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}i'ATIOUAL ADYISORY Cr'_"IT_EE_._, FOR AERONAUTICS

TECHNICAL NOTE NO. _82

TEST'Z OF FLAT PANELS WITH FOUR TYPES OF STIFFENERS

_y A.Ifr%d S. _]il.es

S U!{lIAR Y

Fifty-one a!uminum-s] io:,, De.nels were t_sted as fie t-

end columns. 'T/_e test Soecimens inclnded all possible

combinations of two lengths , four stiffener sp_clngs, and

four stiffener designs, and were mostly in _uplicate pelts.

The test data include the maximum lo_ds carried, action of

the panels after the maximum'foUnds carried, action of the

panels after the maximum load had been passed, amount of

_twisting of th'e stiffeners, photogr,_phs sh,owing the thor-

sorer of f_ilure of many of the panels, and other perti-

nent items.

Supplementary tests were made on ii of the panels in

simple bending and on 6 in-dividual stiffeners in compres-
sion.

INTR ODUCT i C:I! '.

In 19,Z8, Carah and Park (reference i made a number

of tests to determine the ultimate loads of channels act-

ing as cantilever beams subjected to concentrated forces

at the free ends. The ultim.:_.te londs obt'_ined when the

line of action of the force psssed throu_h_, the centroffd

of the section were found to be from 20 to 4S percent

lower than those obtained when the force was applied

through the she:_.r center. Tkis consider.able reduction in

the ultimate lo:_d su_Fested the possibility that the load-

carrying caD_c_ty of sheet-stiffener combinations would

be a maximum if the stiffen@rs were so designed that the

line of action of the forces due to interaction of sheet

and stiffener _,,_uld pass through the shear center of the

stiffener and beparallel to one of the nrincipal axes

of its cross section. • . .

To explore the validity of this hypothes_s end to

obtain additional data regarding the general problem ¢f

stiffener design, the four stiffener sections shown in

flg-_re i were selected. For easier compsrisons all four
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sections we_'e of the same sectional area "]nd three, C,
Z, and S , hod equal _'lo,_ents of inerti_. -:b_..ut the cen-

troldal axis p_rallel to the flanges. The fourth section,

U, was identical with the C section except that, when

employed in com'[_i_etion with sheet, it was attached at the

center of the web rather than at the flange. Study of

figure 1 will show the following relations to exist when

the four sections _re used as stiffeners in connection with

flat sheet. In all four cases the load imposed on the

stiffener b_ the tendency of the sheet to buckle is assumed

to act normal to the plane of the sheet and alon_ the line
of r_vets In the case of the C section this force

will be parallel to a principal axis cf the section but

will pass to one side of the shear center, that point being

"behind" the web. _he_ shear center of the _ section will

coincide with the centroid because of point symmetry, but

the force will not be parallel to a principal axis. When

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 _n_ p_ss through the she:_r center.

The S section was developed by Brown and Van Every,

who originate4 the project covered by this report. Although

this section was devised independertly by Brown and

Van Every, its prier exist_nce is shown by sketches in ref-

erence 2. This sect ion was devised to meet the requirements

that the load sho_id pass through the shear center in a

direction parallel to a principal axis and that the moment

of inertia I ab,out a centroidal axis p_rallel to the

sheet should be the same as for the C and Z sections.

It was impossible to satisfy these conditions with a sec-
tion similar t o the U section without increasing the sec-

tional area.

Actually the S section was first proportioned to the

approximate are_ and moment of i_erti_ desired. An angle

between the web and the flanges an_ a distance between

flanges were selected arbitrarily. T_e _ngular position

of the prlncip_l axes w_,s then varied by changing the

flan_e w_dth enB the results were plotted to determine the

proper value th:_t _ ould make the principal axes parallel

and normal to the. fl_<n;_es. Since the section has point

symmetry, its s_e r center is at the centroid, Thus,if the

sheet is riveted et the loc: tion indicated in figure 1 , the

load imposed on t),e stiffener b _ the _heet passes through

the shear center and is parallel to a principal axis of" the

section.
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After the S section h_d been designed, the C and
Z sections were developed so tL_t they had the same area
an8 moment of ir_ertia about centroidal _xes parallel to
the flanges. ]_ecause the thickness and the developed width
were fixed by the design of the S section, the only in-
dependent design v_riable remaining was the _listance be-
tween flanges. The variation of I with this quantity
was plotted in a figure from which the necessary depth of
section was determined.

Originally the four stiffener sections were designated
by the letters A, _, C, and D, and those letters are use_
throu_hou_t this report to identily individual test spec-
imens. When attached to the aneis, the assembly is iden-
tified as PA, pn PC, and PD. During the test program
it was found helpful to refer to the original "A" and
"D" as "C" snd "U" sections since they suggest those
letters (see fi_. i) when the sheet to which the,_Tare at-
tached is in a horizont',l position. When not attached to
.*_sheet, the.__ _re both referred to at times as the "chan-
nel" section, because of their similarity to the structural
channel. Similarly the original B section c_me to be
known as the Z section on account of its similarity to
the structural Z section. The original C section was
then named th_ S section since , when reversed, it sug-
gests the letter S , and it was un(_esirable to attempt to
distinguish between two different Z sections. The orig-

inaldesignations are shown in parentheses in figure I.

Althou_-_L all four sections i_ad the same area and three
of them had the same moment of inertia about an axis parallel
to the flan@es, it was realized that their beh_ivior under
load _ight be quite different. To ascert_i_ these differ-
ences and to aid in tae interpretation of the action of the
sheet-stringer combinations , individual sti±'fen_r specimens
were tested as cantilever beams , es beams in pure bending,
as be_.ms in simple bending, and as flat-end columns. The
tests of the specimens as be_ms indicated nothing of signif-
icance for interoreting the action of the panels except
what could easity be deduced from accepted beam tbeor'y.
Detailed accounts of t?,ese tests , therefore, are not in-
cluded in this rer_ort.

in order to bring out .more cle..arly _,ny difference.s in
the stiffening effects of tl%e four sections used, "the oanels
were made of relatively heavy stiffeners and li_ht sheet.
The panels were made in two lengths and with four st.lffener
spacings that allowed information to be obtained on some
of the other problems of panel design.
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Although all the test material w_s obt_ined.at one

time , the tests extended over two sche'._i ye'_rs and were

made in three gro:ps , and there _.._,ereminer differences in

techni::ue among' t i:e groups. In the firs5 ye::r, the tests

on individual stif$:'eners and com._res_:ion tests on 20

panels were :.;nde !_v Brown and Va:_ Ever _,. In the second

yenr , compression t_sts on 15 panels -.,-_ibendin_ tests on

11 panels were m_ _e by :[. A. Miner. ft the end of the

second yeer, com_);'_ ssion tests were my,(_.e on 16 p_nels by

the writer. :,_it.),t} e except, ion of t._e d_te. obt_:ined in

the third _rou F. o 7 tests,the d_.t:-,,in t is r_port are t_.ken

from the theses <n.l test lo_s of +h_ _ stuL_ents mentioned.

The writer received assistance from many sources in

c_rrying out at Stanford University the study on which

this report is b::sed. Speci_,l acknowledgment is due the

Consolidated Aircraft Compan,v for the _ift of the test

s_,)ecimens, and to the iI:_.tional Advisor. _ Committee for

Aeronautics for ti_e financial assist_tnce that made pos-

sible _. more thorou_h study than could otherwise have

been conte:._,-!_lated. Acknowledgment is a1,._o made to Messrs.

Russell W. Brown, Lilton A. i[iner, and Yermit E. Van _very,

former gr_du.-_te st_Sents on whose theses this re_ort is

largely based, as well as to the students _-ho assisted them

in makin,c t}.eir tegts; Yormal-Christen._._n, Roy P. Jackson,

s,nd ]']]Iton A, Nin_r are-to be thanked i'or their assistance

in carryin_ out the third group of test,_ of panels in axial

compress, ion _.nd for the c:_icu]ation of the result._: of the

te,_ts, Messrs, _-_oy A. i.',ilLer and Z. n. Jackman of the

Consolidated Aircraft Corporation and )'rofessors Merrill

S. Hugo, $, Timoshenko, and Harry A. ';i]liams of Stanford

University are to be thenked for technical advice and

assistance, an<] _essrs. 0. G. Warm, .i. N. Cadwell, F. D.

Banham, R. H. H_rcourt , '.4. '.I. Youn,_, :_ud T. J. Palmateer

of Stanford Universit:¢ f_r :<ssi<te:-ce i_ the 8esign and

construction of test aows,r_.t_s.

TEST [,{7_TE-_i:_L

All stiffeners were formed on a brake from strips of

24S--0 materiel 0,0(54 inch thick and 2.52 inches wide. The

dimensions of the stiffener sections and the corresponding

section characteristics are shown in figure !. The stiff-

eners tested individually were in lengths _:f 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
straightening operation. The material then had the fol-
lowing prooerties:

Yield stress in tension, ib/sq in ..... 56,000

Ultimate stress in tension, ib/sq in. . 68,000

Elongation in 2 in., percent ....... 15 to 17

Young's modulus, lb/sq in ......... IO,ZO0,OOO

These values were supplied by the Consolidated 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 1-inch gage

lengths were used to measure the strsins ef a carefully

milled specimen cut from stiffener D-2. Lo_ was applied

by a 20,OCO-pound Tinius Olsen universal testing machine.

