at various stations across
the panel as indicated by the extensometer was recorded at
mamerous increments of load. Curves of strain agsinst load
were then plotted for the various stations and these were
faired to eliminate experimental sealter. Values were
taken from these deflection~load curves to plot the distri-
bution of stress across the panel. This plot gave very
surprising results for the curves were nothing like the ones
exvected. The first explunation of the peculiar behavior
was that the sheet upon going into the wave state at low
loads, might cause an error in the strain readings. To
check the effect of bending stresses on the strain resdings
of the extensometers, & plece of sheet was mounted in & vice
ag phown in Pig. 7 with balanced extensometers attached.

The strin was bent first one direction and then the other, and
it was found that for rather small curvatures of the sgheet
the bending stresses are of considerable magnitude.

After .this simnle experiment, the author is certain
that any theory which tries to give the failing load of a
thin sheet under comrression must somehow take into account
the combined stresses. The first attempt to do thie was by
M. Yamamoto and K. Kendo of Tokyo Imperial University. The
strains measured on a thin sheet panel by the author show
that M. Yamamoto and ¥Xendo's theory does not give the same
type of total stresses as measured. The probable reason
for this is that they make the assumption of a single wave
while actually near the edges there are multiple waves.

The experiment of the two extensometers on the piece
of sheet disclosed that there was a difference in deflection
between the tension and the compression side. One would
normally expect that the two deflections would be equal and
of opposite sign in the case of pure bending as was applied.
Simple reasoning presented the idea that the difference in
resdings on the two sides of the sheet was due to curvature
shortening. Thus, if readings were taken on both sides of
the sheet for various curvatures, a correction might be
obtuined which if subtracted from the mean value of the two
ptrain readings would give the actual strain at the neutral
axis. This correction is equal to the difference between
the mesn valne and one of the readings when measurements
are made on the strin with pure bending movements applied
to it. In other words the shortening due to curvature is
one half the absolute cifference between the strain readings



on the two sides of the sheet. The correction curve of
7iz. 18 was plotted from tests on the strip =nd was used

to correct the readings which were thereafter made. It

is undoubtedly possible to exnlecualate this correction but
the esuthor believed that it was much eszsier to make the
experiment. The reason 1t is not necessary 1o measure

the rudius of curvature is that we can muke the assumption
that the racdius of curv.ture is proportional to the brnding
stress vhich in turn is proportional to the difference
between the deflection oan the two sides of the sheet.
"herefore we can plot a curve of curvature correction agsinst
difference between the strain reacings, this being done in
Fig. 18.

In order to get the compressive stress distribution
on the panel, it was necessary to apply two corrections
to the readings. TFirst, the readings of the two extensometers
on each side of the panel (they were nloced accurately
onposite each other) had to ve aversazed, this eliminating
deflection due to bending stress. Second, the correction
for curvature, discussed above, had to te avnlied. Tpon
aonlication of these two corrections, very reasonsble
looking curves were obtained. See Ti-. 19 and 20.

It wes Impossible to make simultaneous readings across
the whole panel, so only the stiffener s*ress was measured
clesnr u» to failure. Using this curve as a vasis, and by
referrin: %0 the stress~digtribution curves at lower loads,
the load-deflection curves for aull other stations were
extrunoleted to failure, see Fig. 12. The distribution of
stress for the ultimate load was drawvn from these extrapoletions
and is shown in PFig. 20.

