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Summaxry

A total of 92 stiffened panel specimens of birch plywcod of a
nominal thickness of one-eight inch with spruce stiffeners set
parallel to the applied load were tested at California Institute of
Technology to cbtain the stress strain relaticns and the ultimate
compression stress of the panels, The panels had heights of 12, 18,
end 24 inches; stiffener spacings of 2, 3, 4, and 5 inches; and radii
of curvature of 400, 200, 100, 50, 12, and 6 inches. The experimentel
date are presented as stress strain and column curves, and in tabular
form.

The principal results of the research are as followss

&) Although the scope of the tests were insufficient to
formulate general design data, the results present a guide for design
criteria of wood panels. Experimenteily it has been shown that the
effective width method of analysis is applicable to wocden panels,

b) The percent reinforcement vs. ultimate stress investi-
gation indicates that a minimum of 50 to 60 % reinforcement should
be used in stiffened panel construction.

¢) A decrease of the redius of curvature ratic gives an

sheet thiclmess
increase of ultimmte stress approximating a logarithmic variation.




Introductim

This report presents the results of an investigatiam on the
behavior of wood panel structures subjected to end compression. The
information available in the ANC-5 and the ANC Hendbook of the design
of wood aircreft structures is based on incomplete data and theoretical
anelysis, That 1éck of knowledge, c;using undue caution to be exer-
cised in the design of curved panels, prompted the investigation to
be performed.

Previous work has been carried cub by obther investigators
(reference No., 5) a% GALCIT, and by the ANC Committee, published in
their Wood Handbook (reference 2), The portion of the field of study
covered ig the effect of variable panel heighbs, stiffener spacings,

and radii of curvature on the design parsmeters.



Symbols

A Area of cross section, square inches,

Egy Modulus of Elasticity of stiffener in compression in direcbion
parallel to the grain is pounds per square inch.

By Modulus of Elasticity of sheet in compression in vertical directicn
i.e.; plus 25 degrees from vertical both sides.

C BEnd fixity coefficient for columms.

er Subseript .. Critical sheet buckling in 1lbs,.

L Length or height of panel in inches.

e Strain in irches per inche.

I Moment of Inertis inches%,

K Constant ... generally empirical.

P Total applied load, 1lbs.

R Radius of panel, inches.

T Subgeript .. Tobal

b Spacing of stiffeners, inches,

n Number of stiffeners in penel.

sh Subseript ... Sheet,

st Subsecript .. Stiffener,

t Sheet thickness, inches,

Wé Effective width, inches.

u Subseript ... Ultimate.

ag- Stress, pounds per square inch.

o Radius of gyration, ins,



Description of Apparatus and Testing Procedure

All panel specimens were tested flat ended in & 300,000 l1b.
Southwark testing Machine (reference Fig. A). Two face plates were
obtained and planed smooth to insure an even load distribution over
the panel. The plates were placed between the heads of the testing
machine, and the test panel wes mounted between them. The Huggenburger
extensometers were applied at the stiffener locetions, and perpen=
dicular to the sheet. The free edge of the penel was supported only
by & stiffener, and the sirply supported edges at the plate obtained
such restraint as the flat end of the panel offered. These edges
of the panel were alsoc restrained to maintain a definite curved radius
by templates applied te both edges.

When the load was applied, on account of the non=parallel moticon
of the movable head of the testing machine with reference to the fixed
head, and the fact thet the specimens hed sanded, not milled edgses,
the extensometer readings would indicate uneven load distribution.
This necessitated shimming of the plates to insure a satisfactory
average of readings across the specimen.

After the initial deflection had been applied, and adjustments
made, the loading wes increased in 10=18 increments until feilure
occurred., Just previous to failure, the extensometers were removed
to avoid demage,

Actual stiffener specimens were compressed at a € inch length

tc obtain the modulus of elasticity, and the Ultimate compressive



stress of the stiffeners alone. The stiffener colum curve for longer
lengths was obtained by forcing the stiffener To fail aiong its

axis of greatest radius of gyration by a greased groove manufectured
from machined 3 inch steel angles. Plywood specimens tested for
Young's Modulus were 6 inches long, 6 inches wide and 1 inch thick.