The pane].s were fabricated with O.025-inch 24S-T

sheet with tile grain parallel to the stiffeners. E_ch

panel had three stiffeners riveted to the sheet with 3/32-

inch A 17S-T rivets (Lockheed Standsr@, - 3rszier - LS -

II00 - 7/_2 inch long, age hardenec] ei:_};t days before

driving). The rivet spacing was _/4 inch with the end

rivets 1/4 inch from the end cf the soecimen. Stiffener

spacings cf 4, 6, 8, and i0 inches (rivet line to rivet

llne) were provided, Panel lens_ths _,f both 16 and 24

inches were used. The panels were supplied in "d_plic:_te"

pairs, but one of the @4-inch panels and 12 of th_ i6-inch

panels were net tested.- The othc_r panels, 21 of 24-inch

length and 20 of 16-inch length, were tested in compres-

sion. At least one panel of each size was tested. In

each panel the sheet was trimmed flush with th<" outside-of

the edge stiffeners, and the ends w_r,., carefully ground

plane to within 0.002 inch over the entire width and as

nearly parallel t_ each other as possible.

Beth sheet and stiffeners were weighed prior to (_.rill-

ing and the sectional areas of ,_ach w_:re computed, a d<_n--

sity of 0.I pound p_-r cubic inch being assumed, The ob-

served weights and com!}uted sccticnal areas sre list_:d in

table !. During the tests , num_rous clock m<asuremcnts

w_,re made., on th:, test mat_ri:_.l. I,L_sur_m nts of thickness ,

over-all width, and h_,ight of the s_ction w_r_ taken at

4-inch intervals along the lengths of t}.'_:individual stiff-

eners and , in the; e_,s,_ of t]_c 3 section, the angl_ _ be-

tween web and flang,:.s w.ars also measured. For many of the

panels, these measurements wcrc supplemented by measure-

ment of sheet thickness tak_ n along th;_ panel width and
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length. The results were :aver_iged and ]:sedffor an inde-

pendent commutation of sectional areas. Most of the

linear d_.mensions :,f each speCimen were within 2 percent

of the average, but the angle of the web of the S sec-

tion was not under such close 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.

T.he computed areas based on these z_e-_sured dimensions

and the areas based on weights were usuel!y in close

agreement, the maximum difference bein._ 0.038 sqtiare inch

and the median difference 0. 009 square inch.

In ad_,ition to variations within a specimen the di-

mensions differed f.rom the nominal. Study of half of the

24-inch panels revealed variations in sheet thickness

between -4.4 anti +8.8 percent from the nominal, the median

figure being +1.6 oercent. Stiffener thickness deviated

between -2.5 and +2.8 percent from the nominal and there

was no deviate, on of the median. The mor_ents of inertia

of the stiffener showed somewhat larger deviations from

the nominal, which e_mounted in some cases to as much as

12 percent. The deviations from nominal dii_ensions of the

other s r_,eci_ans were of the same order of mag_nitude. The

action of the pe_ne!s under test, however, indicated that

the deviations, from nominal in moment <f inertia were of

much less influence on the results than hhose in sectional

e ree. Althou_h some of these: devietions from nominal may

_.ppear rether large, they are less th_.n deviations likely

to be encountered in actual 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 practical conclusions being
drawn.

APPAAATUS AI,_D TEST PIq0CEDUP_E

$im]21e_b_en_!nd_teg__f9__- Eleven of the 24-inch panels

were tested as _impI5 _ supoorted beams _rith concenhrated

loads at the mi,_so_n. The test appar_tus _s shown in fig--

ures 2. to 5. The entire testing e,_uipment ._;as set up on

the heavy plywood base mounted on a pair of wood llorses

shown in figure 3. The plywood base was drilled to allow

steel rods to trans._Lit the load from the lever s.vstem be-

low the base to the panel, which was supported on rods

resting in V blocks. These end-support rods were of
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1-inch diameter cold-rolled steel. They were properly

spaced under the ends of the panel by steel templates,

which locsted each end support 10.75 ± 0.05 inches from

the center of the specimen. One of the support rods ?ss

mounted on small roller pads to permit horizontal trevel;

the other rodwas fixed.

Figure 4 shows diagrammatically the method of loed-

ing a panel in simple bending. The load is divided into

three equal parts by a lever arrsngement, the loads being

25-pound bags of shot. This lever system wss designed to

fit all four stiffener spacings (from 4 to 10 in.) by

relocating the hinge pins in the levers. When panels

reinforced by C and S stiffeners witL the skin in

compression were being 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 individu_lly mour_ted on adjust_ble stands

and those messuring deflections ne_,r the center were

mounted on a single large hanger, li_.ewise adjustable.

This large standard provided also a means of mounting the

scale for measuring stiffener twist with the aid of

aluminum-alloy pointers. The pointers, abo_t 1O inches

long, were glued to each stiffener at the center of t he

panel, as shown in figures 2 and _I. in some preliminary

tests it hid been found that local deformation near the

points of load applicction seriously affected the v_lidity

of the deflection readings taken st the center of the span.

The center-deflection readings were therefore taken at

points l_ 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, ususlly of 10O 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 chen_fe in load,

but only those readings o_otained in the u_L ading process

were used to plot the curves from which the panel stiff--

nesses were computed.

Compression tests..-Three sets of compression tests

to destruction were ma_e on panels. In the first set one
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each of the 24-inch panels and one each of .the 16-inch

panels with 4-inch stiffener spacing, 20 in all, were

tested. In the second set, the duplicates of the 24-inch

panels, with the exeeotion of the penel with U stiff-

eners and 4-inch spg_cing, a total of 15 panels, were test-

ed. The third set was composed of one of each of the 16-

inch panels, 16 in sll. Those panels with the 4--inch

stiffener spacing were d uplic_tes of panels of the first

set; the others were panels of which duplicates were not

tested.

All the compression tests were made in a Tinius 01sen,

hsnd-operated, Z0,000-pound universal testing machine

equipped with ext, ension rods. in order to adapt this

machine for panel testing, two case-hardened platens,

shown in figure 6, wer_ _,ade. The upper platen was fin-

ished from a mild steel block 4 by 4 by 28 inches and the

lower platen from a mild steel block I hy4by 2.8 inches.

_oth -oieces were milled aporc_ximately plane, case-hardened

_round plane :_nd parallel within 0.001 inch, and lapped

plane and parallel using a third surface.

A system of' kracing to stabil:ize _nd guide th'e motion

of the upper platen w_.s run from the upper platen to a

nearby _{ column, as shown in figure 6. This bracing was

chiefly effective in preventinf_ rotation and movement of

the upper platoon normal to the plane of the panel. No

special provision was necessr_ry to prevent movement of the

upper platen p:_r_llel to the plane of the penel. Although

this arrangement was crude and ]_ft much to be desired, it

afforded reasonably satisfactory stability. To check on

the behavior of the upper platen during the tests, deflec-

tion measurements relative to the lower !platen were taken

at three points on the under surface. Thus, the deviation

of the two platens from parallelism could always be deter-

mined. These measurements also provided a means of meas-

uring the total strain and the correspondin£_ apparent aver-

age stres._ at eech stace of the test,

One of the chi,f objectives _f the tests was to deter-

mine any differehces in the tendencies of the different

types of stiffeners to twist under load. For this _)urpose

aluminum pointers _bout I foot lon_[ were glued to each

stiffener near midheight, arid a scale placed _n a conven-

ient position for measuring the movements of their free

ends. These pointe_'s and the scale are shown in figure 7.

When possible , stiffener elongations were obtained by

"gn;:<cnberger tens3meters 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 ? and 8, were used for measurements from which 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 publication, 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 all three sets , however , the sp,c_:_-_en was first

placed between the platens and held with a li_iit load

while its position was c?:ecked for continuit;f 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 indications 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 quantitatively be-

tween the test groups, but, in general, a difference of

0.002 inch between the readin_,s of the gages measuring the

vertical movement of the upper platen with respect to the

lower was the maximum allowed. Because two cf these geges

were nearly 28 inches apart, the permissible reletive rota-

tion of the platens about an axis normal to the plane of

the specimen was very small. In the second and third groups

of tests, tensometers were also attached to the edge stiff-

eners and the permissible difference between their readiz_gs

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 positien 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 ulti;_ate 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 beam dropped suddenly because

of the yielding of the panel. Before 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, relat_vel)? little a_tten -
tion was pai_ to the action of the pan_]s after the maxi-
mum load had been reached. In the second _n_i particularly
in the third set ,;f tests, much more attention was paid to
the action of the nanels at that stage.

After failure of one or more elements of the panel,
travel of the lo/_,_iog heed was continued topermit obser-
vation of the set!on of the other elements. The varia-
tions of load carried as failure pro_Tressed were recorded
and notes were token of the tyoes and locat _ons of failure.
For a few snecimens of the second set (24-_nch panels with
lO-inch stiffener spacing) phctogrephs were taken of the
panel under the initial load of Z,0O0 pounds, at failure,
and after failure when the load had been reduced to Z,000
pounds. These photographs give evidence of the type and
magnitude of the failure. In the third set of tests,
after the load had dropped to about three-qu_rters of the
ultimate (in three cases it suddenly dropped to a much
smaller fraction), the test was stopoed "_nd a photogranh
was taken of the panel to illustrate the character of the
def ormat i on.