Tigcusslon of Results

The curves obtzined are quite interesting. From them
it 1s seen that upon application of a 1000 pound loud the
stress in the sheet was nearly uniform and enual to the stress
i1 the gtiffener. Tt might be mentioned at this point that
the stress in the stiffener was nearly the same as 1n the
sheet at tne center line of the rivets. This load of 1000
pounds was slishtly below where the sheet bucikling was
noticeable {buckled at 1200 pounds aporoximately). As the
load was incressecd the stress in the center of the sheet
remeined constant but the stress near the gtiffener and the
V-groovec incre.sed. This effect ls also clearly seen on
®is. 19. In Reference II, Drs. von Zarman and 7. WM. Sechler
predicted exactly this tyve of strain distribution.

mhe ldea of "effective width™ can be secen quite clearly
from the curves, for as the load is incressed on the penel,
more and more load is carried near the stiffener and the
V-grooves. The effect of the rivet 1s shown from the fact
that the sheet near the rivets or stiffener crrries more
load than does the sheet nesr the V-~grooves. One would
expect this because of the bending restraint applied to the



S
the "effective width"™ near the stiffener i1s largzer than

that by the V-zrooves. The meximum combined stresses

in the sheet occurred at about 3/8" to 1/2" from the

center line of the stiffener and the V-2rooves. At this
point the direct comnmressive stress is high, and the bending
stresses are large, indicating that yielding: would

nrobably start in this rezion.

sheet by the rivet heads. Thus, it could be said that



7 THEORY OF BUCKLING BETWEREN RIVETS

Upon the study of the streass distribution of the stiffened
panel (see Fiz. 2°' and the appearance of actual puckling
petween rivets [see Fizs. 11, lg{ 1, 14, 15, 16, &nd 17) on
test panels, the author decided that an expresqlonAbe derived
t0 explain the buckling between rivets. Since the stress
near the center line of the rivets is quite uniform (at
reasonaol;: hizh loads, not at ultimate! we can assume as a
just approxiration that a little element between the rivets
has no support from adjoining elements. See Piyg. 21.

Tests help confirw this ascunption becruse on test panels
it hes been observed taut the buckling between rivets will
extend from 17 to 20 times the thickness of the cheet on
each side of the center line of the rivets. A section
throuzh the center line of the rivetes will look like the
bottom part of Fig. 21.

The equation for the curve which the element W will
form, sssuming fixed ends, is found In nearly any elasticity

text as,
Vo g (1-cos )

The meximum stress at any point of such an element is
ecual to

0; = 0. + G0 (2)
where
Oy = total stress
o compressive stress
O: - stress due to bending
-3

Me comnrescive stress Ce is a maximum when it is enual

to ? 2
= 2
G\Euu:r(" 4 m E (r) {fixed end)
where
E - Young's modulus
€ = radius of gyration
L = length.
Mhus we get
g;:c;+ag=+7r2£(i + 03 (2a)
L
Tow we know that -—T—-—»
£y
I for thin sheet )
3
= r{_&, A=wtl . g)z ,ELEJ— = ;éf
(2 . 1I2WT [ 2
I R e L
or 0; = 12 mRE L2 =3 £ L?

This equation is plotted up in Fi:. 22. (g} 1is plotted againet L.



for c¢ifferent thicknessey.
later.

These curves will

he discussed

The vbendig: strercs at any »oint is equal to (TB'= re
I
2
e M=-f] LY
2 Z
X X
d Y = 2yn () cos 32X
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o M‘_2EI ym L.) Cosu
The movenent is a maximum uhen Cos aféﬁ ==/

which is when x= L i.e. at the center.

We thea get M=RET Ym

stress ls equal to

\ G =
ut
ba c= t/2 I

P 62 -

Vow we rust determine YQ'
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-
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(f? or thre maximum bending

ZECym

The shwrtclinw of tne column due to beadiny is equal to

or we Jet that

‘/47\5 &

5L_

Sudstituting this in equz+‘on (4) ue ret

o= EL L V7\e> -
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2
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;{t = 7\8 + ;\c

to pbending

T™e totasl

where
ﬂa = shortening dne
Ac” shortening due
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E T E

4m2wt?
12 LA wi

A =

i
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W
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2mEt

to ¢ mrresrive stress.

