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SUMMARY

The aim of this research was to find design date for the stiffenecd
plywood pemels supplied by the Fletcher Aviation Compeny.

The bests included stiffened panel tests, unstiffeﬂed pansl tests,
and short column tesbs to find the physical<properties of the materialeJ

The results of these tests, show that the ulﬁim&%e gompression stress
which the specimen will resist is of function of the percentage stiffener
érea compared to ﬁhe‘total penel area, and the Egp retic of the panel.

Predicted ulbtimate stresses from the curves developed show sufficiently
good agreemsnﬁ with actuel test, that they mey be used for deSign pur=

poses with allowance for descrepancies in material and workmenship.



IHTRODUCTION

With the present war time emphasis on aircraft production and its
eonsequenﬁ shorﬁage‘sf metal material, atbtention is directed toward the
ubilization of wood, ?lywmedgjané plastics im‘manufac%U§ing planes. ©Since
reseérch inkmetal hasg déﬁeloped moterials very satisfactory for aircraft
gféduééian,'@é{find,that‘weod for asé in this field has not besen fully
investigaﬁgé; _The’ﬁﬁc Handbook on Wood Alreraflt Structures, preseunts
WANY theoreﬁicéi’formnlae that should be'usqd'with cavtion until more
daﬁa is availablé to corrcborate or fefﬁﬁe the formulae presented. éur
aim was to investigate ths‘design\criteria of stiffened wnodeﬁ paﬁelse

iRefé?@ﬁce Ko 2 inclﬁdeé the reéults of various {esﬁs made by thé
Fletcher Company on birch piyﬁcod and spruce stiffeners,/ Onl& & véry
few tests were made on sbiffened plywood panels under compression. Alsc
the date on wooden panel tests performed at’Galcit by Mr. Chu ana Denison
W%&@ évailable; it Waé agreed that the Fletehaf Airceraft Company would
construct stiffened plywood panels of various lengths, stiffener sizes,
an& stiffener spacivgs, to be tested under compression, in order Lo de-
tefminé, if possible, the effect of the above veriebles on the strength
of the plywood panels. Also panels of vérious curvatures were included
in the prdgram@ However,'time permitted the construction and test of only
a smell part of the originsl program,

ALY panels tested were made of birch plywood with spruce stiffeners,
Theypanel thicknesé wa.gs one-elghth of an inch which consisted of two plys
glued together, The grain of the plywood ren e an engle of 25 degrees To
the vertical, and the grain direction of the two ply wes crossed so that

the resultant angle between the grain directions of the two plys at any



cross=sectim was 50° . The vertiecal direction as noted abevé iz enlled
with the graing anﬁ‘&li tests in compression were made on this axis,

The panel is the strongest when tested with the grein, and expends the
most across the grein.

o atbempt was maéefﬁc’%est perfect panels, because small panels
elways heve some degree of warping. Atbempts were made to hold the panel
straight during btests and to load the panels as eVenly a8 pessible. The
smaller the panels the greater the initiel warping end thus could a greatey
scatter in results be expected for the smeller stiffener sizes.,

The panelsg teStééfwere numbered according to vertical length of
panel s sp&éing between stiffeners, number of stiffeners, and size of
stiffeners. Thus in exzmining the results of any panel test such as panel
test Wo., 18631, one can ascertain from the number ﬁhat the panel ig 18
inches long, 6 inches spacing between stiffeners, 3 stiffeners, and size
Woo 1, which is the largest size. The panels tested for bthis repors

included those of three lengths, 6 inches, 12 inches, and 18 indhes,

The'spaéiﬁg between stiffeners wés either & or € inches. The nﬁmﬁér‘of
stiffeners in sny panel was either 2 or 3. For each length of panel and
stiffener spacing, é group of Tive panels of the différeﬁt stiffener
sizes was tested. These groups of five were not completé for the 5 inch
stiffener spacing peanels, because time was not sveilable to allow for
shifting %esﬁ seb-up, since & redesign of Huggenberger abhtechment is
needed when spacing of stiffeners is below 4-1/2 inches,

The machine used for testing is showﬁ in phobtograph No. 1, and is a
Southwark 300,000 1b, machine. Conbrol and accuracy allowable by this

me.chine iz excellent,



Information desired from the tests included mesurement of elongation
a8 load was applied, critical siress, ultlmebe stress, variation of
strength panels with length and stiffener reinforcements, effective width

of panel with stiffener columns, and the correlation of test results with

available information in ANC=B,



IT TDEVELOPMENT OF RESEARCH

L. Test Procedure

Prior to the commencement Qf the acltual testing, preliminary tests
were made to develop a suitable method. A description of these preliminary
tests, along with a discussion of their advantages and disadvantages is
included in this section for the reference of anyone who continnés with
this project. The discussion of the development will be divided into
three secbions.