One 1,3-inch and one 24-inch len_th of each stiffener
section was tested to failure as a flat-end c_lumn. The
e.pparatus a.n_! procedure used in these tests were the same,
as far as appl-'ceb!e , as for the compression tests of pan-
els. V_ore detailed descriotlcn _f these tests is there"

fore considered unnecessary.

PA.£CIS iOY

To assure uniform distribution _f t!_e l_:_d, the

platens were lap!)ed plane within O_O00b inch. Du_ring

the tests of the first two _Tro_ns t?_e r_._iat :re movements

of t}!_ enSs of the olatens (_cut 2_ in apart) did not

differ by more t}::_n o.oo30 inch _rior t_ yi_:idin_ of the

np.cimen, whic] r_.r_r,._s_nt_ d _ relativ_ anF_l_r movement
_ o For a oan_l with

41inch stiff,Jn,_r s<,_cing _r,_d IC-inch l_.ngth, this condi-'-

tion would r,)pr ;s _nt an incre_se in th _,'xial stress of

C:.OOCI by 4 by I£,ZO0,OO_/16 = 259 pounds p<r squat, _. inch.

In the third group of tests of the plat{:_ns w._re not kept

so closely par;_llel, but the uniformity in stiffener

stresses was continuously checked by the tensometers _nd
the results .of the tests of 16-inch panels with 4-inch

stiffener spacing are in such close agreement with th_se
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C

of the corresponding panels of the first group as to give
confidence in them. Measurement of the twist of the

stiffeners as obtained from the pointer r_adiags 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 adequate

for qualitative results and conclusions.

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 be_:_m had to be keot in

balance while the strain was being increas_-d. The machine

itself was known to be accurate to within plus or mlnus

0ne-half of 1 percent. On the whole, the precision of

total loads may be assumed to be _+0.7.5 perce:_t; whereas

differences between loads of about the s_me magnitude

recorded for a given test are correct to within +50 pounds

if it were in motion when the reading was taken.

S Y_B OLS
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width of panel between stiffeners, inches

length of panel, inches

developed length of center line of stiffener, inches

thickness of stiffener, inch

stiffener cross-sectional area, square inches

_nside radius of bends, inches

moment of {ner tia about stiffener centroid, inches 4

panel deflection in bending, a t panel center, inches

modulus of elasticity

compressive load, pounds

ben{_[n_ load, pounds

El flexu_ al rigidity
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TEST RESULTS

Panel ben4inx t_._sts.--In the pan_=i bending tests the
deflection of a point near the center of eE_ch stiffener
from a line joining the points oi" support was determined
by subtracting th_ _age reading at tkat point from the
average of the Ca_e readin_;s at the supi_orts. The result--
ing center-stiffen<_r deflections were plotted as shown in
figure 9 _gainst load per stiffener and straight lines fit-
ted as closely as possibl_ to the plotted _Joints, The
slope of this line for each stiffener w,_s then det_rmined,
to find the ratio of load to deflection ".',_/8. For the di-
mensions of the test set--up, the ordinary formula for beam
deflection reduced to E1 = 201.6 W/$. The values of El

obtained from this exoression are recorded in table 2, in

which El I an_ El 3 are the observed stiffnesses of the

edge stiffeners and El2 that of the center stiffener,

For purposes of corn?arisen the table inc!udes the computed

values of El for the center stiffener based on measure-

ments of the :_ctual cross section and :_n assumed v_'_lue of

I0,300,000 9ounds ;_cr square inch for E. This table in-

clu_]es also the maximum load im:_osed on the panel in each
test .

In addition to the measurements of deflection, the

movements of the free ends of the pointers glued to the
stiffener webs were recorded in order to obtain information

re_arding the tendency of the stiffeners to twist. For

most of the O_ n(_is, this proc_,_dure wqs followed onll_r when

the panel was tested with the skin in tension, on account

of the difficulty of obt: ining tht _ infor;:_tion when the

stiffeners were below the she_t. With l_are! I'A 16, however,

th_se readin_'s wer_ <akin fcr the two _:_._ stiffeners.

Table .Z shows th_ l<ngth of the point,:r, an8 the total move-

merit of the fr_:_ end of th_ point_:r in inch_s. The plus

and minus signs indicate w_eth<_r th_ rca.ding of the pointer

on the scal,_ incre_,s<d or de:creased with incre'_}se in load,

In some cases, th_ movement of the pointer changed in dir{:c-

tion and this chnng_ is indicst._d by th_ symbol +,

Pan_l_g_Qii_rasg_iiz_tksts .-- The maximum axial loads car-

ried and the tyo_s of failure exhibited by th÷: various pan-
els are summariz, d in tabl_s 4 and 5. These tables include

also two values of unit stress corr,.spending to each ultimat_ _

load., One is th_ _ av<_rag_ strauss obtain_d _:r dividin_ the

load by th,= total s_ctional area of th_ pan_.l from table i,

The othor is the los. d divided by the s, ctional ar<.a of the
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stress c!:_rried %y the panel becnuse the f]rst comput_tion

uses too much a._Ld the second, too little cf the sre:_ of

the sheet.

For each test the recorded readings of the g;_ges that

measured the mc_ve_.ent of the upper platen were used to

obtain curves of average panel shortening against axial

lo_d, ss _i_own in f_gure lO. First the actual gage read--

in_:s _._ere plotted a_;_inst lead and the mover!;ents of the

three g_,ges...... were s_ own by curves i, >J, and 3. These curves

were extr_._,polated to zero load to determine the shorteninf_

which took ploce between zero io_d :_._d the load at which

the first measurements were taken. 3ince the lower por-

tions of the basic c_rves were quite strai_ht, this ex-

trapolation could be done with satisfactory precision. The

readings for each load were then avera_ed, the estiusted

shortening at the initial load added, and the "average

curve" drawn. $1nce two gages were at one end of the

!)laten and only one was at the other end, the reading of

the single ga_e was given double weight in cou_)utin# the

aver_ge. The average sh:_rtenings of the different panels

under a group of representative loads, as obtained from

these curves, are listed in tables 6 and 7.

The approach of failure' of all the panels was indi-

cated b_T definite signs. The sheet used in their fabrica-

tion was _o thin that, even under the initial loads, it

normally exhibited buckles in the areas between stiffeners.

These .buckles grew as the lo_d increased, but little atten-

tio_ was peid to the details of the development, since

that tyT_e of oction has been studied more carefully by

Ramberg, UcPherson', and _ evy in reference _ and by other

experimenters. Since this bucklin? 7 was present throughout

the tests, it could hardly be considered a true indication

of impendin.fi failure.

The first sign of impendir_s_ failure w_s usually the

bucklin_-; of tee skin between rivets connectin,_ it to the

stiffeners. This buckling c'ou!d seldom be seen at the

center stiffener, but was easily visible at the edge stiff-
eners. Often] this condition became noticeable on both

edges at the s._me !osd, t_oujh in many tests it was seen

on one edge before cn the orher. These buckles developed

so gradually !hat it w_.S difficult to know ju_t when they

began to spoear. The loa_s at which they were noted in
the third set of tests are recorded in table _. The cor-

responding data for the other two sets of tests are not

so complete, but there appeared to be little differ_ nee
in the range of loads at which this wrlnklin< first becsme

noticeable between the 16- and the 24-inch p_nel groui_s.
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As the strain was f11rther incre'_sed the free eddies of

the stiffeners cn some specimens began to ap{_ear wavy and

later developed definite buckles, at which points failure

subsequently took niace. This waviness did not become

apparent on many of the panels, however, until after the

maximum load had been passed. The loads at which it was

first noticed on each of the stiffeners 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 load at which this

twisting was first noticed is 81so recorded in table 8 for

the third test group. On many of the panels, however', no

such stiffener twisting was noticeable, even at the end of

the test. Practically no information on these points was

recorded in connection with the tests of the first two

groups of panels.

The best indications of approaching failure were the

drop in load while the testing machine w_s stopped to take

readings and the eecrease in the r_te of ch;{nge of load

while the testin{< machine was in motion. Under low loads

there was no drop in the load on the specimen while a set

of readings was being taken. As the loads increased, how-

ever, it was found that durin_ the time to obtain _ set of

readings the equilibrium load of the pan_l decreased, al-

though there was no change in the position of the upper

platen. At ifirst this decrease would be a matter of only

]0 pounds or so, but with increased str2in, it became

progressively greater , and before s test wss comp]eted

might amount to as much as i00 pounds. These effects ,za_ ie

seen from figure ii, which shows to enl_rged scale the

upper portion of a curve of representative load against

axial shortening. The same fikuure shows how the slope

Of the curve progressively decreases as the maximum load

is approached. In the tests this action seemed more pro-

nounced than it does in the figure and was the most obvious

sign of approaching failure.

The sction of the panels of the third group of tests

as the maximum io:_d was approached and after it had been

passed was closelj ebserved. In the typical cycle of"

action, as the strein increased, the equilibrium load in-

creased to a maxi_num and then began te decrease. At times

some part of the panel gave way suddenly when the load was

at'a maximum, but usually there was some gradual decrease

_n load w_th 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



NACA Technical Note No. 882 15

readings, as was done after each sudden drop in load or
when the amount of increase in strain _]ade such action
appear 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 had been
very badly deformed, the equilibrium load might show no
such increase. The action of these panels under larvae
strain can be followed from the record of table 9.