I

lensth of the element 1s equal to

(6)
(7)

re]”
© (8)
(o)

L wt’

|2
(10)



This the total shorteniy: of the element is esual to

IR - S -5 S LR L %
M=l e ] T AT o

This eoustion is nlotted up on 7i: 27., A is plotted
agoinst [ Since the two rivets are a*toched to some type of
a stiffener (corrugation also sonsidered as a type of stiffener!,
then in order for a shorteni .z of an amount A; to tske place

between the rivets, the stiffener must 70 to a stress e-ual to
G;T:H‘, = 71'1"5 (12}
Or as a final result we get, 2 PR t?
E [/%L _ﬂ) + T=
G\STH—‘F_ = 'EM? 2mEL o 3 {13)
Trom this exrression we see that for agiven material of
a cert=in sheet thiclness and o limiting velue of the maximunm
total stress @} that for various yivet snacings LH the value
of tve stiffener stress will vary as shown in Pizs. 24, 25, 26,
27, 23, end 29, This means that if the designer does not want
nrermenent set in the sheet between rivets, "e must hold the
rivet spacing to a certain velue denendin: unon the design
value for @iy, and the pronerties snd thickness of the sheet.




VI EXPERIMENTAL STUDY OF 3BUCKLING BETWEREN RIVETS

After deriving an expression for the buckling between
rivets, it was found to be desirable to cheeck the equation
with experimental peintas. The prodlem is then, to determine
experimentally, how large s deflection between rivets can be
applied without resulting in permasnent set in the sheet.

Accurate stress-strain curves were nade on two
thicknesses of 17 ST Dural (Figs. 30, %1'. On both
thicknesses it was found that the proportiomnal limit is very
near to 20,700 lbs. per sq. in. Thus, the assumption was
made that if the maximum stress in the sheet between the
rivets passed 20,000 lbs, per sq. in. there would be a
permanent sct upon unloading to zero stress. Since the
object of these experiments is to measure the deflection
between rivets at which permanent set begins, it can be seen
from the siress-straln curves Figs. 30, 21, that it is
desirable to make the tests with the load being applied
across the grain of the material, i.e., the larger the
- permanent set for a given stress above the proportional
limit the greater the accuracy.

- The test set up consisted of a jig which had a sliding
hesd and a fixed head in the game plane. A rivet would hold
one end of the sheet to the fixed hesad and another rivet would
fagten the other end of the sheet to the movable head. See
FPigs. 8 and 9. Conmpression load could be applied to the unit
by a small testing mechine. This applied load forces the
sheet between the two rivets to buckle.

After running a few tests it was decided %o put clamps
on the sheet directly behind the rivets. The reason for doing
this was that on a regular panel most of the compression load
on the sheet between the rivets is not apvolied by the rivets.
See Fig. 10, These small clamps had the effect of loading the
sheet similar to the stress distribution found on a stiffened
panel. Tigz. 20. The desired width of test specimen was found
to be three times the rivet spacing on each side of the rivets.
On Fig. 32 is seen the effect on the failing load of changing
the width of specimen, notice that it approaches a value
asymptotically. Any thing less than three times the rivet
spacing effected the behavior of the sheet between the rivets.

The test procedure was as follows; the load on the
movable head was incressed until there was a certain deflection
between rivets. Both normal and longitudinel deflections were
measured with Ames Disl gages reading 1/100 m.m. per division.
The load was then removed and any permanent set either normal
to the sheet or longitudinally was recorded. See Tig. 33. In Pigs.
8 and 9, can be seen the electric vibrator which was used to
reduce static friction of the sliding head. On large spacings
the normazl deflection gage was held off of the sheet during
loading because of the undesirable support it added to the sheet.
Until permanent set started the two instruments would always
come back to zero upon unloading. After obtalning the defleetion



between rivets which causes permanent set, it 1s necessary
to mulviply it by ® and divide by the rivet spacing in

order *o get the stiffener stress which would correspond

to the same cdeflection or sirain petwecn the rivets. This
stress is exsctl; vhat the theory should zive when & certain
allowable stress, thickiess, £, and rive® spacing ls substi-

4+

tuted in the equation derived. 1i.e.