1. Method of loading

2 lethod of measuring deflsction

3. Method of applying load.

VWhile the first two of these items were developed together, it is
considered well to digguss them separately for the sske of olearﬁessa A
satigfacbory solubtion of the third item was never found, but ﬁhe effect
end limitation on the tests will be discussed.

1. Method of loading.

The fi?st method of loading was to place the specimen between
the two steel plates which are shown in pho%sgraph No. 4. The bobbom plate
rested on the platen of ﬁhe testing machine and could be adjusted by
pﬁtting shims wderneath it, The upper plate was abtached to the moving
cross-hesd by means of two steél gtuds which passed through the hole in
the center of the cross=head and was bolted to & plate which rested on
_the top of the cross=head, The face platss were then aligned by ruming
a dial gauge‘between them to assure that they were parallel, The end
panels of the specimens were held straight by means of the metal tubes

which were clamped on the outside edges. These tubes offered no torsional



restreint and took no compression, so that they merely prevented bucklinge
Difficulty was encountered in keeping the specimens flat while

'Y

putbing them in the machine, due to their in%tial warping., The first
attempt to overcome this was to clamp them bebween twak“two~by—fours“
which were bolted together. The specimen was then put under an initial
load and the "twavbymfours“ removed., Then the end tubes and the huggen=-
bergers were atbached to the specimgé, This method hed the following
disadvantages:

a, The ﬁ€w0=by~fours” me.de it difficult Lo set the specimen
perpendicular to the face plates.

be & large initial load was required to prevent the specimens
from warping, In some cases, it was impossible to prevent the end pausls
from warping.

ce In the event of wequal loading, all gauges and end re-
gbraint had to be’rsmoved snd the two-by=fours put on before the load could
be released so that shims céuld.be inserted under the specimen.

The final method of loading compriseé the design of end damps
shown in photo Wo. 3. The clamps were made of 1/4“ steel plate with
slots milled in them to go around the stiffeners. Thile these clamps in-
troducéd 2 cerbain amount of end restraint, it’was considered preferable
to have a conshant end resbraint rathef than no restraint‘wiﬁh uneven. panel
loading.

2. Method of measuring deflectlion.
| Throughout the whole project, two deflections were measureds
first the overall deflection of the penel, that is the movement: of the

Y

cross=head and secondly the unit deflection of the stiffener. The first

 d

measurement was only used as an indication of buckling during the test,



except for the case where "E" was measured for the spruce s
snd the unit deflection was caloulated from the dial gauge a5 well as the
Huggenbergers. The wnib deflactﬁén was the more Aifficult to obtain.

The first method which was tried consisted of fastening a disl gauge at

one point on the stiffener and putting e bracket at another poliut so that
the dial gauge registered the deflection of the stiffencr between these
two points. As the axis of the dial gauge wes about e and one~half

inches from the meubtral axis of the stiffener, any bending megnified the

Another method being preferable, Huggenberger extensunsters were
tried, As the panels then undef consideration had four inch stiffener
spacing it was im@ossiEE@ to mount the Huggenbergers in the conventional
menner, 8o the meﬁhod shown in phetograph MNo. 4 was tried. This method
sufferéd from the same bending errors a8 the first method, although an
aversge Huggenberger reading gave bebter results thean the disl gauge.

It was then ecnsidered desirable bo mount the Huggenbergers in
the conventlonal manner shown in photogravh Ho, 2. This limited the
' minimum4§pacimg between the edges of ths stiffeners to four end ome=half

£
A

inches. This method was used for ell of the stiffened panels.

The method used to measure axial deflection of the non-stiffened
panels is sbéﬁ& in photograph Lo, 3, In addition bo measuring the axial
defleetioﬂgﬁheelaterai deflection Waskmeasured by the two=dial gauges
showy in photograph ﬁo; e

- The elastic modulus of both the spruce and plywood was found

by using Huggenbergers on short columns Lo measure the axial deflection.

The plywood colum was made up of eight thicknesses of plywood glued to=-



gether., The axial deflection was also measured by the dial geuge on the
gross-~hend, |
3e lNethod of Applying Load.