The stiffeners used in the panel counstruction wsre routed from
spruce, Throughout the research only one stiffener cross section wes
used (reference Appendix A). The sheet was made up of 2 plies of
birch plywood esch 1/16 inch thick, bonded together by synthetic cold
urea formaldehyde. The grain of the plywood ran at an angle of 28
degrees to the vertical, and the grain direction of the 2 ply wes
so crossed so that the resultant sngle between the grain direction of
the 2 plies at any point wes B0 degrees.

The panel lengths were so chosen as to cover the range of rib
and bulk head speacings that might be encountered in current design
practice. The spacing of the stiffeners was varied in order to in-
vestigate the effect of that ovarameter on ultimate strength. The
redii under test varied from that required for wing sections dowm to
those required for smaller structural sections. All measurements and
areas used throughout the test were nominal, with the variation from
specimen to specimen being neglected,

The probable accuracy of the measurements should be falr, as
10 extensometer readings were talen for each panel, and the load scale
on the testing machine was adequately large. The inaccuracies of
the researcn may be attributed to the irregular movement of the test-

ing machine head, non-parallelism of the panel edges, and the inherent



variations of the wood and fabrication. The inherent variations in
the wood are felt to have offered the widest range of variation of

any of
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Results
——

Experimenbtal results:

P ulstinate

- = —

NumEer R » L AT Experimental Calcoculatad
Cu:ie ‘ »Tests Average '
1 400 2 12 8,74 47,000 45,000 43,600
2 " e t 42,200 45,000 43,600
3 " "o " 45,000 48,000 43,6820
4 " ¥ 18  7.38 45,700 42,300 40,800
5 " 24 86,74 31,200 31,000 28,700
8 " v " 31,300 31,000 28,700
7 " oo " 30,050 1,000 23,700
8 200 " 12 7,38 53,700 49,300 47,800
g * v 18 " 384600 42,300 40,800
10 N 24 " 39,000 34,000 31,500
11 100 " 1z " 51,500 49.300 47,300
12 R * 18 " 42,500 4% ,300 40,800
13 " " 24 " 42,500 34,000 31,300
14 400 3 12 5,73 29,200 3Z,600 32,800
i3 " woon " 32,000 33,600 32,600
18 i oo " 32,200 32,600 72,800
17 " " 13 " 24,000 29,300 29,300
18 " "24 " 22,100 24,700 22,000

.19 " weoon " 23,000 24,700 23,000
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24, 800
25,200
25,500
22,600

20,200

24,800
22,500
21,000
31,000
30,000
26,000
264500
20,500
20,600
31,200
33,500
31,000

33,000

28,300

24,000

24,700
25,600
22,300
19,000
33,600
29,300
24,700
25,600
22,300

15,000

29,300
23,000
25,700
22,500

17,900

22,500

17,900
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The purpose of the investigetion was to obtain a better

.ng of the behavior of stiffened weod panels as used

in aireraft construction. The scope of the teats has been lim

but the resulbts are offered as a guide in design structural snal

The investigetlons have been purely experimental, with
sign Ho attempt

presented compatible with current design methods.
been made to sllude to anv theoretical development, &s it has

presented in Reference (3)e
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Appendix "AM

Summary of Stiffener Design Calculations

Cross Section of Stiffener .

1) Area = 0,38 sa, ins,

2) Position of the center of gravity -

¥ = 0,3353 ins,

X =0

3) Moment of Inertia about the

in

n

CuG. , I = 0,0160 ins.%

4) Radius of gyration £ = 0,205 ins,
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Appendix "B

pe B)

The effective width of any stiffened psnel may be calculated

for any given load if the

The stiffener

stress up

o
23
®

sl
"3
2

opeortior tly obtained from

Gst = KTE where X = Extersometer constant
T = " reading
To obtain values above the proportional limit, flat end

compression test dabte on asctusl specimens were cbtainsd. The

gtilfener load becomes,
i) A
i = G A n
Tst 3T st
The lowd carried by the sheet is,
o — 3
r‘:}“ - P - rf‘n
i =3 e
-y nr { b1
= & L Geot & (11 = .g}
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Appendix