) E [(®L* _rt
Stiffener stress = (o = K [(ZH‘EC G

s on two difrerent sheet thick-
acings, are seen ia Pigzs., 34 and

”he results from doing thi
sses for various rivet s

It is seen Iron these two curves, Pigs. 34 wné 35, that
the agreement with the theory, for these two thicknesses of
sheet, is quite good, and 1ls especially good for the .N16"
sheet, DUince there is quite & sudden drop off in the
ceritic=l bucrlin; stress of thii sheet pvetwecn rivets, the
designer must be careful aboul the rivet spacing that is
used, or else the skhtin on the eirnlane will look like a
washboard after the first flizht. This is kiown to have
hannened in some cases, no feo Lluie occurred, Just permanent
buckles appesred vetween the rivets.

The cirve on ?id. 26 is of consiferable interest from a
design standpoint and also from ugreement with the above
theory. One should notice thet the sheet thickness is 025"
and the rivet spacing is 17 on this particulsr panel. On
ig. 26, we see tha*t this is tie correct rivet s»nucing for
no nermanent buckles up to a stirfener stress of 20,000 1lbs.
per sq. in. Yowever, on Tig. 22 we see thar for .85" sheet
with 1" rivet spaciig that the neximwa compression stress it
will stand with out dropping its lowd is 22,000 1lbs. per

q. ia. In other words, when the compression stress between
the rivets reached 22,000 1lbs. rer sg. in. the sheet would
no longer take any more load. Goins back to Tig. 35 we see
thaet when the stiffener stress reached 22,09 1lbs. ner sc. in.
the sheet ocgun to drop its lozd. This factor is quite
important because sonetimes desi ners assume stresses to be
carried by te sheet necr the stiffener 11 excess of that
allowed oy the Tuler length between rivets. O course the
curves on Mi;. 22 are probably somewhat conservative because
they asswae an unsupported strin (see section V¥ Theory of
3uctling 3etwsen .itivets, for derivation', but o1 the other
hand this is partly comvmensated by tlie fact that an end

fixity of four is assumed whic: never really exist, andé also
there is undoubtedly some eccentricity of loacdiag which is
ot considered.



VII DESIGN CRITERIA TOR RIVET SPLOING

™Me seloction of rivet spacing on parts of an airnlane
is deternined by coasidera®tion of several Jactors. Iirst,
if the rivets sre transaltting lowd they rust be close
enouzh together so that there is enough shear or bearing
area. Lecond, 1f they are not iransnitting any enpreciavle
load then they should be ag far annrt as the other foctors
will allow, beceuse of the labor cost of ~utting in rivets.

inotlier factor is the size of wrinkles, both from the
passenger standnoint (psychologicall end aerodynamic effect.

This naper »resents & news factor whici: the suthor feels
is ¢uite Important and that is the possibility of permanent
buckles between the rivets. Surely the desigsner cdoes not
want the rivet spacing on the top surface of the wing such
that when the airplane is cubjected to annlied louds, that
there will be mermanent buckles between the rivets {see
"igs. 11, 12, 19, 14, 15, 156, and 17'. These pictures show
aztinl bucmles betwecern rivets which have veen left in the
sheect oiter the teet panels had been tuken just to fzilure
and no further. In order tobe sure that permsnent set will
not take place, the maximun sheet stress should be set ecual
to the »rosortional limit. To» the develomment of desi:mn
curves let us also put the stiifener stress equal to the
nroportionsl 1imit. Besides sinplificas“ion of the calcu~
lations, cae of the ressons for don; this ie thet, we are
intere=ted in not having permunent set under the wction of
appiled lownds on the structure, since for *hese loads the
stiffener stress is »nrobably near the proportional limit.
If we were cieTly interester in dehavior at falilure we
would undoubtedly sutstitute in the strews at fallure
{probrbly neur yield noinat'.