The lond was applied in equal increments, the size of the increment
depending on ﬁhe_size of the specimen. It was cbserved that the rate of
loading has a large sffect on the value of The ultimete stress. Ref, 2,
page 1,214 Spees. 17 and 20 show ax increase in ulbimete stress of approxie
mabely 207 due to an incresse in rate of loading. Throughoubt the tests it
wa.s impossible to keep & stendy rate of leading because of the time required
to read the Huggenbergers, However, & slow and nesrly constant rate of

leading was mainteined during loading of inscrements.

Bs Reduction Procedure.
1. Stiffened Pemel Tests.
In these tesbs the following date was recorded:
2, Load
be . Tobel deflection
c. - Unit deflection of stiffensr.
Figs. 12 = 30 were developed in the following menner:
1¢k The average Huggenberger reading was mﬁltiplied by the
Aversge Huggenbergerkconstant to get the stiffener
strain.
2. The stiffener sbtréss was compubed from the stiffener
strein and the modulus of elasticity found from besh.
S Tﬁé stiffener load was computed from stiffener area in-
cluding the plywood adj&cent to the column and the

stiffener stress,
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4, The sheet leod was compubted by subtracting the sbtiffener
lead from the total load.
8. The shset load and total lead were plotbted against

stiffener strein on figures 12 - 320,

'

The regults obtaired for the critical stress of the unstiffened

penels, together with the results of the stiffened panel tests showed thet

‘_._!

the effective width me ﬂOﬁ used for metal panels was nob epplicable. There=

fore, snother med od of worlking up the design data was necessary.

L

The method suggested wes to find the ultimate stress as a function of the

percent reinforcement of the panel by the stiffensrs, This relabionship

2 fou)

s showm in Figs, 7 and 8, Three curves are plobbted, one for each length

of penel. From theses ocurs and the btype of failure which occurred, it
became apparent that the ultimate stress wes also a function of the L/b
of the panel., These curves alsoc show good agreement with Ref. 2,

In order to show the ultimate stress as a funcbion of &S/ET and L/b,
Tig, 2 wvas plotted giving lines of consbant ultimate stress as a funchbion
of the two variables, From Fig, 2 the data wes cross-plotted onto figure
1 to give the ultimate stress as a function of L/o for constent és/&T o
This glves design data which may be applied Lo bhis tyée of plywood panel.
The table in the summery of date shows the a@rceﬁtage differ@née‘between

the predicted valuss and the test values for the ultimate stress, TFigure

la. shows the pevcent agreement of aoctual sbress with stress predicted

The following date was recorded

b  Axial deflection

¢, latersl deflection



The exiel deflection divided by the load was plotted ageinst axial
deflection. The value of eritical buckling stress wes obbtained from the

slope of this curve., The resulbts of these teshbs are included in the

Je - E Tests.
The following data were recorded
iae' Load
be . Tobal axial deflection
¢ Unit axiel deflection
d lateral deflection (plywood tests only)
The shress sbtedin curves were develeoped in the following manner:
1. The strain was canpubed by the following methods.
ae - The average Huggenberger reading wes multiplied
by the average Huggenberger cousteant.
be - The tbotal axial deflection was divided by the
langthAof the specimen.
2, The stress was compubed dividing the lead by the
crogss~sectional area of the stiff@ner.
Then the stress strdin curves were plotbed.
Spruce - Fig. 11
Plywood = Tigs. 9 - 10

The average slopes of these curves give the value of "BY,



IIT - DISCUSSICH OF RESULTS

Since we found that the'ﬂltimaté stress of the plywood panel unstiffened
wes stronger than the ultimate stress of the spruce stiffeners, our resulbs
Were’not calculated along the cbnventicnal aSSumption of effective panel
widths scbing with the stiffeners. Reference (1), the ANC Handbook, lists
its resulbs frothhe effective Width anelysis only, so we could unot compare
our resullts with any aveilable data.

Fig, (1) represents one method of’predieting ultimate stiffened panel
stresses by kuowing the geometbricel characterisﬁics of the panel, that is
L/%g ﬁs - sﬁiffener area, and ﬁT = totel ares of stiffeneré and sheet.
These lines were cross plobied from figure (2), where‘ultimaﬁe stress lines
were plotted through the sverage rasuité of all penels tested. Fig. 1(a)
shows the percent agreement bebween test results, and that prédicted by
figure (1),

Fig.’(S} contains the resultent of the plots shown in figures (4),
(5), and (8). The slope of the ultimate stress vs. L/ lines is féirly
constant, and cheéks with the 5lope of the lines in figure (1).