Illusbtrative Example

(Assume a panel of 400" R, 12" L, 2" b, and 11 n)

No appreciable change in the value of ultimate stress can
be noted for the radii of 400 to 100 inches inclusive. To cobtain
an average stress-strain relation for the 13 specimens, from 12 to
24 inches long, in that radii range, the results were plotted on one
curve (Reference Figure (5)). By statistical average it was found
that Egy = 2.42 x 108 and B = 1.5 x 105, Thus the effective
modulus of elasticity E' of the composite section, up to the buckling
stress of the sheebt, is,

Bt = (Bgp Agy n * By Agy)/(Agg n + Ag)

The values of the panel cross-sectional areas except for

indicated exceptions were as follows:

b n n Ast Ash At n Ast/At %

2 11 4,18 2.56 6,74 62.0
3 8 3,04 2,689 5,73 53,0
4 6 2.28 2,56 4,84 47.2
5 5 1.20 2,56 4.46 42.8

Thus E' = 10% (2.42 x 4.18 + 1.5 x 2.56)/6.74 = 10% x 2,075
The specimen curves were then corrected by one or both of

the following processess
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1) Moved laterelly to parallel the statisticel average
curve, , or , and

2) If the specimen curve below buckling was not parallel
to the average curve, slope offsets were made by means
of the formula,

=5 . e .
eavg Espec:unen specimen

E
average
By means of these correchted curves, a mean ocurve wes projected
for each stiffener spacing, i.e. Fig. 5. From Fig. (4),
Q4 = 6680 1bs. per sq. in.
Thus Pu = §680 x 6,74 = 45,000 1bs,
From &ppendix "DV, for 2" spacing, Ser = 7250 psi.
From Fig. (5) eg = 32,5 x 107% ins.

2.42 x 108 x 32.5 x 1074

]

whence  OsT

ST

B

7860 psi

1/2 Esh/kst = 0,310

i

Below buckling W,
T

From Appendix "B*

W, = 45,000 = 11(.38)(7860) = 0.616 ins.
T2 (7860, (1/8) (1=

W, = 0.208

b

This was plotted as point Yo, 1 on Fig. No. 6,

To compute "P calculated", (Assume 400 "R, 4" b, 12" L)

From Fig, No., 2 SsT = 7200 psi
Gsr = = i
= = 7200 4,0

810

-4



From Fige No. 6 Wy = 0.225

b

If celculations are continued, Ref. (1) Fig. 6.10, the final values

will be W, = 0.221, and S = 7600 psi

)
Thence P = G (Agyn *+2 W, t (n-1))

i

7600 (2.28 +§_ (.221)(4)(5))

25,700 1bs,



-] B

Appendix "D"

Critical Buckling Stress of Sheet

The deviations of the panel stress-strain curve from the
linear begin at the critical buckling stress of the shest. It
was desired to obtain experimental verification of the calculaticns
of the buckling stress; so a limited number of tests were completeds
The test was a sheet simply supported on all 4 sides, with & record
taken of the head deflection while the sheet was axially loaded.

The results were unsatisfactory for the following reasocns:

1) The slotted tubes at the edges were not stiff enough
and at high stresses the tendency to buckle separated the slots.

2) The Dial Test Indicator readings of the head movement
we.s not a sufficiently accurate method. Tests should have been
conducted as in Ref. Wo. 4. This inaccuracy prevented satisfactory
determination when buckling commenced, especially at lower stress
values.

3) 1Initial warping of the plywood caused serious eccentricities.

The results were as follows:

b Gcer
Test Calculated
2 4000 7250
3 3600 3220
4( 3000 181¢

5 2500 1160
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The test values definitely did not follow the equation,
Ger = KE (_tg\z
and hence were rejected because of poor experimental technigue.
Reference Fig. (5), by inspection Ge< is at e = 0,003",
whence Ger = 7250 psi., Substituting this value in the above
formula, the values obitained for other spacings agreed with their
mean curves fairly well, although the calculated Ger was always
lower. This is to be expected, since at the lower stress values

the change in slcpe of the curve is small.



(2)

(3)

(2)

(5)

«20=
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