Substituting in Geuls*ress at proportional 1imit) in
equat ion 1J, wo sets

F o 2 N2 2 tz,
O«F’.L, = —‘:~2 L( _i‘*_}f — 77:_; + /““'3—""

A
or LR 4 TiE 3
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Solving for = we ot ey
7 P4 |3 2
IR A (L e
L2
2/6/ 7 E

L? E =
G 72 Py *
or finally i £ 2677 E 26
t? a5 2
= T.309 =° or L L0234 %
L E L’ E
==
S 7814 9/E or L= 6.535/E
Tl t P o,
Table T
%, 27,0007 70,0007/ 75,000 /5 40,0007/
e 1l '
snncinz 41.4 JZ. 3N.3 20.2
Larse
gpacing 149 121.5 111.1 105.2

Ve can mow plot un sheet thick es 8
for different nroportinnel limits. This has been do:
aad 383.

It is very interesting that for dp.= 20,000 ?’m we et a
rivet snacing »f 41.4 ti-es the thickness, because & stand:aréd
practice anons a 2ood many desiimers daring the nast few resrs
was to use 40 times the thiclriess. 7This rule was purely an
arbitrary o1e which probebly oricsinated fron sho» nractice.

If the desimer is interested in going arge rivet spacing
he should keen in mind two factorsy first, whiereas the stiffener
stress for buckling betwsen rivets oes up for large rivet snacing
the load nrr-ried by the sheet Joes down.  Also the normal
deflection between the riveits becomes larger, Tor the gize »f the
wornal doflestion see Piz, 39,
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dne of the difficulties of trritr to determine the effect
of rivet snacing on the altilnute lond of o stiffened nnnel
{other then exnerinentsl! is thet e of snacing afrects
both tre sheet and the c¢tiffener, “fereant stiffeners act
entirely unsimiler. The reasotr for t%LS iz that as the rivetd
gpacin: is changed the tyve of frilare mar also change. Tor
exa. mle, a certnin sheet~stifiener combinstion may fail as a
Tuler cclurn when it has srall rivet specing. As the snacing
is increasec the tyme of failire msy chenze to local buckling
of the stiffener, still more inerease, =y chenpe it to
roliings of o Flange,snd at a very lerge hpnﬂlng the stiffener
3 L1 torsion.  Truas we ser tngt the wmroblen of ultimste
runetion of the particular stiffener, The results
aaries of fests arve § o M, 4N, The author
3 to fint any correlation eveept that the
losd deacreases with an incrense in rivet gnacios,
has excepilons,!

ig nie case where the stif'fener ie ~ropably not

zrest deal by o chwanre in rivet spering end that is
ion.  Towever, even 1o this case, the fepth of the
gheet waves na »roduce forces m the gcorrupetion ~hich will
asvist failure. Tests heve olso beo mede o cor ugation

nanels. See iz, 41l. Un these tesis there seens to ve sonme
correivtion between the to curves for ¢ skin thicknegs of .N4NT,
becaunge tlhe to cucves are aquite similar. Tt is very interesting
to note that the curve for a gkin thicknecs of 025" goes down
and then starts un =.gain. The bottom of the curve occurs at the
same rivet shucing avs does the pottom of the curve of stiffener
stregs for buecwlin: petween rivets a;minst rivet snacing. See
iz, 26. However, it must be renenvered that the failing load

0f the sheet oez cown with an increage in snacinr out the
strain reauired to make the sheet start drovpin~ its loed is
mucil Llarger.

jory

™he muthor believes that a sreat desl more work shouléd be
done alo 1 tidis line. sspecially, more vork st larger rivet
sna01u¢ sné with commonly used extruded sections. Large rivet
spacing is desirable from a cost standvoint put the strength of
the nanel and mermanent buckles between rivets 'mast be kent in
mlino.



I¥ EFFECT OF RIVET DIAMETER ON THE FAILING LOAD
OF STIFFENED PANELS

It was believed at the start of this investigation that
not only the spacing but also the size of the rivets would
affect the failing load. Thus, a series of tests were run
to determine the influence of rivet size.