In this table four phases of the typical cycle are
recognized and the corresponding loads are recorded.
Those recorded for" phase A are the ones at ',:Jhich the equi-
librium load reached a maximum. The phase _ loads are the
equilibrium loads just prior to a sudden drop in that
quantity. When the testing machine was stepped for read-
ings although there had been no sudden drop in load, no
figure is entered for that ohase. The phase C loads are
the equilibrium loads when ti_e t:,kinz of a set of di_l
gage and pointer readings was started and the phase D
loads, those when the set of reedin_:s h,_d been taken and
the straining of the specimen was resumed. In order to
emphasize the few cycles in which t_:ere was no drop in
load from the phase A maximum to the phase B load at which
there was a sudden drop, the corres_,onding phase B loads
are indicated by footnotes.

The failure history of panel PD-8 can thus be read
from the table as follows: The equilibrium load increased
to 20,725 pounds and then gradually decreased to 20,5_0
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 oounds. With increase of strain,
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 been completed the load

had decreased to 21,380 pounds, but with increased strain

it rose to 22,020 pounds and again began to decrease grad-

ually. At 21,895 pounds, however, there was a sudden drop

of load to 20,310 pounds due to some failure in the panel.

After readings of strain had been taken, the equilibrium

load had further decreased to 20,270 pounds, With further

increase of strain the load rose to 20,760 pounds, at which

point there was a sudden failure that c_,used the load to

drop to 6,200 pounds. The story of this panel failure is

further illustrated by figure ii, which shows graphically

the variation in equilibrium load with increased strain.

In this figure the only fully validated points on the curve
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are those plotted fr-,m the re u_!inf._ for phases C an@ D.
The location of the curve between such poin', s is hypothet-
ical, but is believed to be, at least qual_tatively, cor-
rect. The broken line in the figure indic_tes the slope
of the ioad-shortening curve in the neighborhood of zero

load. •

For a more complete understandin_r of the action of

the third group of panels under large strain, table l0

gives s@lected excerpts from the test logs. The loads at

which the various events are shown in this table are those

corresponding to phase C of table 9, that is, the equilib-

rium loads noted just before the data were recorded.

The data on the equilibrium loads 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 ii is a record of such dat:_ as could be ob-

tained from the l_s of the _econd group of tests. In

these logs the loads for phase D are seldom entered, and

no clear distir_ction is made between the loads for phases

A and B, because the decision to make a detailed study of

the question was not made until after the second group of

tests had been comf!eted.

Because of the difficulty of adequately describing

the appearance _f the panels at failure, a set of secuence

photographs was taken of the lO-inch spacing specimens of

the second test group. These photo_raphs ere shown in fig-

ures 12 to 15. The panel ready for testing and subjected

to the initial load, usu_lly 3000 oounds, is shown in each

of these figures in (a). In (b) the panel i.= shown just

after failure, and in (c) the degree to which the soecimen

returned to its ori<_inal state is shown. Fi¢[ures 16 and 17

are additional views .of the failure of panel !_D-16, taken

at the same time as the view in figure 15 (b). In the

third series of tests (most of the test_ of iS-in, panels),

a group of photo_raphs (figs. 18 to 35) was tt{ken to illus-

trate the action of the panels after tho ultimate load had

been passed. After th,_ ultimate load h:_d been re_ched, the

shortening was continued until the load had considerably

decreased. Usu@ll_" the lo_d w_s reduced to about 15,000

pounds, but the amount depended somewhat on the magnitude

of the ultimate. Sometir_es, the panel would suddenly fail

with a loud noise and the load drop to .'__bout one-half or

two-thirds of the anount that it had been carrying, The

photograoh 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 measured movements of their free ends and plotted
against load. These curves for the third set of panels
are shown in figure _74 to 37. Corresponding 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 mas 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 omission was justified
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, S, and U section stiffeners in the
16-inch panels were primarily of the local buckling type.
As the lord approached the ultimate, bulges formed in the
flanges, eventually gave way, and thus caused the total
load to drop. In panels PB-I and PC-l, which had Z and
$ section stiffeners with flanges parallel to the sheet,
it was noticed that the buckle.s in the flange adjacent 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 16-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 failure, s of nearly all of the C
section stiffeners in the 16-inch panels, on the other ban4,
were primarily torsional. In the test of panel PA-8, how-
ever, the local buckling appeared to be the primary cause
of failure with the twisting, second:_ry.

In the tests of 24-it.oh panels, the C section stiff-

eners uniformly failed pri::_arily in torsion, though in the

panels with the wider stiffener sp_cings (panels PA-14 and

PA-16) local buckling was noted as a cor:tributory factor.

In this length, th_ Z section (PB series) also appeared

to fail primarily by twisting, though normally with accom-

panying local buckling. The stiffeners of S and U sec-

tions failed normally by local buckling, though twisting

was also noticed in a number of the tests.
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On the whole, the U section st_ffeners showed the
least evidence of tw_stin__.,, in spite of the. method need

to measure that action. With the other sections, the

pointers were attached t_ the webs and me_sT_red rotations

of t}ie whole stiffener. The pointers were at£ached to

stiffener flanges of the" U section and in some tests

_ppeared't0 measure flange rot'at_on d_e to local b_ackling
rather th_n rotation of the stiff_ner section as a w_ole.

'The failt/res of most of the panels efter _passing

maximum lo,_d Were gr;_,dual, the p._nels exhibitifl_# a re-'

m_.rkable abilit.v to be defcrmed without much d:rop in the

equilibrium load. Some _ the o_nels wi*h U section

stiffeners , however , fuile_ re'thor sud@enly. The fail-

ures Of t)_e two 2d-inch nane!s with 10--inch stiffener

spacing (PD-15 and PD-16) were very similar. At maximum

load the edge stiffeners sud_._enly twisted in toward the

center stiffener. The failure was _.ccc, mp_n_ed by a loud

noise and a much lar_er drop in equilibrium load than was

experienced for any of the other 24-inch panels. In the

16-inch panel t_-_sts, also, the U section pane.is showed

a tendency to complete and sudden col l_!_se st final fail-

ure, such %ehi_.vior shown by three of the five panels

tested. In this ]en<th tendency to th_ 'explnsive type

of failure took place with spe ci_s of 4, g, and i0

inches and did not take place with the _-inch br the d_p-

licate 4-inch soac[ng panel. In one respect the. violent

failures of the shorter panels differed from those of the

longer ones. Inste[_d of taking place under the maximum

load, failure di_ not occu/_ until the e_uilibrium 'loa_

had passe_ the m_ximum and had experienced an appreciable

drop.

Column tests of individual stiff<._.ers.-The ultimate

loads and correspondir_g unit stress@s of the individual

stiffeners tested as flat-end columns :_re listed fn table

14. In these tests m_.asurements of midpnint rotation and

"change in slooe ne_.,r the ends were ,made in _rder to deter-

mine from them th_ actual degree of end r_straint, lout 'the

apo!_c_:bility of the : ethod proved qu__stionable and those

data were not us,_d.

The sht, rter Z (?-]) failed b.;: loc_l buckling follow-

ing some plastic ben<_ing about its axis c,f minimum stiff-

ness. T_e S section of the same len_th (C-l) showed a

grgdual plastic be:nding over a c6nsiderable portion of its

length. The shorter channel 6D-I) failed ori_arily by

twisting. The ends of this 'specimen :remained flst ag_.inst

the platens and the .distorted colu_:n axis formed a s_n._le
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l_rge sy_motrical sin_s-idal w_vo with rnth_r dnfinit_

n<,ints _f infl_cti-n, in t_l,_. l_n_r len_<t_Ls b-_tP .. th,_ Z

and S secti'ns (i-5 a._u@ C-S) failed in the" mannor c}_'_r-

act_ristic of ]_:n." c ol_._ns, d,_fl,_ctin_c _n th_, directions

-f the min_r ax,_s :-,f th_ cr -s_ - s,_cti<_ns and _xhibitin_T

!itt]o tnndancy to twist. T'_e fondler channal (D-S) failed

torsionally in th_ sam_ mannor as th_ shortor one (D-I).

Stanford ".._niv_rsitj ,

St._nford Uni_<rs!ty, C.niif. , July Pg, 1!42.
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TABLE i.- PANEL WEIGHTS AND Di?,I_]}[SIOI;S.

Panel

PA -i

PA -2

PA -_

PA -6

Fi -8

PA- O

PA-IO

PA-II

,.PA-12

;eA-l_
PA-14

Pa-i5

PA-16

PB -I

PB "

PB -4

PB -6

PB -8

PB -9

PB-iO

PB-II

PB-12

PB-I5

PB-14

PB-15

PE-16

l'C -J

f'C -Z

PC -_

PC -6

PC -8
i

1'0 -9

PC-IO

PC-11

PC-12

PC-IS

£C-i4

_'C.-15

PC-16

Pb -f

PP -2

PD -4

PD -6

PD -e

PD -.9

PD-II

PD-12

FD-I5

PD-!5

PD-16

I

! Type Length

',Stiff- (in.)
lener

0 | 16

C | 16

C [ l,S

C 1 16

24

C 24

C 24

C 24

C 24

C 24

C 21

Z 16

Z 16

Z !6

Z 16

16

Z 2,1

Z 24

Z 24

Z 24

24
,a !

Z 24
t

, 24

,.3 I_

S , 16

S 1 16

S I 16

S 24

S 24

S £4

S 2,1

S 24

S 24

S 24

S ',.:4

U

U - J

U i,

U ]&

U 16

U i4

U f:4

U 2,1

U 24

U ;c4

U z4

U 2.4

Stiff-:
l

ener !

spacing!