Figures (8) and (9) show the relationship betwsen percent reinforce-
ment represented by &S/ET end ultimate stress of the panels tested for
each different langth of panel, 8512, and 18 inch heights. From these
lines we ocan nobe thaet the top of the line or curﬁp we.s not reached. This
means that further tests of pamnels, which contain a higher percentage of
stiffener aree, should show ﬁhé mgst’effee%ive stiffener ares for any giveﬁ,
panel. Since the panels buckled or failed when the stiffeners failéd, the
datte presented would lead to the surmise that the 1inés could be extended
to the ultimate stress of spruce stiffeners aboub 5,000 1bs./sq.in., end

the most effective percent reinforcement would be aboub 60 percent,



Column compression ﬁesté were made on plywood specimens, inch square
by 6 inch length. These columms were made up of &€ layers of 1/8 inch plys
each layer separated by glue. The results of the tests shown in figures
(9) and (10) gave us an E of 1,100,000 for this birch plywood. Attempts
were alsc made to gelt Foisson'e Ratic for the plywood. The results were
wniform in that greatb éxpansigﬁ wﬁs measured in the direction across the
grain, in the plane of the panel widths. Also compression or necking down
was nobleced in all tests of elongation norwel to the panel widths. These
teéts are not the only instances where contraction normal to The width of
the penel has been noticeds - This plywood is so constructed that its greatest
sbrength is with the grain and its grestest expension is in the direction
across the grain, Apparently so much expension takes place across the
grain in the plane of the panel that the thickness of the plywood panel is
decfeased. |

+In figure (11) is shown the results of tests on spruce stiffeners,
These bests resulted in the E for this type spruce as being egqual Lo
I,QSO,QOO.

FPigures (12) through (30) include the test results of all the panel
tests. The tests show 2 plet of lead in pounds versus elongation in ben
thoussandths. Alse the load teken by panel sheeb was calculabted and plotted
Tersus elongation; Some of the non-uniformity in results can be laid to
the initial buckling présent in the plywood panels, before besting. In
some ceses where the‘leading'was ndt quite uniform, one panel sechion would
fo.il firat, hastening the total failure of the entire panel. Thesé cases
are shown on the data sheet where the percent scatber from that predicted

is guite largs.
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In an atbenpt to find the eritical buckliﬂg stress of this plywood,
tests were made on unstlff éncd panels, the results being shown by figures
(31) through (34), As shom on the data sheet the oritical stress for
21l penels of width 6 inches wveoried with length of the speocimen. According
to theory all nanal of the same width bebween supports should have The
seme erifticel stress, ngever;:the irregulafities in the @&ﬁ@l const?uction
and the initial sﬁfeqseg vresent in the panels due to warping, made a
veriation in results most 1ikely. The longer the panel, the more likely
there ws Lo be p?ématﬁre bending. The 12 inch width panel should hcve’
one=fourth the critical st?ess of the € inch panel,; and shows close agrees
ment. Due to the limited tests made and the difficulby of testing long
p1'7m03.p3ﬂ61¢ due to bend ing, no definite eritical stress was found.

As wa.s noted ﬂurxng the +est1nw of all panels, afber buckling stards,
the ultimate load that the panel will uaLe depends on the speed of loading.
In the tests listed, the leeding was perfomed in 4 or 5 hundred pound
inerements, and then sbops were made Tor readings. o definite ralte of
loading wes made, other than the definite sbtops, so that no part of the

irregularity in ultimate leads can be traced to this item.
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IV SUNMAERY -OF RESULTS

& method for g?adicting the ulbimate lead and vltimte buckling stress
from the knowledge of the geometrical properties of the panel wes derived
Por this type of plywood and stiffener. The modulus of elasticity for the
birch plywood and for the spruce sﬁiffeﬁé?s ﬁas found te be 1,100,000 and
1,450,000 respectivelys both in psi

Since only a small porbion of the original test program wes completed,
many items ware‘leftjfor future research. Polssons ratio should prove an
interesting study sinceztﬁere Ve s ﬁecking‘dawn in evidence in one direchion
in the cowpression tests. increase in percent reinforcement should give
higher‘ultima%e stresses, A definite criﬁiéal budkling stress was nob
determined from the 1imited tests performed, bub the sffect of lengbh of
- specimen was ﬁotsés éﬁ invesﬁiga%ion into thé effecﬁ of rate of loading
onn the ultimate values was not‘perform@d; The design criteria for curved

penelse comtains interest for further research.
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Panel: No. 6634 = Fig, 13