A1l the vanels tested were made as nearly alike as
possible excent for the rivet snacing and the size of the
rivets. The tyre of stiffener used and the dimensions of the
panels are shown on Tig. 42. These tests were conducted with
a zgreet deal of care in order that these two factors would be
the only variables. The ends of the naznels were clamped very
rigidly, (see Tiz. 4) and each vanel was lined un in the
machine as carefully as possibple.

The results of these tests are seen in Flgs. 42, 43, 44, 45,
and 46. Since it wa: felt that 5/32" rivets and 1/16" rivets
were somewhat out of the practical ran.ze on the thickness sheet
used, the larger rivet snecings for these sizes were not tested.
™he author rezretted that 532" rivets at larger spacing than
1.5" were not tested because of the upward trend of the curve.
Mhe curve for the 5/52" rivets is higher at all points for three
reasong; first, because the actuul length of sheet between rivets
is shorter, second, because *he lsarger head increases the load
carrying canacity of the sheet nesr the center line of the panel,
and third, the larger rivet gives the stiffener more support in
torsion which was the critical tyre of failure for this stiffener.

The curve for the 1/16" rivets is lower for reasons opposite
to those for 532" rivets, plus the fact that, except for the 3"
rivet spacing, actual rivet falilures helped cause failure of the
vanels. Tor all practical nurposes there is little éifference
between the failinz load for 1/8" rivets and that for 5/52" rivets
on these particular vanels.

™he followiny conclusions can te drawn from these and other
tests;

a.) Rivet failures recduce the ultirate load
of a penel by putting the sheet load into
the stiffener, which helns cause local buck-
ling or failure of the stiffener.

b.) The ultimate load carried by a stiffened
ranel usueally increases with an increase
in rivet sige.

¢. The increase in ultimste load 1is small if
the increase in rivet size does not change
the conditions from rivet failure to non-
rivet failure.

(It might be mentioned at this point that by rivet failure
is meant that the rivet fails in combined tension and shear.)



Observation as to possibility of rivet failure
in compression mHunels

Sheet Mhickness

Rivet
size 032" .040" 051"
1/16" Fail if snacing No tests Yo tests
> &
7/32" Wail occasionally Usually fail if Yo tests
if sracing 13" R, 5. 7 3"
1/8" Tsually no failure  Failure if Tsually fail if

R. S. > 1" P 8. Y 1"
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Fig.l.

Testing Machine for Fanels.

Pige3.

Failure of Sheet Alome
Shows lethod of Clamping,

Figo‘jo

Typical Test Specimen After Failure.

Fige2e

Failure of Stiffener Alone
Torsion Failure.

Pig.d.

Faillure of Sheet and Stiffener
No Rivets.

Fig.6.

Ext ensometer on Panel

Shows Method of Attachment,



Fig.?. Fig.s.

Test for Curvature Correction. Apparatus for Study of Buckling
Between Rivets.

Fig.9e Fig.lO.
Apparatus for Study of Buckling ¥ethod of Loading Sheet for Buekling
Between Rivets. Between Rivets.

Fig.ll. i : Fig0120

Buckling Between Rivets on a Buckling Between Rivets on a
Test Panel., ( At Failure ) Test Panel. ( At Failure )



Fig.13. Pigelde

Permanent Set Between Rivets, Side View of Permanent Buckles
Panel Just Taken to Failure. Between Rivets. Skin Thickness .020"
Panel Just Taken to Failure,

Fig.15, : Fig.16.
Side View of Permanent Buckles Side View of Permanent Buckles
Between Rivets. Skin Thickness 025 Between Rivets., Skin Thickmess ,032 .

Panel Just Taken to Failure.

Flg.l’].

Side View of Rivet Failure and
Permanent Buckle Between Rivets.
Skin Thickness 4040 ,
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