(in.)

4

4

6

8

10

4

4

6

6

8

8

10

10

4

Li

6

8

10

4

4

6

6

8

8

iO

i0

4

4

6

8

10

4

4

6

6

8

8

10

10

4

4

6

8

10

4

6

8

8

.10

10

Weight

(grams)

Sheet Stiff-

ener

177 545.5

165 5,i,i

2S6 545.5

524 345.5

589 545.5

255 515.5

24£ 507.5

559.5 512

545 515• 5

477.5 525.5

472 507.5

591.5 511.5

580 515.5

169 551

168,5 551.5

238.5 549.5

550 531

595.5 552.5

250 491

226.5 495.5

543.5 495

347 500

46,3.5 500

467 496• 5

585 SOl • ;,

581 497

159.5 547.5

164 546.5

255.5 5,12

309 5,33.5

572.5 546

£52 5/7

255 5t6.5

548.5 5 i 5

55_ 511

456 515.5

457.5 [,17

576.5 504,5

578 50o.

164 548

166.5 553

257• 5 545

290 544

59G 54S

240 520

569 509

545.5 50L

464 513• 5

471 5 _4

589 516

595 big

Sectional area i

0.Z44

.228

._2.i

• ,i-A6

.556

.£14

,£22 i

511

316

458

,iSg

543

5L'_

,),a

.252

•;_28

• 455

,545

.229

.208

.515

.5i8

425

• 4;-9

•555

.555

.220

.226

5Z5

.427

51,

. :fi;C:i

. ikO

.5_,: U

. i:'10 p

• ;:50

%'8 '
!

• 54_;

• 220

.5!7

• ,_ C

• 4Z4

. b41

• 544

(Sl I in. ) ]

ener

0.475 0.719

,474 ,702

,472 .796

.475 •921

.472 1.008

.47! .685

,466 .688

.470 .781

.472 .788

.480 .918

.466 .899

.,169 I.OL2

.47Z 1.00,t

.455 ,689

.456 .688

.481 .809

.455 •910

,,i58 i.001

.450 .679 1

.455 ._6i t

.454 .769 I

.459 I .777 t

.459 I .884:

.4ao .885

.460 .095

.456 .989

,478 .698

.477 .705

.,171 .796

.459 .886

.476 .990

.4';4 ,C_

.4i',t .690

,175 ,792

.4d9 .792

47Z 890

.-li'4 ,394

_4{9 .98D

.479 .7.35

.485 .7"5

.475 ,803

.474 .874 I

4/t, 1 021

,477 .697

•4_3 ';' .805

• 40i .778
.47£ .898

•47;_ .9b,4
• 4/5 1.014

I
.47! J .015 t

...... J
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Sti_x-

ener

spacing

(in.)

Panel Measured

12

TABLE 2.- PANEL STIFFNESS FROM SIMPLE BENDING TESTS.

Computedl Max-FExperlmentally determined El values c

EI 2 imum

load Sheet in tension Sheet in compresslol

Ca) (b)
IEI1 EI 2 EI 3 EI 1 EI 2 iEI3

4 PA-IO

PB-IO

PC-IO

6 PA-12

PB-I2

PC-12

PD-I_

8 PA-14

PC-14_

PD-141

i0 PA-16

0.0291 300 276 130 202 181 154 173 144

.0307 516 376 550 579 389 2YO 519 547

.0519 529 _76 450 44_2 459 587 419 419

.0512 521 526 155 257 201 169 200 147

.0528 358 326 557 451 418 589 352 26_

.0525 555 551 464 507 447 459 445 410

.0118 12.2 276 175 196 179 164 171 165

.0279 287 276 155 194 179 115 186 175

.0541 551 576 -_27 550 4_22 409 43_q 589

,0115 118 276 149 185 161 169 169 157

,0511 520 2.26 145 211 185 L27 224 142

a"Meamured I21' In column Z is the moment of inertia of the center

stiffener about a centroidal axis parallel to the sheet, computed

_rom measurements of the actual stiffener.

"Computed EI2" in column 4 is the value in colttmn 3 multiplied by

10,300. Tm_ulated values are in thousands of pound-inch units.

C"Experimentally determined El values" in columns 6 to Ii are

computed from the elopee of the load-deflection curves of the

individual etiffeners_ using the relation EI = 201.6W/8. El I and
EI_ pertain to the ed=e and EI_ to the center stiffener. TaBulated
vaYues are in thousands of pou_d-inchunits.
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TABLE 3.- STIFF_ER TWIST OF PANELS IN BENDING.

_Rotation is positive when pointer readings increase
with increase in load. Plus or minus sign indicates

that a change in direction of motion was noted_

L ,

Panel

PA - i0

PB - i0

PC - I0

PA - 12

PB - 12

PO - 12

PD - 12

PA - 14

PC - 14

PD- 14

PA - 16

Arm Total

lengt_ load

(in.) (Ib)

io-5/8 276

Io-I/4

i0

i0

9- /4

lo- /4

9- /4

io- t4

lo

8-3/4

io-il4

4-i/2

Movement

, - .

of end of

Sheet

40.80 +0.40

_50 - .05 + .04

526 + .05 + .09

526 • .99 + .46

526 + .09 + .05

551 + .02 + .01

276 * .ii - .05

276 • .90 + .49

376 + .25 + .09

276 + .22 + .08

226 + .75 + .40

Sheet in Compression

226 40.37 n_.dc_ec.
/ .........

in Tension.

pointer

3

(in.)

I= , t %

+0.47

+ .05

+ .50

- .lO

- .05

+ .55

- .i6

+_ .o5

+ .40

40.57
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TABLE 4.- ULTIMATE LOADS AND UNIT STRESSES ON 24-INCH PANELS.

23

Panel Ultim-

ate

load

(lb)

Stiff-

@nor

ar_

(sq in;

Average Total Average
stiff- area ulti-

ener mate

stress stress

)(Ib/sq(sq (ib/sq
in.) In.) In.)

4-inch stiffener spacing
PA- 9

PA-IO

PB- 9

PB-IO

PC- 9

PC-IO

PD -9

16,200

16,000

17,200
17,120

20,800

20,450

18,400

O. 471
.468
• 450
.455
.474
• 474
.477

34,400

54,300

38,200
37,800

45,900
43,100

58,600

0.685 25,600

•688 23,500

.679 25,500
•661 25,900

•687 50,500

•690 29,600

.697 261400

Percentage Toot

variation group
Ulti- Av-

mate or- 1

load age
str-

ess

6-inch stiffener spacing
PA-II

PA-12
PB-II

PB-12

PC-II

PC-12

PD-II

14,600

15,900

16,500
17,500

21,000

20,450

18,400

•470
•472

.454

.459

•475

.469

.467

51,iOO

55,700
56,500

58,100

44,400

43,600

59,400

.781 18,700

.788 20,200
•769 21,4OO

.777 22,500

.792 26,500

.792 25,800

.806 22,800

PD-12 17,985 •461 59,000 .778 23,100
8-inch stiffener spacing

PA-I5

PA-14

PB-IS

PB-14

PC-IS

PC-14

PD-IS

PD-14

17,100

15,100

17,900

17,740

20,800

21,155

18,000

18_210

•480

•466

•459

.456

.472

.474

.472

.472

-1.2

-1.7

8.9

6.1

-2.6

-2. S

PA-IS

PA-16

PB-IS

PB-16

PC-IS

PC-16

PD-15

PD-16

15,600

14,875
17,300

18,280

20,000

19,950

17,500
17,600

1.469
.472
.460
.456
.465
.459
.473
.471

1
-1.5

2

i
2.4 2

i
-2.3

2

1

8o
1

5.11
2

i
-2.6

2

i
1.5

2

35,600 .918 18,600 -11.7 -9.7 i
52,400 .899 16,800 2

39,000 •884 20,200 - .9 -i.0 1
58,900 .885 20,000 2

44,000 .890 25,400 1.6 .9 i
44,600 .894 23,600 2

38,100 .898 20,000 1.2 1.0 I
38_600 .904 20,200 2

lO-inch stiffener spacing

38,500 1.O12
51,500 1.004

37,600 •995

40,100 .989

45,200 .992

43,500 .989

57,000 1•014

37,500 1.O].5

aNotation of types of failure:

B, bending
L, local buckling

T, torsional

Type
of

failure a

T

T

T,L

T,L
L

L,T
L

T

T

T,B

T,L
L

L,T
L
L

T

T,L

T,L

T,L

L,T
L

L

T,L

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

one that seemed to be the primary type is listed first.

15,400 -4.6 -5.9 1 T
14,800 2 T,L

17,400 5.7 6.5 i T
18,500 2 T,L

20,200 - .2 0 1 L,T
20,200 2 L

17,500 .6 0 1 L,T
17,300 2 L,T

'" L ....
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TABLE 5.- ULTI_TE LOADS A}[D T__[ITSTRESSES FOR 16-INCH PA_[ELS.

!Panel Ulti-

mac e
load

Stiff-

ener
area

Average Total Average
stiff- area ultimate

ener stress
stress

PA-I

(lb) (sq

in. )

PA-2

PB-I

PB-2

PC-I

PC-2

PD-I

PD-2

19,500 0.475

(Ib/sq (sq

in.) in.)