Datas Length = 6"

Stiffener Spacing - &%
No, of Stiffeners = 3
Stiffener Size - 1/2" x 1/

SPECINEN No. 6834

Ay (=) &) &) (&) (6) (7)) (8) 9) (o) (11} (12)

, Average v Pgr  Pgg
Load Huggenberger Readings Diff. E x 10% srT
0 40,0 40.5 36.5 37.5 42,0 41.0 O 0 0 o o
1000 39,0 38.5 35.5 35,5 41.0 39.C 1.8 2,51 2G4 342 6E8-
2000 36,0 35.0 34.0 34,0 39.5 38,0 3.5 5,86 880 800 1200
3000 33.8 32,0 33.0 33,0 38,5 38,5 8.2 8.7 1260 1180 1880
4000 31.5 30,0 32.0 31l.5 37.0 35.0 8.8 11,4 1660 1880 2450
500¢ 30,0 26,0 81.0 30.5 36,0 34,0 8.0 13.4 1540 1820 3180
6000  28.5 27.0 30.0 28,5 84,5 22,0 9.3 15.6 2260 2120 3880
7000  27.0 25.0 29.0 28,0 32,5 30.5 10,9 18,3 2660 2500 4500
8000 25,0 R23.5 28,0 27.0 3L.0 22.0 12.3 20.6 2990 28,0 5190
8000 23.Z 21.B 27.0 25,5 29.5 27.0 13,9 23.3 338C 3180 BB820
1000C 21,0 20,0 25.5 24,5 28,0 2B.5 15,8 26.0 3%7C 3BB0O  84L0
11000 28.5 16.5 24.0 23.0 26,0 23,0 17.7 29.6 4300 4040 68960
12000 o = 23,0 22,0 28,0 22,0 21.2 35.5 5150 4840 7160
12950 0000 e e e Ultimate
(1) Loaed measured on mechine
(2)=(7) Huggenberger readings
(8} Average difference of Huggeuberger resdings
(2) Strain = (8) x Huggenberger consbant
(10) Stiffener stress = (9) = B,
(11) Stiffener load = (10) = Agp
(12) Sheet load = (1L} = (11)

le Percent Reinforcement.

Sheet Area Agm = 24 x 1/8 = 3.0 sqg.in.



w0

32x1/2=%1/2= .75 sq.in.

i

Stiffener Area Agp

Total Ares é? = : 3.75 89.in.

2. Determination of L/ .

(1) deubrel fxis
Q=24x1/8x21/16-3x1/2x1/2x 1/%

= ,187 = .187 = O

<
H
©
il
[
i
()

() 1=1 = 4 (F)?

=24x (1/8)° +3x1/2x1/3x (1/2)3

+ 1 = 0158 + ,0825 = ,0781 in.%

el
4
°
o]
N
(o]
(ev]
¥
°
Laad
H>
1]




;21.,‘

VII INDEX OF FIGURES

TITLE

Ultimete Stress vs. I/p for comstant Ag/Ap
Constent ultimate Stress Limes for L/p and Ag/Ap
Ultinate Stress vs. L/p of Penels Tested
Ultimate Stress vs. Pevcént Reinforcement

UE" Tests = Plywood Columms

gt Tests ~‘Spruc@ Stiﬁfansrs

Panel Tests

Unstiffened Panel Tests

(1)

(2)
(3) = (6)
(7) = (8)
(9) - (10)

(11)
(12) - (30)

(51) - (34)
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VIII IWDEX OF PHOTOGRATHS

General View
Stiffened Panel Test
Ungtiffened Panel Test

Originel Panel Test
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Results of Unstiffened Pomel Tests

g% g%y 1/8tt

Test 8 = 3680 t/in,?
Test 7 = 3500 /in.?
Test 10 = 2960 /in.?

12% x 6% x 1/8"
Test 3 = 5330 /in.?

Test 12 = 5330 /in.?

18" x 6" x 1/8"

Test 5 = 3140 /.2
12% x 12% x 1/8"

Test 13 ' = 1600 dt/in,?

Nobe: Hize is designated by length x width x thickness.
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1 GENERAL VIEW OF MACHINE

Fle.



Fic. 2 SrtiFrFenep PaneL TesT



Fic. 3 UNSTIFFENED PANEL TesT



4 OrIGINAL Paner TesT

Fig