PA-4

PB-4

PC-4

PD-4

PA-6

PB-6

PC-6

PD-6

19,200

19,000

19,050

21,700

21,800

21,400

22_020

18,800

21,100

21,475

22_225

•474
• 455

.4_C
• 478
.477

• 479
• 485

• 472
• 481
•471
•475

19,520

19,895

20,250
21_610

Percent Test

variation group
_tl- Av-

.mate
load

.475

.455

•459

•474

(Ib/sq

PA-8 19,770 .472

PB-8 19,720 .458

PC-8 21,510 .476

PD-8 22,020 .475

er1
age
str-

ess

4-inch stiffener spacin_

41,000 0.719 27,100 -i.5 1.1 1
40,500 .702 27,400 3

41,800 •689 27,600 .5 .4 i
4L,800 .688 27,700 5

45,400 .698 31,i00 .5 .5 i
45,700 .703 51,000 S

44,700 .705 50,300 2.9 1 g 1
45_400 .715 50_800 "- 5

I
I

6-inch stiffener spacin_
59,800 .796 23,600

45,800 .809 _6,100
45,600 .796 27,000

46,800 .803 27_700

8-4mch stiffener spacing

41,100 .921 21,200

'15,700 .910 21,900

44,100 .886 22,900

45,600 .874 24_700

l_Qn!nch stiffener spacin_

41,900 1.008 19,600

43,000 i.001 19,700

45,200 .990 21,700

46,400 1.021 21,600
. . _ .

aNotation for types of failure:

L, local buckling

T, torsional

Type
of

failure

5
,5
5
5

5
5
5
5

T

T

L

L,T
L

L

L

L

T

T,L
L

L

T

L

L

L

L,T
L

L

L
,, i

Where two types of failure were observed in the s_me test, the

one which seemed to the observers to be the primary type is
listed first.
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TABLE 6.- AVERAGE SHORTENING OF 24-1NCH PAi_LS UNDER VARIOUS LOADS.

Panel

PA -91

PA-IO

PB -9

PB-IO
PC -9

PC-IO
PD -91

Shortening in inches/lO,O00 under load P of

5,000 ilO,O00 12,000 14,OO0!15,OOO[16,000 18,000

(Ib) I (Ib) (Ib) (Ib) (Ib) (Ib) (Ib)

PA-II
PA-12

PB-IIi

PB-121

PC-i1 i

PC-12;

PD-II

PD-12]

201

4-inch

401 488

5O8

496

515

494

510

474

212 423

205 411

21Z 427

206 411

210 422

192 389

I

201 400

202 404

222 404

190 594

201 399

192 400

196 589

207 415
I

PA-151 190 58O

PA-14 195 399

PB-15 195 583

PB-14! 210 415

PC-15: 203 405

PC-141 205 405

PD-15 i 198 595

PD-14 195 585

189 576

199 397

191 580

i90 590

199 397

216 426

192 585

186 580

. It L,

584

596
589

612

586

604

561

6-inch

stiffener

641 - -

658

640

661

655

655

606

,, o , ,

stiffener

spaclng

702

715

686

710

655

spaclng

806

855

784

485

485

489

48O

484

495

467

498

585 - -

575 655

584 655

570 615

572 619

590 658

556 599

589 657

8-inch stiffener

458 544 590

505 684 - -

466 554 601

496 585 651

486 575 620

485 570 615

475 561 609

465 550 600

lO-inch stiffener

S_/b-

critical

load

786

805
795

, ,..

721

695

813

8i5

1044

1146

805

705

665

669

687

648

687

spacing

585

715

712

750

922

986

798

[ 812

454

477

459

470
481

508

468

465

647 - -

655 - -
685 - -

670 785

667 795

661 - -

655 775

601

591

610

611

646

599

602

748

760

741

767

978

1090

765

757

spacing

PA-15

PA-16

PB-i5

PB-I6

PC-15

PC-18;

PD-15

PD-16

545

519 _

545

56O

567

596

555

555

q --

659

660

665

7O0

648

660

- 678

- - 584

- - 770

- - 750

782 955

833 966

- - 731

- - 710

,. ii i

Sub-critical load is Iast load before the ultimate.
Reading for P = 13,000 lbs.

Sub-

critical
load a

(Ib)

15,830

15,415

16,990

16,730

20,425

20,450

18,140

14,O40

15,600

16,215

17,i00

19,675

20,070

18,035

17,500

16,855

14,5OO

17,555

17,220

20,505

20,110

17,485

17,705

15,400

15,785

17,_55

17,450

19,790

19,310

17,200

17,O60
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TASLE7.- AVERAGESHO_ENINGOF16-1_<CHPA/¢ELSLD_ERVARIOUSLOADS

Panel I Shortenin C in inchee/lO,O00 _nder !oal P of

i_,ooo !o,ooo 15,oooi1_,_ools,ooo l_,ooo[?o,ooops_-
t l i ] icritical

A

PC-I I 1.5oi 27L 4Z5

_-1i 1_t _71 ,___

; , , _ ,

Pc-41 11_t _,,Sl

,1- inch stiffener spaclng

485 553

491 566

496 571

480 555

477 558

478 535

466 52.2:

460 515.

585 6_'_5

580 6.,_

566 616

555 6C0

627

65O
659

655

769

750

743

710

S_b-

critica:

load a

I

, , - f , .: = := = ,| , ,, j. . _

19,015

18,920

18,875

18,770

21,555

21,510

21,405

21,625

6-inch stiffener spacing i,
i

407 452 5_2 ..... 580 18,560 I

¢00 i 450 | 508 1 55'9 6,:)4 705 £0,660 '

S_al 45_/ 51_I s_81 )_1 70o _.o,,_6o

8-inch stiffener spacin_

• " i'l..... '457 520 582 ! G22 19,480

470 550 582| 690 19,985

455 515 5581 0 725 21,280 !

l@-inch stiffener spaci_g

I ,, , ...... ±i
_c-6 _so; _o I _._

I" iPA-8 i.28 2551 39U

PB-8 tSO 259] ,_j5

PC-8 122 251] 400

PD-9 125 2501 385

458, 91 538 • - 575 19,550

4561 520 | 570| - -_ .500 19,500
450 5u51 549| 600[ 680 21, ZOO

aThe sub-critical load is the last loal at w]_ich readings were

taken before the ultinate loaa.
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TABLE 8.- LOADS AT INCIPIENT FAILURES OF TEST GROUP 3.

Skin buckles
Panel

Stiffener waviness Stiffener twist

Stiff- Stiff- Stiff- Stiff- Stiff- Stiff- Stiff- Stiff-
ener I ener S ener I ener 2 ener S ener I ener 2 ener 3

FA-2!12,015 12,015 18,70Oa 18,700 a 18,7'00& 18,520 FlT,SOOa 18,520

PA-4bl5,O00 15,000 16,580aI18,550 a 16,445 18,550 a 17,910
PA-6i15,495 14,970 17,020ai19,540 19,160 18,520 a 18,320 _ 19,540

PA-8 17,010 12,010 17,795 a 18,970 a 17,795 a 18,770 19,870

PB-2 15,000 15,000

PB-4 15,550 16,455
PB-6 15,520 18,670

PB-8 14,995 18,020

18,500a!18,50C a 18,630 18,770 a - -

- 20,660 20,660 120,660 - -
19,18oai18,670 19,18oa_19,180 a _ _

19,10Oa 18,745 19,100 a - 15,680 a -

PC-2 i16,470

PC-4 i14,965

PC-6 114,960

PC-8 10,575

1G,550 20,680 19,040 19,040
14,965 20,960 20,960 20,455 _ -

11,990 19,O90 19,985 18,260 a -

9,070 20,680 a 20,680 a 15,420 a -

w

PD-2 12,015 12,015 _21,i00 19,140 21,100

PD-4 10,520 10,520 21,525 _i,525 2_,_25

PD-6 10,475 10,475 20,_5oa_21,280 14,980

PD-8 12,000 15,O20 20,530 20,550 - -

q

m m

_ _ ..

aAfter maximum load had been passed.
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Cycle

i

2

5

4

TABLE 9.- P_ ACTI0_ _ _TJ_T _ROUP S IN FAILURE.

Ph_oe

A
B
(3
D

A
B
C
D

A

B
C
D

PA-2 PA-4

19,200 18,160

1"8,920 17,910

16,860 17,890

19,Z00 18,580
18,700 i -

18,500 18,560

18,250 18,520

18,600 18,800

17,500 18,350

17,2.50 18,500

A 17,600 16,750

B 117,520 -
C 17,000 17,500 !

D 16,950 17,400

A 17,500 17,800
B - -

C 16,180 16,580

D 16,110 16,500

16,400 17,000

B - 16,550

,,C 15,150 15,500
D i 15,100 15,580

PA,-6 I_A-8

19, _0 19,770

19,540 !ilae970

19,280 18,690

19,520 !i18.#_0

19,070 18,780

19,000 i18,T20

19, _Q 19, _0

18 , I _ 0 18,260

18,2 oiil ,no

18,720 1 18,420

17,_0 17,_96

16,9_0 17,665

17,520 16,Oa0

161850 17,410

15,820 16,g50

15,770 I_,840

A 15,500

141800 !

C _ 14,570
D _4,460

16,120 !7,_20

- 14,O20

PB-2

19,000 i21,i00

18,770 '20,680

18,700 ,20,600

19,050 20,950

- 18,450

18,500 !17,510

18,260 17,250

18,475 18,000

- '15,200

17,550 14,820

17,500 i4,685

17,900

16,800

16,740

!17,100

116,610

!16,000

115,970

16,300

15,750
15,500

15.250

I15,600

15,700

PB-4 ?B-6

19,895

19,180

19,120

19,520

18,140
18,060

18,420
18,280

17,520

17,410

17,670
17,670 b

16,820

16,790

17,220

15,970

15,880

16,220

14,980_

14,8.TO I

........ L

PB-8

19,720

19,720

19,100

19,055

19,520

18,920

18,850

19,120

18,180

18,120

18,560
18,560 b

15,595

15,535

15,920

15,680

15,140

_hm_e ;B is l_d _umt befo,J_e failure.
°_"am_e:O is _d j_t _af_er _&il_re.

Pease D is i_ after taking dial readings and Just _fo_e

e_rting next cycle.
]_o :decrease in load between _,es A and B.
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TABLE9.- PA_NELACTIONOFTESTGROUP3 IN FAILURE-(CONTINUED.)

Cycle Phase, PC-2 PC-4

1

2

5

4

5

6

7

A
B
C
D

A
B
C
D

A
B
C
D

A
B
C
D

A
B
C
D

A
B
C
D

21,800 21,475
m

21,190 20,750

21,150 20,700

21,600 21,i00
m

20,890 20,455

20,790 20,585

20,900 20,900

19,250 19,140

19,190 19,060

19,600 19,400.
18,110 i19,400 b

17,425 118,580

17,550 i18,550

17,800 !18,950
17,150 118,150

16,520 17,400

16,470 17,550

15,900 17,800.
- 17,800 b

14,550 16,600

14,400 16,550

17,000

14,240

14,120

PC-6

20,250

;19,550

119,490

119,950

r18,260

18,210

18,700

16_160

15,980

16,500

16,180

15,570

PC-8 PD-2

21,510

20,680

20,620

21,(320

19,380

!18,680
no rec

19,020. !

_19,020b!

16,520
,no rec

16,920

15,420

PD-4

22,020 21,700

21,670 21,525

21,550 21,450
!

22,000 22,225

20,840 20,955
20,700 20,900

21,100 21,400

19,600

18,510 19,450

18,450 19,520

18,850. 19,700
18,850 b 19,130

8,950 7,525

8,950

PD-6

121,610

21,280
21,240

21,750

20,550

20,250

20,500

15,860

15,780

PD-8

20,725

20,550
Z0,480

21,630

21,450

21,580

22.,020
21,895

20,510

20,270

20,760.
20,760 b

6,200

°No decrease in load between phaeee A and B.
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Panel

PA-2

PA-4

PA-6

PA-8

"PB-2

PB-6

Load
(Ib)

18,300

17,300

15,150

17,910

18,360

18,330

17,500

16,380

15,500

19,340

18,320

1.7,020

15,820

_18,970

17,795

.16,950

14,420

18,300

17,550

:17,720

BO ,660

I?, BID

19,500

19,180

18,140

17,520

16,820
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TABLE i0 - EXCEF2TS FROM LOGS OF PANEL OOEPRESSION TESTS

Remarks

Stiffener 1 failing torsionally with secondary local buckling.

Same action, but not so pronounced in stiffener 3. Stiffener 2

shows local buckling with secondary twist.

All deformations much increased and deformation of stiffener 2 now

appears primarily torsional and secondarily local buckling.

Deformations have been increasing continuously.

Slight noise due to sheet buckling. Stiffener 3 definitely twist-

ing.

Stiffener 3 twisting considerably. Stiffeners 1 and 2 show no

distress.

Stiffener 2 now has a buckle. Stiffener 1 shows no real distress,

but is starting to twist.

Same deformations more pronounced.

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.

Loud noise as buckles increase with sudden drop in load.

No particular action at maximum load. Stiffener 2 shows signs 9f

buckling of riveted flange. Stiffener shows combination of twist-

ing and local buckling.

Stiffener 3 failed wlth sharp noise. 8tlffener 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.

Stiffener 1 now shows local buckling as well as considerable twist.

Stiffener 2 failed nQisily.

Edge stiffeners are considerably twisted, but have not fa.iled.
Stiffener Z has failed by local buckling of flanges near mldhelght.

Edge stiffeners showing local buokllng a[ well as twisting.

Drop of load probably due to increased buckling of stiffener 2.

Stiffener 1 is bearing e_aine% testing apparatus. The panel is

badly deformed with edge stiffeners twisted and all three buckler

locally. No rivets had failed.

Stiffener 3 appears to have failed, primarilyby local buckling.

Stiffeners 1 and 2 appear to have failed primarily by local

buckling.

Blight noise from shee_hu_kling, no other cha_.

Stiffener 1 twisting. Stiffener ,2 has wavy outer flange. Stiff-

ener 3 has buckle in ou_er flange.

Loud noise with pzunounem_;failure. Stiffener 1%1_sted,w_lhh_ec-

ondary local buckle. Stiffeners 2 and 3 have fairly large .b_)_les

with .econdary %uvistlng. One rivet failed on stiffener 3.

(Before max. load.) Outer flamge of stiffener 2 buokllmg locally

and appears ready to _ail.

Buckle in flange of stiffener 2 slightly larger. Stiffener 3 &_s

to have failed by local buckling of both flanges near mi(lhelght.

8tlffener 1 shows %wlmt and incipient local buckling. No nolse.

Same failures more pronounced.

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

Sharp noise with intensification of stiffener buckles.



Panel

PB-8

PC-2

PC-4

PC-6

PC-8

PD-2

PD-4

PD-6

PD-8

NACATechnicalNoteNo.882
TABLEi0.- EXCERPTSFROMLOGSOFPANELCOMPRESSIONTEST8(Contd)

Load
(lb)

19, i00

Remarks

i5,395

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

20,310

6,200

31

_oise 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 hea_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.

Stiffener 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 rivet
has failed in stiffener 3.

8tlffener 1 appears to have failed by local buckling with secondary
twist.

Stiffeners 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 i, one

on flange of stiffener 2, no definite buckling of stiffener 3.

Failure of outer flange of stiffener i.

Bad bulges in outer flanges of stiffeners 1 and 2. Smaller bulge on
flange of stiffener 5.

All stiffeners show large buckles.

Loud noise accompanied failure. Principal failure that of stiffener I.

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

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

_ore failure of stiffener _ but stiffener 3 still holds.

Stiffener 3 buckled near upper end. No sudden failure of this stiff-

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 failed with a loud noise and suddenly greatly increased

deformation. The load drop was from 18,830 to 8,950.

Stiffeners 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 stiffener 2. Stiffener
3 showed no distress.

When the load was 20,780, 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 24-1NCH PASTELS

[Measured in radians/I, 000_

33

Panel Sub- Stiffener I Stiffener 2 Stiffener 3

crit-

ical 8,000 12,000 Sub- 8,000 12,000 Sub- 8,000 12,000 Sub-

load crit- crit- crit-

iical ical ical

(Ib) (Ib) (Ib) load (Ib) (ib) load (Ib) (Ib) load

PA-915,8501 - - - 0 1"2 T5 - - -

PA-IO 15,415' -ii -26 -L29 0 -4 -S TI _ii tSO

PB -916,990 - - - Y5 -1"6 -4 - - -

PB-IO 16,750 -6 -2.2 -141 a -i -4 -i05 #4 TI5 _'218

PC-IoPC-920,45020,425 -5- -15- -5_b_57b. _'i -i -2 - - -0 0 - 0 ¢I _'25 h

PD -9 18,140 - - - I"5 "1'5 ,55 - - -

PA-II:14,550 -i0 -50 -209 -4 -5 TI4 _i0 T52 _400

PA-1215,600 -5 -14 -172 Y7 _16 ÷65 • 5 ¢26 _ 227

PB-I116,160 -i0 -29 -145 0 0 _6 -14 -22 -165

PB-1217,100 -4 -S -67 -2 -7 -65 _5 VII _129

PC-II L20,580 -5 -16 -141 -4 -9 -64 -i * 2 ?90

PC-L2 !20,070 -9 -14 -iii ÷i -i -i0 _5 T9 _152

PD-III18,055 -7 -7 -6 0 -2 -16 _14 ¢25 _49

PD-L2:I7,500 -2 _i -14 -4 -i0 -28 t2 _ 7 +I0

PA-1516,835 -ii -24 -2.26 1"5 ¥4

PA-1414, 800 -5 -15 -27 -4 ¢i

PB-I517, 355 -7 -16 -122 -4 -6

PB-1417,220 0 -i -45 ?12 _12

PC-1520,505 -2 -i0 -97 -i -4

PC-1420,110 -4 -15 -66 -5 -15

PD-I517,488 "+9 1"15 _-54 _-6 "1"8

PD-1417, 705 -4 -4 -12. -I -S

-4 ? 9 _25 ¢185

_'48 ¢ 28 "*'240 ÷535

• ii _i T8 _78

¢15 1'21 _'42 _'179

-56 ÷5 -_'9 '_125

-48 -i + 4 _ 65

•22 -12 -24 -86

-15 -7 -4 0

PA-1515,400 -L2 -58 -239 -5 -I0 -155 -5 "1"5 _-90

PA-1615,785 -7 -28 -51 0 0 T 6 *7 751 1"216

PB-1517,215 -8 -26 -L24 -5 -6 -54 -I -S -23

PB-1617,450 -,2. -8 -42 -5 -15 -61 _ 5 J,7 _ 54

PC-1519,860 0 -5 -59 -4 -12 -64 _t5 +ii _154

PC-1619,510 _-5 0 -55 -1"5 _ 9 "1"48 T5 _15 4-78

PD-1517,250 .5 .1"5 _'16 T2 _-i _'ii -6 -7 -18

PD-1617,060 ,.52 _55 _258 -6 -15 -57 -8 -i0 -14

a

Under 16,715 pounds, pointer knocked off before next reading

bCOUld be taken.

Under 18,000 pounds, no readings were recorded for higher loads.
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Panel

PA-I

PA-2

PBLI

PB-2

PC-i

PC-,2

PD-I

ipo-_

PA-4

PB-4

PC-4

PD-4

PA-6
PB-6

PC-6
PD-6

PA-8

PB-8

PC-8

PD-8
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TABLE 13.- POINTER ROTATIONS FOR 16-1NCH PAneLS

EMeasured in radians/1,000]

S_-

crit-

ical
load

(lb)

Stiffener 1 Stiffener 2 Stiffener S

15,000 18,000 Sub- 15,000 18,000 Sub- 15,000 18,00¢
crit- crit-
ical ical

(Ib) (Ib) load (Ib) (Ib) load (Ib) (Ib)

S_I_-

crit.

ical

load

19,015

18,920

18,450

18,770

21,555

21,510

21,405

21,625

18,560

20,660

20,960

21,525

19,520

19,480

19,985

21,280

19,350

19,500

21,100

21,410

- - - _2 -5 -20 - - -
-8 -58 -108 -7 -25 -81 T 8 _27 v62
.... 6 -17 -26 - - -

-5 -II -55 t5 ÷5 +17 _15 _42 _i40
.... 5 -12 -57 - - -

-_ -8 -58 -5 -8 -22 T5 _8 _50
- - - "5 elO --51 - - -

-5 -i0 -40 0 0 -i0 t5 _8 _50

-L2 -22 -28 0 -i0 -16 t28 *120 ,206

-5 -ii -I05 0 0 _15 _8 _18 _40

0 -2 _17 -6 -i0 -18 _5 _9 _14

t 5 • 8 _.15 0 0 0 0 "_'5 _,L?.

-12 -21 -45 -2 _5 ÷40 ,16 ?40 _144

-12 -25 -50 _15 _54 _75 +15 _25 ,52

-4 -5 -25 0 0 _i0 0 0 -17

8 +i0 _20 O O -4 -14 -25 -40

-iS -40 -74 0 0 _15 0 -6 -18

-5 -5 -12 0 -5 -21 0 0 -_0

-5 -7 -i0 0 0 @12 0 0 -]2

_9 _iI _18 -4 -8 -15 -S -4 -7

TABLE I_.- ULTI_L_TE STIFFENER LOADS UTTDER AXIAL CO}IPRESSION.

Specimen

B-I

C-I

D-I

Shape Ultimate

load

(lb)

Ultimate

stress

(lb/sq

in.)

Thic_._ess, r, mini- PEI/L %
t mum

(in.) (In._) (.1_b)

16 - inch Length

5,080

5,900

4,750

$2,400

57,600

3O, 000

0.06_

O. 0647

O. 0649

O, 00520

0.00622

0.01105

2070

2480

4400

B- 5

C -5

D- 5

Z

S

C

24 - inch Length

2,940

_,960

5,240

19,000

24,300

20,300

0.0655

0.0641

0.0656

0.00515

10.00616

0.01118

910

1080

1970
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Figure I

NOMINAL SPECIMEN DIMENSIONS

L

C section
Jd

t = .064.

It

-- -i.llO

, i
,,.818-"-

(A)

Z section

|!

i.iIo

--- .81'8_-_

(B)

T_pi cal Panel

Material
Sheet - 24S-T
Stiffeners- 24S-RT

Sheet thickness - 0.025 in.

Stiffener thick.- 0.064 in.

Rivets- 5/32" d. brazier head
AI7S-T AI. Alloy
5/4 in. pitch

b = 4, 6, 8, and i0 in.

L = 16 and 24 in.

Typical StiITeners

S section U section

(C) (D)

Developed length
of center line, s

Thickness, t

Cross- section area, A

Inside radius of bends,

Moment of inertia, I

Stiffener Sections

Section A, B, and C Section D
2.52 in. 2.52 in.

.064 in. .064 in.

.161 sq. in. .161 sq.in.

r 3/32 in. 3/32 in.

(about c.g.) .0316 in_ .0109 in_

Note: Rivet center line is in the center of the flange flat

e-_pt for stiffener C; for C the position of rivet center

line is given above.
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Figure 2.- Panel oen_ing
test_side view.

Figure 3.- Panel bending test, three-

quarter view.





NACA Technical Nofe No._82

Figure 4

LOADING DEVICE FOR PANEL BENDING TESTS

Figa 4,5

=2

= L"

!

_L

3

I , I

2L

J

Figure 5

SKETCH OF OFF SET

Figures 4 and 5.
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Fi_are 9.- Load deflection curves for panels in bending, 6-inch

circle spacing, center stiffener only.





NACA Technico; Nofe No,88Z

I

%

i
i -

I t
!
I -

I

IAL NO.2

Fig.I0





NACA TecJnnlcal No+e No, 882' Fig, I I





NACA Technical Note No. SSz Fig. IZ

m_

r4 ._

•_ _

_ _._

- ,--4
_EIEI I

0

o _

_ o
•,-t 0

o

_ (1_

I:T

I

e-i

ID

o

._





NACA Technical Note No.SeZ Fig. 13

.,'4

0 .i._ m

,-_o_

_ o
B o

M
m
B •

o

N

O
,-.4

N

v





NACA Technical Note No.SSz Fig. 14

cD _D
0-_

,--t .,-4

,-"1 0 _
al

•,.4 _

_._

!

o _

0

_ 0

I

0 _

.,.4

v





NACA Technical Note No.88z Fig. 15

_o

o o
O_CO

r-40_

_::_ Et El _
r-t

o _
,-4

•,-4 _
M 0

Et

!

ff,j

o _
e-t

V





NACA Technical Note No. Ssz Figs. 16,17

Q)

[o
r-4 o

A

g).4

I

t_
r--I

¢)

_ j,_

F-t

I

I

tD
,--t

0
r-t

.r-t

let





NACA Technical Note No.882 Figs. 18,19

o

_o400

I O_

I_ o
0._

,-IG0
Qto_

g_._

0_ ,o

k
lID

'1::1 0
_0

I Or--I

I_ o
04_

,,-.4r.D

g_o
0

! ®
"r"_





NACA Technical Note No.S_2 Figs. 20,21

o

0o_o_
i o_

0
O_

_0

'_0_4.°
o

'rl

0

g)
0

I Or-t

_ 0

,"40

U

"r"_

., d

.,,'4





NACA Technical Note No.88z Figs. 22,23

0

I o_
O0_Z

0
[O4=

rico
_cO_

o
I ®

_ "'_

!10

0

i ii' /i,_..... ,_ o

_Jo

04_
riO

0

I1)

0
_U





NACA Technical Note No. S6Z Figs• 24,25

_o

I O_

I_ o
0,_

,-I0
_0_

o

o

ID

I0,-4

I_ o
0._

f-lLO
®00_I

0

B "f'_

® d





NACA Technical Note No.88Z Figs. 26,27

I oo_
o_

o
0+_

p., r-( 4-_

•,4 _ 0

_ o

_i ®°,_oo

I 0c_2

LI) -t-_

g
0

• or"_

® .;

-,4 _,-_0





NACA Technical Note No.8SZ Figs. 28,29

0

03_r4
I oe@

o
04_

r40

g _;._

_ d

•,-t _.1 o

I oc_

1_, 0
0.t._

,-.IL_-
_L_

• "P"'O

III® d





7

NACA Technical Note No. Ssz Figs. 30,31

_oa

o@
AO
P-, P_ o

.p
,--.ILO
a) C_I _

g_o .r-t

0
I m

°r--_

e-t
t,o

_ o

,_ o

_o

I_0
P., _, 0

..ira
riO

g_o

0

o¢..._

o

.,,-t
r_

_ 0





NACA Technical Note No.882 Figs. 32,33

0.)

0

_z_o
O.,_o

,-4a_
_cO_

g_o
o

! ®

hi) ._

_o
,--g 00

O.i ,-I -_
0





NACA Technical Nofe N, 882 Fig. 34-





NACA

:18
i

_A

tl.

,iv

ca

Technic¢_l No_'e No. 882

, ]
t
I

1

/
J

J

I

F_g, 35

.J
.tl

I -Z __.

a

1
j,

>_

r._
....... _ "

-4

r.4 ,_
PB-6

12

iv

zJ_

ROIA T IoN

• " t;

i

PEP8

I'IG'URt 35

P,_N E L ,9 T/FFEI_IE R j_(_ TA T IO, _18

Z 6ECTI_N _TIFF£PIER_

I I ' Z

RAD J AI_ ,_





NACA Technical No+e No. BSZ

lul _

lIT

x..
-...,. ",,.,,

22

l e_: :

,x

:Z'e _-

18

,iv

c

J

i

Y

/ \

%

°-J,

F_

/':'t \

r •

\

PC-4

.. t_-6

,c_-8

•r r T
_oTA'r_CW1,_ RAOJA_VS f

...... _.

..d

0
.,,,,I H

...._._.._

.t

m,
J!





NACA Technical NMre No, 882 Fi 9. 37






